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Abstract

Background Evaluation of the effect of additional surgical margin parameters on biochemical recurrence (BCR)
in patients with positive surgical margins (PSM) after radical prostatectomy (RP).

Methods Clinicopathological and outcome data from 91 patients with PSM who underwent RP were retrospec-
tively analyzed. Additional surgical margin parameters (PSM length, highest Gleason grade (GG), localization of PSM
(apex, bladder neck, or posterolateral), and unifocality or multifocality) were examined and their effects on BCR were
investigated.

Results Fifty patients with PSM were included in the study. The mean age of the patients was 63.6+6.9 years. The
laparoscopic approach was undertaken more frequently, used for 36 (72%) patients compared to open RP performed
in 14 cases (28%). The median follow-up time was 57.0 months (24.0-125.0 months). BCR developed in 14 (28%)
patients during the follow-up period. Although mean BCR-free survival was shorter in cases with PSM length >3 mm
compared to those with PSM length <3 mm (90.4 vs. 108.2 months), multifocality compared to those with unifocality
(62 vs. 97.4 months) and surgical margin GG >4 compared to those with GG 3 (87.4 vs. 97.5 months), the differences
were not statistically significant (p=0.251, p=0.509 and p=0.317, respectively). In addition, none of the PSM localiza-
tions affected BCR-free survival (p=0.619). In univariate Cox regression analysis, PSM length affected BCR at a level
close to statistical significance (HR=1.16; p=0.052). In multiple Cox regression analysis, main tumor Gleason score
was determined to be a risk factor associated with BCR (HR=4.75; p=0.041).

Conclusions Although BCR-free survival was shortened in the presence of poor prognostic features (multifocal PSM,
PSM length =3 mm, surgical margin GG >4) at the surgical margin, none of these parameters affected BCR at a statisti-
cally significant level. Gleason score of the main tumor was found to be a better prognostic factor for BCR.
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1 Background

Radical prostatectomy (RP) is the gold standard treat-
ment for localized prostate cancer [1]. After RP, biochem-
ical recurrence (BCR) develops in 16-31% of patients
within 5 years, and in 25-53% of patients within 10 years
[2—-4]. BCR occurs before clinical and metastatic progres-
sion. Studies reported that BCR is associated with pre-
operative PSA level, postoperative Gleason score (GS),
pathological tumor stage, and positive surgical margins
(PSM) [5, 6].

The presence of PSM has been reported in 11-38% of
patients undergoing RP [7]. PSM is associated with clini-
cal progression and was linked with poor cancer-specific
survival [8]. Boorjian et al. reported that although the
presence of PSM increases the risk of BCR and local
recurrence, it does not affect cancer-specific survival and
overall mortality with appropriate salvage treatment [9].
Therefore, it is important to identify those at high risk
of early BCR among patients with PSM. Since patients
with PSM are a heterogeneous group and not all of them
develop BCR during follow-up, it is necessary to divide
them into subgroups according to surgical margin (SM)
characteristics and investigate their relationship with
oncological outcomes. The relationship between addi-
tional SM parameters and oncological outcomes has not
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been adequately investigated, and it is controversial as to
whether adjuvant treatment is necessary in PSM patients
[10]. It was reported that GS in PSM is associated with
BCR, but the relationships between PSM length, locali-
zation, and multifocality status and BCR have not been
fully elucidated [11-15]. Therefore, we aimed to evalu-
ate the factors associated with BCR in PSM patients and
the effect of additional SM parameters (unifocal/multifo-
cal PSM, SM length, and highest Gleason Grade (GG) at
PSM) on BCR.

2 Methods
Data from 421 patients who underwent RP were exam-
ined retrospectively. Ninety-one patients with PSM (pT2,
pT3, Nx, NO, N1) were identified. Exclusion criteria and
numbers of excluded patients are schematized in Fig. 1.
The minimum postoperative follow-up period was two
years. The clinical data examined for patients included
age, preoperative prostate-specific antigen (PSA) level,
surgery method (open or laparoscopic), postoperative fol-
low-up time, and BCR. The pathological data examined
are as follows: pathological tumor stage after RP, tumor
volume, presence of perineural invasion (PNI), lymph
node involvement (LNI), and additional SM parameters
(PSM localization, number, length, and highest GG).
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Fig. 1 Flow diagram for the study. PSA: prostate-specific antigen
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Table 1 Comparison of the demographic, clinical, and PSM
characteristics according to BCR group

BCR(-)n=36 BCR(+)n=14 p

Age (years) 64.2+6.7 619+74 0.286
PSA, ng/dl 8.0(2.0-33.0) 9.0 (6.0-22.0) 0.368
Pathological tumor stage, n 0.538
(%)
T2 23 (63.9) 8(57.1)
T3a 9(25) 4(28.6)
T3b 4(11.1) 2(14.3)
Tumor volume, (cc) 3.6(05-16.0) 3.2(1.0-70.0) 0.656
Surgical approach, n (%) 0314
LRP 28(77.8) 8(57.1)
ORP 8(22.2) (42.9)
PSM length, n (%) 0.295
<3mm 12(333) 2(14.3)
>3 mm 24 (66.7) 12 (85.7)
PSM focality, n (%) 0.670
Unifocal 31(86.1) 11(78.6)
Multifocal 5(13.9 3(214)
SMGG, n (%) 0511
3 25 (69.4) 8(57.1)
>4 11 (30.6) (42.9)
PSM localization, n (%) 0.619
Apex 9(25) 3(214)
Posterolateral 18 (50) 8(57.2)
Bladder neck 4(11.1)
Multifocal 5(13.9) 3(214)

BCR Biochemical Recurrence, PSA Prostate Specific Antigen, LRP Laparoscopic
Radical Prostatectomy, ORP Open Radical Prostatectomy, PSM Positive Surgical
Margin, SMGG Surgical Margin Gleason Grade

Within the scope of this study, the pathological speci-
mens from patients were re-examined by a uropatholo-
gist, and additional SM parameters not specified in
previous pathology reports were recorded. All operations
were performed using the open or transperitoneal lapa-
roscopic method by three surgeons experienced in the
field of uro-oncology. Extended lymph node dissection
was performed in patients with preoperative indications.

3 Study outcome

The primary endpoint of the study was determined as the
effect of additional SM parameters on BCR, and the sec-
ondary endpoint was determined as the factors affecting
BCR. BCR was defined as PSA measurement>0.2 ng/ml
in two consecutive measurements during the postopera-
tive follow-up.

Page 3 of 9

4 Follow-up

Patients were called for follow-up every 3 months in
the first 2 years, every 6 months in the next 3 years, and
annually thereafter. When relapse was considered in
patients evaluated with PSA measurement, conventional
imaging methods (such as bone scintigraphy, computed
tomography, and magnetic resonance imaging) were used
until 5 years before the study, while evaluation was per-
formed with prostate specific membrane antigen posi-
tron emission tomography in the last 5 years.

5 Ethics approval

The study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki and additional
approval was obtained from the local ethics committee
(number of meeting: 125; number of decision: 82).

6 Pathological examination
Hematoxylin—eosin—stained preparations of the RP
materials from the cases were accessed from the pathol-
ogy archive of our hospital. GGs were reviewed by a sin-
gle uropathologist according to the latest World Health
Organization classification. In patients with PSM, SM
length, highest GG, localization of PSM (apex, bladder
neck, posterolateral), and unifocality/multifocality were
examined. The steps of the pathological examination can
be summarized as follows; at the end of RP, the prostate
tissues were fixed in 10% formalin solution for 24—48 h
without losing their integrity, and after fixation, the right
half was identified with green tissue dye while the left
half used black tissue dye. After the prostate tissues, duc-
tus deferens SMs, and seminal vesicles were sampled, all
areas from the apex to the base were mapped, the blocks
were prepared, and subjected to routine follow-up. In the
routine follow-up, prostate tissues were soaked in alco-
hol, xylol, and paraffin solutions, embedded in paraffin,
and then the tissues were cut into 4-micron thin sections
and stained with routine hematoxylin—eosin stain. The
preparations were evaluated by light microscopy (using
an Olympus microscope).

7 Statistical analysis

Categorical variables are expressed as numbers and per-
centages, whereas continuous variables are summarized
as mean and standard deviation and as median and mini-
mum-maximum, where appropriate. The chi-square test
was used to compare categorical variables between the
groups. For comparison of continuous variables between
the two groups, the Student’s t-test or Mann—Whitney
U test was used depending on whether the statistical
hypotheses were fulfilled. BCR-free survival was cal-
culated by the Kaplan—Meier method and the log rank
test was performed. Cox proportional hazard regression
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Fig. 2 BCR-free survival according to PSM length. BCR: biochemical recurrence, PSM: positive surgical margins

analysis was performed to determine significant predic-
tors of BCR. In univariate analysis, variables significant at
the p<0.25 level were entered into multiple Cox regres-
sion analysis (backward procedure, Wald method). All
analyses were performed using the IBM SPSS Statistics
version 20.0 statistical software package. The statistical
significance level for all tests was set at p <0.05.

8 Results

Fifty patients with PSM were included in the study. The
mean age of the patients was 63.6+6.9 years. The lapa-
roscopic approach was undertaken more frequently in 36
(72%) patients than open RP performed in 14 cases (28%).
Altogether, 31 (62%) patients had localized disease. In
this study, 9 (18%) of the patients had PNI and 7 (14%)
had LNIL RP GS was>8 in 5 (10%) patients. The median
follow-up time was 57.0 months (24.0-125.0 months).
BCR developed in 14 (28%) patients during the follow-up
period.

Although the incidence of PSM length>3 mm, mul-
tifocal tumor and surgical margin GG >4 was high in
BCR patients, the results were not statistically signifi-
cant (p=0.295, p=0.670 and p=0.511, respectively).

The tumor was located posterolaterally in 26 (52%) of
the patients. There was no difference between the groups
in terms of PSM localizations (p=0.619). Comparison
of the demographic, clinical, and PSM characteristics
according to the BCR groups is presented in Table 1.

Although mean BCR-free survival was shorter in
cases with SM length>3 mm compared to those with
SM length <3 mm (90.4 vs. 108.2 months), multifocality
compared to those with unifocality (62 vs. 97.4 months)
and surgical margin GG >4 compared to those with GG
3 (87.4 vs. 97.5 months), the differences were not sta-
tistically significant (Fig. 2; p=0.251, Fig. 3; p=0.509
and Fig. 4; p=0.317, respectively) (Table 2). In addition,
none of the PSM localizations affected BCR-free survival
(Fig. 5; p=0.619) (Table 2).

In univariate Cox regression analysis, PSM length
affected BCR at a level close to statistical significance
(HR=1.16, 95%CI=0.99-1.35; p=0.052). Other addi-
tional surgical margin parameters did not affect BCR.
Tumor volume had a statistically significant effect on
BCR in univariate Cox regression analysis (HR=1.05,
95% CI=1.01-1.09; p=0.008), but this effect was
not significant in multiple Cox regression analysis. In
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Fig. 3 BCR-free survival according to PSM focality

multiple Cox regression analysis, RP GS was determined
to be the only significant risk factor associated with BCR
(HR=4.75, 95% CI=1.026-21.3; p=0.041) (Table 3).

9 Discussion

Various pathological variables, such as the location and
extent of PSM, were suggested to be possible prognostic
factors in patients with PSM, and routine evaluation of
these factors in RP specimens was recommended at the
recent International Society of Urological Pathology con-
sensus meeting [16]. By including only PSM patients, we
aimed to identify factors that could predict BCR. How-
ever, in this study, statistical analysis showed that these
parameters did not significantly affect BCR. We found
that GS in the main tumor was a prognostic factor for
BCR.

Studies showed that GS of the main tumor does not
have a significant effect on BCR in PSM patients [17,
18]. Furthermore, RP GS>8 was found to be signifi-
cantly associated with BCR in other studies [11, 19]. Due
to these uncertainties about the effect of GS in the main
tumor on BCR in PSM patients, studies predicted that
GS in PSM may be a better predictive factor [16, 20]. Cao
et al. found that GS in both PSM and the main tumor

were predictive of BCR [21]. In their study with 112 PSM
patients, Kurose et al. found that GS of the main tumor
was not predictive, and GS in PSM was a predictive fac-
tor for BCR [12]. In this study, main tumor GS was found
to be predictive of BCR.

Bladder neck SM consists of bladder muscle bundles.
PSM with this localization is usually associated with
extraprostatic spread of the tumor from the base of the
prostate [22]. Since the posterolateral part of the pros-
tate is close to the neurovascular bundle, PSM can be
seen during nerve-sparing surgery [22]. Apical PSM is
one of the most common localizations [22—24]. Eastham
et al. reported that BCR is greatly affected by the spe-
cific location of PSM, and that the posterolateral region
is at highest risk for relapse [25]. Contrary to this, Aydin
et al. reported an increased risk of BCR in cases with
bladder neck PSM [26]. Few studies have reported that
PSM localization does not affect BCR [22-24, 27]. In this
study, none of the PSM localizations were found to be
associated with BCR.

Obek et al. reported that the recurrence rate was 43%
in patients with multifocal PSM and 24% in patients with
unifocal PSM with a mean follow-up of 25 months [28].
They also stated that patients with two or more PSMs
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Fig. 4 BCR-free survival according to PSM Gleason grade

Table 2 Association of additional surgical margin parameters

with BCR-free survival

Total number of BCR-free survival P
patients/number of mean/median
events
Length 0.251
<3mm 14/2 108.2/-
>3 mm 36/12 90.4/-
Focality 0.509
Unifocal 42/11 97.4/-
Multifocal 8/3 62.0/70.0
GG 0317
3 33/8 97.5/-
>4 17/6 87.4/-
Localization 0619
Apex 12/3

Posterolat-  26/8
eral

Bladder 4/0
neck

Multifocal 8/3

BCR Biochemical Recurrence, GG Gleason Grade

were 2.5 times more likely to relapse in a short time [28].
Sofer et al. reported that BCR was higher in those with
multifocal PSM [27]. In this study, the presence of multi-
focal tumor in PSM was not associated with BCR.

In some studies, PSM length of >3 mm was found to
be a predictive factor for BCR [29, 30]. In this study, PSM
length did not affect BCR at a statistically significant
level.

Although PSM was found to be associated with an
increased risk of BCR, its clinical impact on overall sur-
vival and cancer-specific survival remains controversial
[31]. Specific subgroups have a higher risk for metasta-
sis and prostate cancer-related mortality (especially those
with stage T3b, surgical margin GG 4/5 and those who
develop BCR in the first 3 years) [32].

The limitations of the present study are that it was ret-
rospective, single-center, had a short follow-up period,
and included a small number of patients.

10 Conclusion

Although BCR-free survival was shortened in the pres-
ence of poor prognostic features (multifocal PSM, PSM
length>3 mm, surgical margin GG>4) at the surgi-
cal margin, none of these parameters affected BCR at a
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Table 3 Univariate and multivariate analysis of potential factors for BCR

Univariate Multivariate

HR (95% Cl) P HR (95% CI) P
Age 0.95 (0.87-1.03) 0.246 0.95 (0.86-1.04) 0.268
PSA 1.03(0.97-1.12) 0.304
Surgical method (ORP) 0.98 (0.33-2.96) 0.979
RP GS (=8) 437 (1.37-14.02) 0.013 475 (1.026-21.3) 0.041
Pathological tumor stage (=T3a) 1.59 (0.55-4.61) 0.394
Tumor volume 1.05 (1.01-1.09) 0.008
Tumor focality (multifocal) 1.53 (0.43-5.54) 0513
PSM length 1.16 (0.99-1.35) 0.052
SMGG (> 4) 1.71(0.59-4.93) 0324

BCR Biochemical Recurrence, HR Hazard Ratio, C/ Confidence Interval, PSA Prostate Specific Antigen, ORP Open Radical Prostatectomy, RP Radical Prostatectomy, GS
Gleason Score, PSM Positive Surgical Margin, SMGG Surgical Margin Gleason Grade

statistically significant level. Gleason score in the main  Abbreviations

tumor was found to be more prognostic factor for BCR. ~ 5CR  Biochemical recurrence
GG Gleason grade

To further investigate the relationship between additional ¢G5 Gleason score
SM parameters and BCR, multicenter studies with more LNl Lymph node involvement

patients and long follow-up periods are recommended. PNI* Perineural invasion
PSA  Prostate specific antigen
PSM  Positive surgical margins

RP Radical prostatectomy
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