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Background: We analyzed the relationship between biochemical recurrence (BCR) and the status of
positive surgical margin (PSM) in patients with pT3a prostate cancer (PCa).
Materials and methods: Patients (n ¼ 150) who underwent radical prostatectomy for pT3a PCa without
nodal/distant metastasis were retrospectively reviewed between 2010 and 2013. The data regarding the
status of PSM including the number, length, and margin Gleason score were collected. The predictors of
BCR were analyzed using Cox regression hazard models. BCR-free survival was compared between the
patients with negative surgical margin (NSM) and with PSM using KaplaneMeier curves and log-rank
tests.
Results: PSM was noted in 74 patients (49.3%). Seventy-six patients (50.7%) had NSM and 38 pa-
tients (25.3%) had single PSM. Twenty patients (13.3%) had two PSMs and 16 patients (10.7%) had
�3 PSMs. In total patients, the multivariate analysis demonstrated that a pathological Gleason score
of �8 was significantly associated with BCR [hazard ratio (HR), 2.173; 95% confidence interval (CI),
1.244e3.797; P ¼ 0.038]. In patients with PSM, the number of PSM more than two was significantly
associated with BCR (HR, 2.723; 95% CI, 1.256e5.902; P ¼ 0.011). PSM length of �3 mm was also a
significant predictive factor (HR, 1.024; 95% CI, 0.994e1.055, P ¼ 0.042). Patients with the highest
margin Gleason score of �4 had poorer BCR-free survival than those with that of 3/no surgical
margin.
Conclusions: Number (more than one), length (�3 mm), and higher margin Gleason score (�4) of PSM
were significantly associated with an increased likelihood of BCR in patients with pT3a PCa.
© 2021 Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PCa) is the secondmost commonmalignancy in
men in western countries and has a high mortality rate [1,2]. Pa-
tients with biochemical recurrence (BCR) have a considerably
worse prognosis compared with those without BCR, and they often
develop distant metastasis and suffer a cancer-related death [3,4].
In previously published studies, various predictive factors of BCR,
such as preoperative prostate-specific antigen (PSA), pathologic
Gleason score (pGS), pathologic T stage (pT), the invasion of seminal
vesicles, and high percent tumor volume (PTV) have been reported
[5e7].
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It is also known that both extraprostatic extension (EPE) and
positive surgical margin (PSM) can offer prognostic information.
EPE usually increases BCR risk 1.5-fold over confined disease [8].
Furthermore, the reported incidence of a PSM in PCa is 8.8%e42%
(median, approximately 20%) [9]. Alkhateeb et al. reported that the
BCR-free survival rate of patients with PSMwas 79.9% and that PSM
was a significant predictive factor of BCR [10]. Other studies have
suggested that one may be a more important predictive factor than
the other; however, in most cases, it is challenging to distinguish
between them [11]. Some studies investigated the impact of PSM
status including length or Gleason score of PSM [12, 13], but they
did not comprehensively analyze the PSM status, especially in pT3
disease.

In this study, we evaluated the impact of a PSM status on BCR in
patients with pT3a PCa to demonstrate the predictive impact of
PSM status along with the extent of EPE. We investigated the
presence of PSM as well as the number, length, and margin Gleason
score (mGS) of PSM.
er B.V. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:teetee512@naver.com
mailto:lbj1986@hanmail.net
mailto:kyungys@amc.seoul.kr
mailto:cskim@amc.seoul.kr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prnil.2020.12.004&domain=pdf
www.sciencedirect.com/science/journal/22878882
http://www.journals.elsevier.com/prostate-international
https://doi.org/10.1016/j.prnil.2020.12.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.prnil.2020.12.004
https://doi.org/10.1016/j.prnil.2020.12.004


Table 1
Preoperative and postoperative patient characteristics.

Variables Total patients (n ¼ 150)

Age (y) 66.23 ± 6.96
Preoperative PSA (ng/ml) 13.45 ± 13.51
Prostate volume (ml) 32.63 ± 13.64
EPE width (mm) 9.41 ± 12.78
EPE depth (mm) 0.54 ± 1.164
Diabetic mellitus, n (%) 29 (19.3%)
Hypertension, n (%) 70 (46.7%)
Body mass index (kg/m2) 24.49 ± 2.49
Pathological Gleason score, n (%)
7� 106 (70.7%)
�8 44 (29.3%)

Percent tumor volume (%) (gm) 22.4 ± 17.80
Lymphovascular invasion, n (%) 34 (22.7%)
No. of PSM, n (%)
0 76 (50.7)
1 38 (25.3)
2 20 (13.3)
�3 16 (10.7)

Margin Gleason grade, n(%)
3 28 (18.7%)
4 or 5 46 (30.7%)

Length of PSM (mm) 4.69 ± 8.89
Biochemical recurrence, n (%) 53 (35.3%)
Operation method, n (%)
Open 69 (46.0%)
Robot 81 (54.0%)

Follow-up duration (mo) 41.46 ± 6.49

PSM, positive surgical margin; PSA, prostate-specific antigen.
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2. Materials and methods

In total, 645 patients who underwent open radical prostatec-
tomy (RP) or robot-assisted RP from February 2010 to December
2013 were retrospectively reviewed. Patients with nodal or distant
metastasis and those who had received neoadjuvant therapy were
excluded. Among the 645 patients, 150 had pT3a disease and
satisfied the inclusion criteria. BCR was defined according to the
National Comprehensive Cancer Network guidelines for PCa, which
include PSA persistence and recurrence [14]. Patient data, including
age, preoperative PSA, pGS, prostate volume, lymphovascular in-
vasion (LVI), and PTV were collected. In addition, information
regarding the PSM status, including the number, length, and mGS
was obtained. Regular follow-ups were conducted at 6-month in-
tervals. All prostatectomy specimens were coated with ink and
sectioned into 3e4 mm slices that were analyzed by a single
pathologist. PSMwas defined as a tumor that extends to the surface
of the prostate, for which surgeons cut across the tissue plane [1].
Samples with one positive slice were considered to have solitary
PSM and those with two or more positive sections obtained from
different locations of the prostatewere considered to havemultiple
PSMs. The extent of EPE was measured as per the width and depth
that indicated the tumor diameter beyond the normal confines of
the prostate as per the International Society of Urological Pathology
consensus recommendations [15].

We analyzed the clinicopathological factors using the Chi-
square test and an independent sample t-test. BCR-free survivals
between the patients with negative surgical margin (NSM) and
patients with PSM were analyzed using the log-rank tests and
KaplaneMeier method. Univariate and multivariate Cox propor-
tional hazard models were used to demonstrate the predictive
factors of BCR and hazard ratio (HR) of each significant factor. Pa-
tients were stratified based on pGS (�7 and�8), number of PSM (0,
1, 2, and�3), and length of PSM (<3 mm and�3mm). All statistical
tests were analyzed using the SPSS software package (version 22.0;
IBM, Armonk, NY).

The study protocol was approved by the Institutional Review
Board of the Asan Medical Center. The study design was in accor-
dance with the principles of the Declaration of Helsinki.

3. Results

The preoperative and postoperative characteristics of 150 pa-
tients with pT3a PCa in our cohort are summarized in Table 1. The
mean follow-up duration was 41.46 ± 6.49 months. Of all patients,
74 patients (49.3%) had PSM and BCR occurred in 53 patients
(35.3%). A total Gleason score of �8 was identified in 44 patients
(29.3%). Among all patients with PSM, 38 (25.3%) had solitary PSM,
20 patients (13.3%) had two PSMs, and 16 patients had more than
two PSMs. The mean length of PSM was 4.69 ± 8.89 mm. The
number of patients with mGS of 3 and �4 were 28 (18.7%) and 46
(30.7%), respectively.

The KaplaneMeier curves and log-rank tests were conducted to
demonstrate the BCR-free survival for multiple predictive factors.
Fig. 1 shows BCR-free survival according to the number of PSMs.
BCR-free survival varies significantly regarding the number of PSM
(NSM vs. 1 PSM, P¼ 0.035; NSM vs. 3 PSMs, P < 0.001; 1 PSM vs.�3
PSMs, P ¼ 0.002; and 2 PSMs vs. 3 PSMs, P ¼ 0.024), except for
patients with one PSM and two PSMs (P¼ 0.536), The patients with
one or two PSMs showed significantly poorer BCR-free survival
than patients with NSM and patients with more than two PSMs
showed worst prognosis regarding BCR-free survival. The mean
BCR-free survival period were 45.80 ± 1.73, 37.25 ± 2.99,
35.27 ± 4.11, and 19.99 ± 4.17 months, respectively. Patients who
had a PSM length of �3 mm had significantly shorter BCR-free
survival (Fig. 2; median, 25.742 vs. not reached, P < 0.001). Fig. 3
shows the BCR-free survival according to mGS. Patients with mGS
of 3 did not differ from those with NSM in terms of BCR-free sur-
vival (P ¼ 0.343). However, those with mGS of 4 or 5 had poorer
BCR-free survival than those with a score of 3 (P ¼ 0.010).

The results of the univariate and multivariate Cox proportional
hazard regression analyses for all patients are shown in Table 2. In
the univariate analysis, preoperative PSA (P ¼ 0.011), pGS
(P¼ 0.012), EPE width (P < 0.001), LVI (P < 0.001), and the presence
of PSM (P < 0.001) were significant predictors of BCR-free survival.
In the multivariate analysis, a higher pGS (�8) was significantly
associated with BCR-free survival [HR, 2.173; 95% confidence in-
terval (CI), 1.244e3.797; P ¼ 0.038]. In addition, LVI [HR, 2.033; 95%
CI,1.145e3.609; P¼ 0.015] and the presence of PSM [HR, 2.350; 95%
CI, 1.279e4.315; P ¼ 0.006] were also significant predictors of BCR-
free survival. The results of the univariate and multivariate Cox
proportional hazard regression analyses of BCR-free survival in
pT3a patients with PSM are shown in Table 3. In the univariate
analysis, EPE width (P ¼ 0.010), more than two PSMs (P ¼ 0.003),
length of PSM (P ¼ 0.017), and mGS (�4, P ¼ 0.013) were signifi-
cantly associated with BCR-free survival. In the multivariate anal-
ysis, more than two PSMs (HR, 2.723; 95% CI, 1.256e5.902;
P ¼ 0.011), mGS � 4 (HR, 2.356; 95% CI, 1.060e5.238; P ¼ 0.035),
and length of PSM�3 mmwas a significant predictive factor of BCR
(HR, 1.024; 95% CI, 0.994e1.055; P ¼ 0.042).

4. Discussion

There have been various reports of studies that have attempted
to identify predictive factors for BCR because BCR is significantly
related to distant metastasis and cancer-related death [16, 17].

The present results demonstrate a precise understanding
regarding the impact of PSM status on BCR in patients with pT3a
PCa. PCa with seminal vesicle invasion usually demonstrates BCR in
40%e60% of the patients [11]. This suggests that pT3b disease has
severe adverse effects on BCR and can mask the predictive impact



Fig. 1. BCR-free survival according to the number of PSM. BCR, biochemical recurrence; PSM, positive surgical margin.
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of PSM status on BCR. Therefore, we evaluated only pT3a patients in
this study.

Zhang L. et al demonstrated the result of a meta-analysis
showing that PSM is an independent prognostic factor of BCR
Fig. 2. BCR-free survival acc
[18]. Alkhateeb S. et al claimed that PSM is considered to be an
important factor in disease recurrence, and the reported incidences
of PSM after RP vary depending on several factors, including sur-
gical techniques, patient characteristics, and the use of different
ording to PSM length.



Fig. 3. BCR-free survival according to the margin grade.

Table 2
Univariate and multivariate Cox proportional hazard regression analyses for BCR-
free survival in pT3a patients.

Univariate Multivariate

P HR (95% CI) P

Age 0.634
Preoperative PSA (ng/ml) 0.011 1.011 (0.995e1.028) 0.177
Prostate volume 0.819
Diabetes mellitus 0.252
Hypertension 0.744
Body mass index 0.811
Pathologic Gleason score
�7 Ref. Ref. Ref.
�8 0.012 2.173 (1.244e3.797) 0.038

Lymphovascular invasion <0.001 2.033 (1.145e3.609) 0.015
EPE width <0.001 1.012 (0.992e1.032) 0.189
EPE depth 0.878
Resection margin
Negative Ref. Ref. Ref.
Positive <0.001 2.350 (1.279e4.315) 0.006

Percent tumor volume 0.731
Operation method (open vs. robot) 0.534

BCR, biochemical recurrence; CI, confidence interval; HR, hazard ratio; PSA, prostate
specific antigen, EPE, extraprostatic extension.

Prostate International 9 (2021) 151e156154
methods for pathological examinations [10]. Conversely, Ste-
phenson A.J. et al reported that PSM status, including location,
number, and extent, was not a significant predictive factor of BCR
after RP [19]. In addition, Srigley et al. reported that PSMmay result
from artifacts or an intraprostatic incision during the surgery [20].

Although many studies have shown different significance and
incidence of PSM after RP, they usually have indicated an increased
risk of BCR in the presence of PSM; this is validated by a greater
need for secondary treatment [10, 19, 21-23]. Some large multi-
institutional studies demonstrated that patients with PSM had
BCR at a rate two times higher than those with NSM, even after
adjusting for age, pGS, PSA, and pathologic stage [19, 24-26].
According to previous studies, the 5-year failure-free survival
was 48%e76% [27,28] in patients with pT3a PCa without PSM and
33%e55% [22,28e30] in those with both pT3a disease and PSM. The
10-year failure-free survival was 46%e90% and 20%e53%, respec-
tively, for these patients. These results demonstrate that the pres-
ence of PSM significantly increases disease recurrence. Our results
were similar to those of studies in which patients with both pT3a
PCa and PSM had a higher rate of BCR than those with pT3a PCa
without PSM [22,28] (50.0% vs. 21.1%; HR, 2.350; 95% CI,
1.279e4.315; P ¼ 0.006).

Along with the impact of the presence of PSM on BCR, we also
showed that the multiplicity, longer length, and the higher mGS of
PSM were the important predictive factors of BCR. The multiplicity
of PSM has previously been reported as a predictive factor for BCR
[6]. In our study, patients with two PSMs did not differ from pa-
tients with one PSM regarding BCR-free survival (P ¼ 0.492), but
patients with more than two PSMs had a significantly higher risk of
BCR (HR, 2.723; 95% CI, 1.256e5.902; P ¼ 0.011). The absence of
significant difference in BCR-free survival between patients with a
solitary PSM and those with two PSMs may be explained by the
relatively small number of patients included in our study.

In addition, we categorized patients with PSM into two groups
according to the PSM length (<3 mm and �3 mm) to verify the
impact of PSM length on BCR. The cut-off value of 3mmwas used in
this study based on several previous reports [7, 13]. Shikanov et al.
have reported that a PSM of �3 mm or multifocal PSMs can
contribute to BCR after RP [31]. In this study, Cox regression analysis
demonstrated that patients with a PSM of �3 mm had poorer BCR-
free survival (P ¼ 0.042).

Recently, the importance of the mGS of PSM as a predictive
factor for BCR has been also described by some physicians [12, 32].
Kates et al. have demonstrated that lower mGS at the site of PSM
were significantly associated with reduced risk of BCR [12]. We
demonstrated that patients with mGS of �4 had significantly



Table 3
Univariate and multivariate Cox proportional hazard regression analyses for
BCR-free survival in pT3a patients with PSM.

Univariate
analysis

Multivariate analysis

P HR (95% CI) P

Age 0.629
Baseline PSA 0.211
Prostate volume 0.420
Diabetes mellitus 0.479
Hypertension 0.726
Body mass index 0.800
pGS
�7 Ref.
�8 0.119

Lymphovascular invasion 0.121
EPE width 0.010 1.003 (0.978e1.028) 0.817
EPE depth 0.690
PSM status
No. of PSM
1 Ref. Ref. Ref.
2 0.750 1.324 (0.595e2.949) 0.492
�3 0.003 2.723 (1.256e5.902) 0.011

mGS
3 Ref. Ref. Ref.
�4 0.013 2.356 (1.060e5.238) 0.035

Length of PSM
<3 mm Ref. Ref. Ref.
�3 mm 0.015 1.024 (0.994e1.055) 0.008

Percent tumor volume 0.815
Operation method (open vs.
robot)

0.823

BCR, biochemical recurrence; CI, confidence interval; HR, hazard ratio; PSM,
positive surgical margin; PSA, prostate-specific antigen; pGS, pathologic Gleason
score; EPE, extraprostatic extension; mGS, margin Gleason score.
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poorer BCR-free survival than those with mGS of 3. In contrast,
patients with mGS of 3 exhibited no significant difference
regarding BCR-free survival compared with the patients with NSM.
These results suggest that pathologists should report mGS of PSM
to help predict the risk of BCR after RP and provide supportive in-
formation for the adjuvant therapy.

In our study, many confounding factors that attributed to BCR
were adjusted. We analyzed patients with pT3a PCa only who had
no distant or nodal metastasis; none of the patients received neo-
adjuvant therapy. Few studies have evaluated the PSM status in
only pT3a patients; therefore, the present results provide addi-
tional clinical information regarding the impact of PSM on BCR in
pT3a PCa. Furthermore, the artificial stretch injury that may be
misinterpreted as PSM was minimized because all the surgeries
were performed by two expert surgeons who had previously per-
formed >500 RPs. Therefore, the impact of PSM status in pT3a PCa
would have been revealed more clearly in this study than in other
studies.

The PSM status, including the number, length, and mGS were
significant predictors of BCR. The EPE width had the tendency to
predict BCR; however, the impact of the PSM status was more sig-
nificant. Our study results suggest the reporting of PSM status on the
pathological results because they could be predictive factors of BCR.
Adjuvant treatment should be considered if number of PSM more
than one, PSM length �3 mm, or mGS �4 in pT3a PCa patients.

In the Cox regression analysis, the pGS was a significant prog-
nostic factor of BCR in the total cohort, but did not show statistical
significance in patients with PSM. Thismight be due to two reasons.
First, the impact of the PSM status may have outweighed the
impact of pGS on BCR. Second, the relatively small number of pa-
tients may have made the results statistically insignificant.
Regardless of these results, it is clear that the increased number of
PSM is an important predictive factor of BCR. Along with the PSM
status, LVI was significantly related to BCR-free survival. In the
previous studies, the presence of LVI demonstrated a significant
predictive effect regarding BCR in patients with localized PCa [33-
35]. Our study results on LVI showed similar results to those of
other studies with an HR of 2.033 (95% CI, 1.145e3.609; P ¼ 0.015).

According to one meta-analysis about the accuracy of magnetic
resonance imaging (MRI) for local staging of PCa, the sensitivity and
specificity regarding the detection of EPE were 0.57 (95% CI,
0.49e0.64) and 0.91 (95% CI, 0.88e0.93), respectively [36]. These
results suggest that more than half of EPE could be predicted by
MRI. Therefore, as the PSM status has been proved as a significant
adverse pathological feature in our study and several other studies,
surgeons should be aware of not making PSM during the surgery in
patients with suspicious EPE on MRI by more wide and precise
excision of the prostate.

This study has several limitations. Firstly, this study was retro-
spective in nature and was based on medical records; thus, a po-
tential inherent bias may exist. Second, the follow-up duration was
relatively short. Third, the sample size was relatively small. Thus,
we recommend that further studies including a larger sample size
with a longer follow-up duration should be conducted to verify our
results.

Despite the limitations of this study, it has revealed the impact
of PSM status more precisely than previous studies, and the sample
size is reasonable, considering that this was a single-center study.

5. Conclusions

The PSM number of more than two, PSM length of 3 mm or
longer, and the mGS 4 or 5 were significantly associated with an
increased risk of BCR in pT3a PCa patients. When EPE is suspicious
before surgery, it must be done carefully to minimize the occur-
rence of PSM. When both EPE and PSM are encountered after the
surgery, the precise PSM status should be carefully examined and
patients should be considered for early secondary treatment.
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