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Abstract

Objective: To analyze positive surgical margins (PSM) after
radical prostatectomy (RP) in the overall population and in
patients previously treated with transurethral resection of
the prostate (TURP). Materials and Methods: 2,408 patients
treated with RP for clinically localized prostate cancer (PCa)
were consecutively enrolled in 135 departments. We cor-
related PSM rates and all preoperative, surgical and patho-
logical features. We stratified the site of PSM as unique or
multifocal. Moreover, we analyzed differences between 75
patients who had undergone previous TURP and the re-
maining 2,333 patients. Results: In the entire study pop-
ulation, we identified 702 patients with PSM (29%). Using
univariate analysis, we reported a significant correlation
between overall PSM and prostate-specific antigen (PSA),
stage cT, biopsy Gleason score, number of biopsy cores,

number of positive cores, percentage of positive cores and
nerve-sparing approach. PSM proved to be strongly depen-
dent on pT in particular in patients with pT2 PCa. When we
compared the data from 75 patients previously treated with
TURP and those from 2,333 without previous prostatic sur-
gery, a statistically significant difference in margin localiza-
tion was found. Moreover, we analyzed the 75 patients men-
tioned above, stratified in incidental PCa diagnosed at TURP
or PCa detected with prostate biopsy for PSA rising during
the post-TURP follow-up: no statistical differences were
found between the 2 groups regarding margin status, even
if PSM were more frequent in incidental PCa with no signifi-
cance deriving from the stratification for PSM location at the
apex or base. Conclusion: Men treated with TURP before RP
presented an overall incidence of PSM similar to those with-
out previous TURP, but with a higher risk of PSM at the blad-
der neck and a lower risk of PSM at the prostatic apex.
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Introduction

The overall incidence of prostate cancer (PCa) ac-
counted for 186,000 new cases in the USA and 370,000 in
Europe [1-3]; incidental PCa is found in 3-16% of speci-
mens obtained from transurethral resection of the pros-
tate (TURP) [4].

Radical prostatectomy (RP) represents the gold stan-
dard for clinically localized PCa [5], allowing to achieve 3
main outcomes (‘trifecta’): cancer eradication, urinary
continence restoration and erectile function recovery [6].
PCa can be diagnosed immediately after TURP or by a
subsequent prostate-specific antigen (PSA) rise during
the postoperative follow-up. Urologists can choose RP
even after previous TURP, despite the subsequent altera-
tion of the tissue layers due to fibrous scarring [7] and the
increased risk of peri- and postoperative morbidity [8].

The safety and efficacy of RP after TURP are still de-
bated. Only few studies have been made about it, assess-
ing that TURP may cause a possible risk of positive surgi-
cal margins (PSM) [6, 9], especially in advanced stages
[10]. To date, several studies conducted on large RP series
did not systematically analyze post-TURP outcomes [11],
even if a substantial percentage of men are found to have
PCa after TURP [12].

In 2006 the Leading Urological No Profit Advanced
Research (LUNA) Foundation planned the Multicenter
Italian Report on Radical Prostatectomy Outcomes and
Research (MIRROR) Study in order to evaluate the onco-
logical, surgical and functional characteristics of PCa pa-
tients and RP outcomes.

The purpose of our study is to analyze PSM after RP in
the overall population and in patients previously treated
with TURP. Furthermore, we evaluated PSM after RP in
men with incidental PCa (class pT1a-b) versus those with
PCa discovered with a biopsy performed during post-
TURP follow-up for rising PSA.

Materials and Methods

Patient Selection and Clinical Data

In 2006 the LUNA Foundation planned the MIRROR Study.
135 urology departments all over Italy were contacted, to evaluate
oncological and surgical characteristics of our study population of
2,408 patients treated for PCa. All patients were consecutively en-
rolled in each center and all data were prospectively recorded and
stored by a web data manager (Clicon AG). For all patients the
variables described below were recorded.

Preoperative Items. Age, body mass index, previous bladder
outlet obstruction caused by clinically benign prostatic hyperplasia
(acute urinary retention with catheterization and TURP) and pre-
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operative tumor characteristics (PSA value at the time of RP, clin-
ical stage, and biopsy Gleason score, GS) were assessed.

Surgery. Nerve-sparing (NS) procedures (radical, monolateral,
bilateral) were examined, while no data were available about the
specific intra-, inter- or extrafascial technique. Bladder neck spar-
ing was also investigated (yes or no).

Pathology. For pT, definitive GS, positive lymph nodes, and
number and site of PSM, the pathological features were evaluated
on whole formalin-fixed and paraffin-embedded surgical speci-
mens that had been weighed and serially sectioned perpendicu-
larly. The entire prostate was examined with 3-mm interval tran-
sections. pT was recorded according to the fifth UICC TNM clas-
sification. Tumor grade was assessed using the Gleason system.
PSM were identified when tumor cells were seen in contact with
the inked specimen surface. The presence, number and site of PSM
were registered for each specimen. The locations of PSM were clas-
sified in: apex, base or bladder neck, lateral right, lateral left, pos-
terior. Multifocal PSM was defined as the presence of neoplastic
cells in >2 sites among those reported above.

Population. 75 (3.1%) patients treated with TURP before RP
were stratified into 2 groups: group 1 included 32 (42.6%) men
with incidental PCa (pT1a-b) while group 2 included 43 (57.4%)
men who had undergone prostate biopsy during the follow-up af-
ter TURP, for rising PSA. Both groups were analogous for preop-
erative clinical and urological parameters. Prostate weight for all
patients was assessed by ultrasound before TURP.

Statistical Analyses

A flow chart of the study population and statistical methods is
reported in figure 1. We assessed the overall incidence, number and
site of PSM in the whole population of 2,408 patients. Within these
groups we tested parameters for normality and correlated PSM rates
and all preoperative variables, surgery and pathological features us-
ing a Spearman correlation coefficient. Significant data were includ-
ed in a logistic regression analysis. Specific subanalyses regarding
the NS procedure were performed with an unpaired sample t test.
Finally we stratified the site of PSM as unique or multifocal.

Out of the entire group of patients, 75 (3.1%) had undergone a
previous TURP and finally underwent RP in only 9 tertiary referral
centers for treatment of PCa. Thus, we analyzed differences be-
tween the preoperative, surgical and oncological variables of these
75 (3.1%) patients (with TURP) and the 2,333 (76.9%) remaining
patients (without TURP) with an unpaired sample t test.

Moreover, we examined the 75 patients analyzing the differ-
ences between the 32 (42.6%) patients with incidental PCa diagno-
sis at TURP (group 1) and the 43 (57.4%) patients who underwent
prostate biopsy for PSA rise during the post-TURP follow-up
(group 2) regarding pathological features (prostate weight, pT, GS,
site and number of PSM), and early postoperative clinical out-
comes were assessed by an unpaired sample t test.

Results

The characteristics of our 2,408 patients are listed in
table 1. In the entire study population, we identified 702
patients with PSM (29%). 464 of them (66%) presented
solitary PSM, while 238 (34%) had multifocal PSM. In
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Overall
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Primary analysis enrolled men logistic rearession
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Fig. 1. Flow chart of study population and

Secondary analysis TURP TURP Unpaired t test
n=2333 n=75
1 1
Incidental Biopsy after
Tertiary analysis (pTla-b) TURP Unpaired t test
n =32 n =43

statistical methods.

particular, 167 patients presented PSM in 2 sites, 46 in 3
sites, 19 in 4 sites and 6 in 5 different sites.

Using univariate analysis with a Spearman correlation
coefficient, we reported a correlation between overall
PSM and PSA (coeft. -0.148; p = 0.000), cT (coeft. -0.128;
p = 0.000), biopsy GS (coeff. -0.153; p = 0.000), number
of biopsy cores (coeff. 0.066; p = 0.001), number of posi-
tive cores (coeff. —0.134; p = 0.000), percentage of positive
cores (coeff. —0.170; p = 0.000) and NS approach (coeff.
0.254; p = 0.038). PSM proved to be strongly dependent
on pT (Spearman correlation coefficient r = -0.3422; p <
0.0001): in particular, the rate of PSM in patients with
pT2 PCa was 16.51% (253/1,532), compared to 51.26%
(449/876) in patients with advanced PCa (2pT3). These
variables were included in the logistic regression models,
and the results are reported in table 2.

We reported a different localization of single versus
multifocal PSM according to margin location (table 3). In
particular, the apex was frequently involved as a single
PSM, while posterolateral locations (right or left) were
involved more frequently in multifocal margins.

Stratifying the data of the overall population according
to NS status, we performed fewer NS approaches in men
with TURP compared to those without TURP (32.0 vs.
49.3%, p = 0.0015), based on preoperative erectile ac-
tivity. PSM were found in 407/1,234 (32.98%) patients
treated with a non-NS approach, in 75/318 (23.58%) pa-
tients treated with monolateral NS surgery and 220/
856 (25.70%) patients treated with bilateral NS RP.

Secondary analyses comparing data from 75 patients
(3.1%) previously treated with TURP who finally under-
went RP, and those from 2,333 without previous pros-
tatic surgery demonstrated no difference according to
preoperative PSA (p = 0.2245), pathological GS (p =
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0.4074) and pT (p = 0.1773). In patients who had under-
gone a previous TURP, we reported a lower rate of NS
approach compared to those without previous TURP (x?
p=0.0015, t test p = 0.038). After TURP, monolateral NS
surgery was performedin 1.4% (vs. 13.6% without TURP),
a bilateral one in 30.6% (vs. 35.7%) and non-NS RP in
68% (vs. 50.7%).

We did not identify a significant difference in the over-
all incidence of PSM between men with or without previ-
ous TURP (23 and 32%, respectively, p = 0.101). On the
other hand, we reported a significant difference in the
sites of PSM: men with TURP presented a relatively high-
er rate of PSM compared to those without TURP at the
bladder neck (5 vs. 2%, p = 0.049) and a significantly low-
er rate of PSM at the apex (5 vs. 14%, p = 0.036).

Moreover, in the tertiary analysis we evaluated 75
(3.1%) patients with previous TURP, stratified in the 2
groups mentioned above: 32 patients (42.6%) with a
pTla-b disease, and 43 patients (57.4%) who underwent
residual prostate biopsy long after TURP (groups 1 and 2,
respectively). We evaluated several pathological items
such as PSM, gland weight and GS. Above all, we found
no statistical differences between the 2 groups regarding
margin status (p = 0.337), even if PSM were more fre-
quent in incidental PCa (28.1%) rather than in those who
underwent a biopsy long after TURP (18.6%), with no
significance deriving from the stratification for PSM loca-
tion at the apex or base.

Patients with incidental PCa at TURP presented a sig-
nificantly lower prostate weight compared to those with
biopsies performed several years after TURP (median
weight: 27 vs. 40 g, p = 0.003; fig. 2a) and their mean GS
was significantly lower (p = 0.049; fig. 2b) at the definitive
pathological examination.
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Table 1. Descriptive statistics of the overall population (2,408 pa- 2
tients) P
Clinical data L 2
Age, years mean + SD 65.316.5 ~ 601 g
min.—max. 31-85 2 s
Age groups <65 years 974 © 50 e :8
265 years 1,434 2 ]
Body mass index mean £ SD 26.3£3.0 £ 404
min.-max. 18.6-41.0 .
a 30
Urological data ]
AUR with previous yes 119 204
catheterization no 2,289 b .
Previous TURP yes 75 10 x \
no 2,333 Patients with pTla-b disease Prostate biopsy
(group 1) long after TURP
Preoperative PCa characteristics a (group 2)
PSA groups 0-2.4 ng/ml 64
2.5-3.9 ng/ml 190
4-10 ng/ml 1,561
10.1-19.9 ng/ml 433 o
>20 ng/ml 160
mean PSA + SD 9.7412.9 o
Clinical stage (cT) T0-Tlc 1,131 80 e
T2 957 {01 T
T3 95 @
missed 225 % 601
Biopsy GS <6 247 E >0
6 1,285 B 40
7 651 30
8-10 225 y
Operative features 10
Nerve sparing non-N§ 1,234 0
monolateral NS 318 Group 1 Group 2
bilateral NS 856 b (with pT1la-b) (prostate biopsy after TURP)
Bladder neck sparing yes 1,938
no 470
Pathological outcomes Fig. 2. Prostate weight of patients with incidental PCa at TURP
Pathological stage pT0 11 compared to those with biopsies performed several years after
pT2 1,521 TURP (a) and their mean GS (b) at the definitive pathological ex-
pT3 856 amination.
pT4 20
Definitive GS <6 162
6 854
7 1,097
8-10 295 . .
Lymph nodes Nx 601 g
NO 1,653
Ni1-2 154 PSM are mostly found in patients with higher stages,
Positive margins negative 1,706 GS and PSA levels and occur in 11-38% of the current
positive 702 series of RP [13]. It is commonly accepted that the most

affected sites are the prostatic apex and posterolateral lo-
cation [14]. In the MIRROR Study, PSM were strictly re-
lated to more advanced pT (p < 0.0001) as reported in the
literature [6, 15]. The global PSM rate in the MIRROR
Study was 702/2,408 (29.1%), more precisely 397 present-
ed (16.5%) pT2 and 1,234 (51.2%) >pT3 stages. Overall

AUR = Acute urinary retention.
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Table 2. Determinant of PSM in the overall population (2,408 patients)

Coefficients t Sig.

non-standardized standardized

B SE P
Constant 0.957 0.082 11.660 0.000
Preoperative PSA -5.425 0.000 -0.004 -0.171 0.864
Clinical stage (cT) -0.041 0.010 -0.113 -3.966 0.000*
Biopsy GS -0.034 0.010 -0.078 -3.422 0.001*
Number of biopsy cores 0.010 0.003 0.971 3.968 0.000*
Number of positive biopsy cores -0.010 0.003 -0.964 -3.935 0.000*
Percent of positive biopsy cores 0.023 0.021 0.028 1.097 0.273
NS 0.026 0.011 0.051 2.259 0.024*

Multivariate (logistic regression) analysis based on significant outcome at univariate analysis (Spearman cor-
relation coefficient) are reported. Both the ‘non-standardized coefficient’ and the corrected ‘standardized coef-
ficient’ are reported. * p < 0.05.

Table 3. PSM in the overall population (2,408 patients)

Overall Apex Base Posterior Lateral right  Lateral left
All 702 (29%) 325 51 132 281 253
Unique 464 (66%) 177 23 60 113 91
Multifocal 238 (34%) 148 28 72 168 162

Data are stratified according to number of PSM (unique or multifocal) and site of PSM (apex, base, posterior,

lateral right, lateral left).

PSM could be reduced with a more accurate case selec-
tion, practicing RP in small tumors (lower stages) and
adopting an NS technique after considering age, preop-
erative erections, PSA, clinical stage and GS [15-18].

Some authors assert that the incidence of PSM is sim-
ilar among open, laparoscopic and robotic RP (LRP and
RALRP) techniques [13], while other authors suggest that
for mini-invasive techniques it may be influenced mainly
by the operator learning curve [15]. Large series show that
PSM range between 6 and 31% in the retropubic RP [16-
18], 12.6-27% in the laparoscopic approach [9, 10, 19]
and 13.5-15.2% in the robotic technique [15, 20]. Also the
employment of an NS or non-NS technique does not re-
sult in significant differences in PSM rates: 5.9-24% PSM
in NS groups, 5.8-31% in non-NS groups [16-18]. How-
ever, this data can be strongly biased by patient selection
for mini-invasive procedures and by the learning curve
for LRP and RALRP.
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RP after TURP can be currently performed by skilled
urologists, especially in young men with suspected clini-
cally localized PCa [6-10] with radical intent. In patients
without previous TURP, with favorable clinical predic-
tive factors, surgeons generally perform RP with NS tech-
niques, and for this reason the margins of resection are
very close to the prostate. In contrast, in men with previ-
ous TURP, even those with favorable clinical features,
surgeons would perform RP with a wider margin of resec-
tion; this could explain the overall lower rate of PSM that
we have found in our population after TURP, even if this
data was not statistically significant. Concerning this, we
report a lower rate of NS techniques performed in men
with TURP compared to those without TURP (32.0 vs.
49.3%, p = 0.0015), in accordance with data reported in
the current literature [20].

Thus, a previous TURP did not seem to influence the
overall PSM rate, in accordance with the literature. Also
in large series of LRP and RALRP, no statistical signifi-
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cance was found when comparing groups subjected to
previous TURP or not, concluding that performing RP
after TURP does not increase the perioperative complica-
tion rate [6, 10, 20]. To our knowledge the only discor-
dant results have been obtained by Jaffe et al. [9], who
suggested that a history of benign prostatic hyperplasia
could delay the diagnosis of a synchronous cancer ex-
plaining the less favorable rate of PSM in their TURP
group.

TURP was related to a higher risk of PSM at the blad-
der neck and a lower rate at the apex, as compared to men
without TURP (5 vs. 2% and 5 vs. 14%, respectively).
These outcomes are in part in accordance with those pre-
viously reported by Shelfo et al. [21].

After the removal of large adenomas protruding into
the bladder, the bladder neck can be definitively widened
and thinned. Therefore, during the subsequent RP, sur-
geons can shift the margins of the bladder neck incision
into the prostatic base, with the improved risk of PSM. In
contrast, the huge fibrotic processes at the prostatic apex
after TURP can induce the surgeon to put forward the
point of apical resection with the consequent low risk of
PSM.

In our tertiary subanalysis, we demonstrated that
across 75 men treated with previous TURP, those with
incidental pTla-b presented prostates with lower vol-
ume and lower GS as compared with those who had had
a biopsy long after TURP (fig. 2). The reduced prostatic
volume immediately after TURP can be due to the lack
of time for regrowth of prostatic tissue after TURP. In
addition, younger men were selected for the treatment of
benign prostatic hyperplasia, presenting prostate vol-
umes of 30-80 ml according to the current guidelines
[22, 23], and as reported by Secin et al. [24] a prostate
volume of <30 g was associated with a greater risk of
PSM after LRP.

It was an expected data to find higher GS PCa after
TURP that were candidates for RP, as it is well document-
ed in the literature that a high GS is associated with great-
er tumor volume and positive margins [25, 26], and prob-
ably because of the incidental low risk (low GS) elderly
patients were selected for active surveillance according to
AUA guidelines [27]. As it has already been suggested in
the literature, Donovan et al. [28] demonstrated that GS
had a significant role in their predictive model construct-
ed on clinical data and features extracted from TURP tis-
sue specimens, given the high percentage of events (79%)
with GS >7. Furthermore there are no reports in the lit-
erature concerning these topics and further evaluations
and studies are needed to clarify this issue.
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A possible limitation of our survey is the relatively
higher incidence of PSM, probably due to the multicen-
tric typology of design of the study, including an elevated
number of surgeons from primary to tertiary surgical
centers. Indeed inclusion criteria were not set to include
divisions of urology in order to survey the national situa-
tion concerning RP. Our mean follow-up time was still
short to set out relevant data concerning biochemical and
disease-free outcomes. Furthermore, the prostate speci-
mens were not analyzed by the same pathologist, and
even if there are some definitions of PSM that are adopt-
ed as guidelines, PSM does not, in any case, merely de-
pend on the biology of the cancer or on surgical factors,
and it is also determined by adequate specimen handling
and accurate interpretation [13]. Thus, it is difficult to
compare our heterogeneous data with the literature which
is produced, in general, by individual divisions of urology
well focused on this subject.

Conclusions

The apex is the most frequent site of single PSM, while
lateral margins are frequently involved in multifocal
PSM. Clinical stage, biopsy GS and the number of both
overall and positive biopsy cores are the main risk factors
for PSM. RP after a previous TURP seems to be a safe
treatment for PCa, with an overall incidence of PSM sim-
ilar to those reported in men without previous TURP.
Nevertheless, TURP is associated with a higher risk of
PSM at the bladder neck and a lower risk at the prostatic
apex. Men treated with RP in incidental PCa (pT1la-b)
have a reduced prostate volume with a lower GS as com-
pared with those who underwent biopsy long after
TURP.
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