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Purpose: The objective was to study whether positive surgical margins (PSMs) predict 
biochemical recurrence (BCR) in all patients without adjuvant therapy after radical 
prostatectomy (RP).
Materials and Methods: We retrospectively reviewed the medical records of patients 
who underwent RP for prostate cancer at Veterans Health Service Medical Center from 
2005 to 2011. BCR was defined by a prostate-specific antigen (PSA) value ≥0.2 ng/mL. 
The clinicopathological factors of the PSM group were compared with those of the neg-
ative surgical margin (NSM) group, and the predictive impact of a PSM for BCR-free 
survival were evaluated. In addition, we analyzed the prognostic difference for 
BCR-free survival between solitary and multiple PSMs.
Results: A PSM was noted in 167 patients (45.5%). BCR was reported in 101 men in 
total (27.5%). The BCR-free survival rate of the PSM group was lower than that of the 
NSM group (p＜0.001). In a multivariate analysis for the total patients, PSM was sig-
nificantly associated with BCR-free survival (p＜0.001). After stratification by patho-
logical T stage, Gleason score (GS), and preoperative PSA value, PSM was significantly 
predictive for BCR-free survival in men with pT2 and/or GS ≤6 or 7 and/or a PSA value 
＜10 or 10–20 ng/mL (all p＜0.05). Multiple PSMs were more predictive of BCR-free 
survival than was a solitary PSM (p=0.001).
Conclusions: A PSM is a significant predictor of postoperative BCR in patients with 
pT2 and/or GS ≤7 and/or preoperative PSA ＜20 ng/mL. Multiple PSMs are considered 
a stronger prognostic factor for prediction of BCR than is a solitary PSM.
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INTRODUCTION

In Korea, prostate cancer (PCa) is the fifth most common 
malignancy in men and the incidence has been rising stead-
ily [1]. Therefore, the choice of proper treatment of PCa is 
very important.

Radical prostatectomy (RP) is a reasonable treatment 
option for patients with localized PCa and for selected pa-
tients with locally advanced PCa [2-4].

In previously published studies, which reported various 
outcomes, a high preoperative prostate-specific antigen 
(PSA) level, a high Gleason score (GS), high pathological 
stage, seminal vesicle invasion, large tumor volume, or pos-

itive surgical margin (PSM) could predict disease re-
currence after RP [5-11]. However, not all patients with 
these predictive factors experience disease recurrence. 
Therefore, most urologists are concerned about whether 
adjuvant treatment is needed after RP.

A PSM is a relatively frequent finding in pathological re-
ports following RP, and the incidence of PSMs ranges from 
10% to 60% despite meticulous surgical technique [10-15]. 
Most investigators define a PSM as extension of the tumor 
to the inked cut surface of the resected specimen [16]. 
Therefore, a PSM may suggest the presence of residual tu-
mor cells in the surgical bed, implying that local treatment 
with surgery has failed. Until recently, however, the im-
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TABLE 1. Clinicopathological factors in the NSM and PSM groups

                   Variable NSM group (n=200) PSM group (n=167) p-value

Age (y) 67.8±5.3 67.9±5.7 0.860
Preoperative PSA (ng/mL)   8.4±6.4 11.2±10.4 0.002
Prostate weight (g) 44.6±16.0 37.0±11.5 ＜0.001
No. of pathological T stage ＜0.001
    pT2 169 (84.5)   88 (52.7)
    pT3a–b   25 (12.5)   50 (29.9)
    pT3c     6 (3.0)   29 (17.4)
No. of pathological Gleason score ＜0.001
    ≤6   69 (34.5)   30 (18.1)
    7 122 (61.0) 117 (70.5)
    ≥8     9 (4.5)   19 (11.4)
No. of biochemical recurrence ＜0.001
    Negative 178 (89.0)   88 (52.7)
    Positive   22 (11.0)   79 (47.3)

Values are presented as mean±standard deviation or number (%).
NSM, negative surgical margin; PSM, positive surgical margin; PSA, prostate-specific antigen.

pact of a PSM on oncologic outcomes, especially bio-
chemical recurrence (BCR), was not clear.

Thus, we investigated whether a PSM predicts BCR in 
patients who did not receive adjuvant therapy before BCR. 
We also analyzed the impact of a PSM on the risk of BCR, 
stratifying patients by clinicopathological factors. In addi-
tion, we analyzed the prognostic difference for BCR-free 
survival between subgroups with a PSM at a single site or 
at two or more sites.

MATERIALS AND METHODS

1. Patient selection and follow-up
We retrospectively reviewed the medical records of pa-
tients who underwent RP for PCa at Veterans Health 
Service Medical Center from 2005 to 2011. All patients un-
derwent RP by an open retropubic approach. Low-risk pa-
tients (clinical T1c or T2a stage; GS, 6; and PSA, ＜10 
ng/mL) underwent the conventional nerve-sparing 
procedure. The men who had received neoadjuvant ther-
apy or adjuvant therapy before an appearance of BCR were 
excluded from the analyses. All RP specimens were coated 
with ink, sectioned at 3–4 mm intervals, analyzed by a sin-
gle pathologist, and processed by using the Stanford 
technique. When at least 1 cell of PCa extended to the 
ink-coated surface, the resection margin was considered 
positive. The patients were followed for more than 1 year 
postoperatively. Finally, 367 patients were included in our 
analyses. Follow-up visits were scheduled at 1 and 3 
months after RP and then at 3-month intervals. BCR was 
defined by a serum PSA value ≥0.2 ng/mL.

2. Patient grouping and statistical analysis
Clinical data (age, preoperative PSA value, prostate 
weight, and BCR status) and pathological data (pathologi-
cal T stage, pathological GS, and surgical margin status) 
were collected in our database. The patients were divided 

into two groups that were stratified by surgical margin sta-
tus: the PSM group and the negative surgical margin 
(NSM) group. The clinicopathological factors of the PSM 
group were compared with those of the NSM group by use 
of independent sample t-tests and chi-square analysis. The 
BCR-free survival rates of the two groups were estimated 
by Kaplan-Meier survival analysis, and the survival 
curves were compared by the log-rank test. The predictive 
impact of a PSM for BCR-free survival of the total patients 
was evaluated by use of multivariate Cox proportional haz-
ard regression models. These multivariate Cox analyses 
were also performed for subgroups stratified by patho-
logical T stage (pT2, pT3a–b, and pT3c), GS (≤6, 7, and ≥8), 
and preoperative PSA level (＜10, 10–20, and ≥20 ng/mL). 
In addition, the PSM group was separated into subgroups 
of a solitary (single site) PSM and multiple (two or more 
sites) PSMs. The clinicopathological factors of the two 
groups were compared and the BCR-free survival curves 
were made by the above-mentioned methods. Also, we ana-
lyzed the prognostic difference in BCR-free survival be-
tween the solitary and multiple PSM groups by using the 
multivariate Cox model. All statistical tests were per-
formed by using the IBM SPSS ver. 19.0 (IBM Co., Armonk, 
NY, USA). A p-value of ＜0.05 was considered statistically 
significant.

RESULTS

Among a total of 367 patients, 167 patients (45.5%) had 
PSMs. BCR was reported in 101 men in total (27.5%). The 
median follow-up period was 22 months (interquartile 
range [IQR], 8 to 41). The patients in the PSM group had 
a higher preoperative PSA value (p=0.002), pathological T 
stage (p＜0.001), GS (p＜0.001), and BCR rate (47.3% vs. 
11.0% in the PSM and NSM groups, respectively; p＜0.001) 
and lower prostate weight (p＜0.001) than did the patients 
in the NSM group (Table 1).
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TABLE 2. Multivariate analyses for the prediction of biochemical recurrence-free survival by Cox proportional hazard regression 
models

Hazard ratio 95% CI p-value

Multivariate analysis in total patients
    Agea 1.01 0.97–1.04 0.622
    Preoperative PSAa 1.04 1.02–1.05 ＜0.001
    Prostate weighta 0.97 0.95–0.98 ＜0.001
    Pathological T stage (pT3)b 1.48 0.96–2.30 0.077
    Pathological Gleason score (≥8)b 2.03 1.14–3.59 0.016
    PSMb 3.48 2.10–5.75 ＜0.001
Multivariate analysis according to pathological T stage
    PSM in patients with stage pT2 (n=257, 210/47)c 3.81 1.99–7.28 ＜0.001
    PSM in patients with stage pT3a–b (n=75, 45/30) 2.18 0.86–5.53 0.102
    PSM in patients with stage pT3c (n=35, 11/24) 5.30 0.64–43.64 0.121
(Adjusted for age, preoperative PSA, prostate weight, pathological Gleason score)
Multivariate analysis according to pathological Gleason score
    PSM in patients with Gleason score ≤6 (n=99) (84/15) 5.46 1.50–19.88 0.010
    PSM in patients with Gleason score 7 (n=239) (171/68) 3.50 1.95–6.28 ＜0.001
    PSM in patients with Gleason score ≥8 (n=28) (11/17) 4.14 0.47–36.55 0.201
(Adjusted for age, preoperative PSA, prostate weight, pathological T stage)
Multivariate analysis according to preoperative PSA
    PSM in patients with PSA ＜10 ng/mL (n=264, 205/59) 4.29 2.27–8.08 ＜0.001
    PSM in patients with PSA 10–20 ng/mL (n=72, 49/23) 3.13 1.10–8.89 0.033
    PSM in patients with PSA ≥20 ng/mL (n=29, 12/17) 1.03 0.16–6.76 0.973
(Adjusted for age, prostate weight, pathological T stage, pathological Gleason score)

CI, confidence interval; PSA, prostate-specific antigen; PSM, positive surgical margin.
a:Age, preoperative PSA, and prostate weight are continuous variables. b:Pathological T stage, pathological Gleason score, and surgical 
margin are categorical variables (referent categories : pT2, ≤7, and negative finding, respectively). c:(A/B): A is the number of patients 
without biochemical recurrence and B is the number of patients with biochemical recurrence.

FIG. 1. Biochemical recurrence-free survival curve stratified by 
the surgical margin status (NSM group vs. PSM group). NSM, 
negative surgical margin; PSM, positive surgical margin; SE, 
standard error.

Kaplan-Meier survival analysis with log-rank test 
showed that the estimated values of mean (±standard er-
ror) time for BCR-free survival were 82.3 (±2.6) months in 
the NSM group and 45.2 (±3.4) months in the PSM group, 
and the BCR-free survival rates were significantly differ-
ent between the two groups (p＜0.001) (Fig. 1).

In the multivariate Cox proportional hazard regression 

for total patients, a PSM was significantly associated with 
BCR-free survival (hazard ratio [HR], 3.48; p＜0.001). In 
the multivariate analyses performed after stratification by 
pathological T stage (pT2, pT3a–b, and pT3c), GS (≤6, 7, 
and ≥8), and preoperative PSA level (＜10, 10–20, and ≥20 
ng/mL), a PSM was significantly predictive for BCR-free 
survival in men with pT2 (HR, 3.81; p＜0.001) and/or GS 
≤6 (HR, 5.46; p=0.010) or 7 (HR, 3.50; p＜0.001) and/or 
PSA value ＜10 (HR, 4.29; p＜0.001) or 10–20 ng/mL (HR, 
3.13; p=0.033). However, in the analyses of other stratified 
groups, such as the patients with pT3, GS ≥8, and pre-
operative PSA value ≥20 ng/mL, PSM was not a statisti-
cally significant predictor of BCR-free survival (all p＞
0.05) (Table 2).

In a further analysis according to the number of PSMs, 
among a total of 167 patients with PSMs, a solitary PSM 
and multiple PSMs were noted in 105 and 62 patients, 
respectively. The group with multiple PSMs had a higher 
preoperative PSA value (p=0.017), pathological T stage 
(p=0.013), GS (p=0.018), and BCR rate (66.1% vs. 36.2% in 
the groups with multiple and a solitary PSM, respectively; 
p＜0.001) than did the solitary PSM group (Table 3). The 
estimated values of mean (±standard error) time for 
BCR-free survival were 55.6 (±4.2) months in the solitary 
PSM group and 23.7 (±4.4) months in the multiple PSM 
group, and the difference in BCR-free survival rates be-
tween the two groups was statistically significant (p＜0.001) 
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TABLE 3. Clinicopathological factors of the solitary PSM group and multiple PSMs group

                   Variable Solitary PSM group (n=105) Multiple PSMs group (n=62) p-value

Age (y) 67.7±5.7 68.1±5.8 0.727
Preoperative PSA (ng/mL)   9.4±5.5 14.4±15.2 0.017
Prostate weight (g) 37.1±12.9 36.9±8.6 0.915
No. of pathological T stage 0.013
    pT2   64 (61.0)   24 (38.7)
    pT3a–b   28 (26.7)   22 (35.5)
    pT3c   13 (12.4)   16 (25.8)
No. of pathological Gleason score 0.018
    ≤6   23 (21.9)     7 (11.5)
    7   75 (71.4)   42 (68.9)
    ≥8     7 (6.7)   12 (19.7)
No. of biochemical recurrence ＜0.001
    Negative   67 (63.8)   21 (33.9)
    Positive   38 (36.2)   41 (66.1)

Values are presented as mean±standard deviation or number (%).
Solitary PSM, positive surgical margin on a single site; Multiple PSMs, positive surgical margins on two or more sites; PSA, prostate-spe-
cific antigen.

FIG. 2. Biochemical recurrence-free survival curve stratified by 
the surgical margin status (solitary PSM group vs. multiple 
PSMs group). Solitary PSM, positive surgical margin on a single 
site; Multiple PSMs, positive surgical margins on two or more 
sites; SE, standard error.

TABLE 4. Multivariate analysis for the prediction of biochemical 
recurrence-free survival by Cox regression models (solitary 
PSM group and multiple PSMs group, n=167)

Hazard 
               Variable 95% CI p-value

ratio

Agea 1.02 0.98–1.06 0.451
Preoperative PSAa 1.02 1.01–1.04 0.011
Prostate weighta 0.97 0.95–0.99 0.011
Pathological T stage (pT3)b 1.35 0.83–2.21 0.229
Pathological Gleason score (≥8)b 1.73 0.94–3.19 0.076
Multiple PSMsb 2.32 1.43–3.75 0.001

Solitary PSM, positive surgical margin on a single site; Multiple 
PSMs, positive surgical margins on two or more sites; CI, con-
fidence interval; PSA, prostate-specific antigen.
a:Age, preoperative PSA, and prostate weight are continuous 
variables. b:Pathological T stage, pathological Gleason score, and 
surgical margin are categorical variables (referent categories: 
pT2, ≤7, and 1 PSM, respectively).

(Fig. 2). In a multivariate Cox proportional hazard re-
gression for patients with PSMs, multiple PSMs showed 
significance for prediction for BCR-free survival (HR, 2.32; 
p=0.001) (Table 4).

DISCUSSION

PSMs can result from inadvertent capsular incision into 
otherwise organ-confined tumors and artifacts induced by 
tissue processing as well as by failure to excise extrapro-
static extensions of PCa [16-18]. Previous studies have 
shown that the incidence of PSMs ranges from 10% to 60% 
even though surgeons performed RP carefully [10-15]. Our 
data showed that a PSM was noted in 45.5% of cases, and 

this result is comparable to previous data.
The impact of a PSM on disease recurrence after RP re-

mains controversial. Most previous studies found that a 
PSM was a prognostic parameter for postoperative BCR or 
disease progression of PCa [5,10-12,14,15,17,19]. In con-
trast with the above studies, several other studies demon-
strated that a PSM was not associated with BCR or disease 
progression [20,21]. In our study, BCR was reported in 
27.5% of the patients in total and the BCR rate of the PSM 
group (47.3%) was higher than that of the NSM group 
(11.0%). Furthermore, the mean time for BCR-free surviv-
al was shorter in the PSM group (45.2±3.4 months) than 
in the NSM group (82.3±2.6 months, p＜0.001) in the 
Kaplan-Meier survival analysis with log-rank test. A PSM 
was significantly associated with BCR-free survival (HR, 
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3.48; p＜0.001) in the multivariate Cox proportional haz-
ard regression models.

Generally, the fact that a PSM is an independent pre-
dictive factor for postoperative BCR means that immediate 
adjuvant or early salvage treatment is needed after RP. 
However, there is a dilemma about selecting optimal pa-
tients who need adjuvant or salvage treatment because the 
prognostic value of PSMs can vary according to the clin-
icopathological factors. In addition, many, if not most, pa-
tients with PSMs never experience BCR; thus, adjuvant or 
salvage treatment will probably result in overtreatment.

Corcoran et al. [10] examined the impact of PSMs on the 
risk of BCR stratified by the risk of occult metastatic dis-
ease (low risk [PSA, ＜10 ng/mL; pT2 stage; and GS, ≤6], 
intermediate risk [PSA, 10–20 ng/mL; pT2 stage; and/or 
GS, 7], and high risk, [PSA, ＞20 ng/mL; pT3–4 stage; GS, 
8–10). They suggested that the presence of a PSM had a sig-
nificant impact on the risk of recurrence only in inter-
mediate-risk disease and that this represented the need for 
immediate adjuvant or early salvage radiation therapy. By 
contrast, for high- and low-risk disease, the risk of re-
currence was driven by intrinsic tumor biology, and the 
presence of a PSM had little impact on outcome.

Ploussard et al. [11] investigated the impact of a PSM as 
an independent predictor of BCR and the need for salvage 
therapy after RP by using univariate and multivariate 
analyses. In their study, PSM was significantly predictive 
for PSA failure (HR, 2.6; p＜0.001) and the need for salvage 
therapy (HR, 2.9; p＜0.001) and after stratification by 
pathological stage and GS, PSM was significantly pre-
dictive for PSA failure in pT2 (HR, 3.81; p＜0.001), pT3a 
(HR, 2.09; p=0.001), and/or GS ≤7 cancers (HR, 3.52; p
＜0.001), whereas the impact of a PSM did not reach sig-
nificance in pT3b (HR, 1.46; p=0.196), pT4 (HR, 2.17; 
p=0.061), and/or GS ≥8 cancers (HR, 1.41; p=0.115). They 
concluded that PSMs were associated with poor prognosis 
in terms of BCR-free survival and the need for salvage 
therapy. However, such a distinction between negative or 
positive margin cancers seemed to appear clinically less 
relevant in locally advanced disease with seminal vesicle 
invasion or high GS ≥8 owing to the predominant sig-
nificance of these two indicators of poor prognosis for pre-
diction of PSA failure. Similarly, our results showed that 
the PSM was significantly predictive for BCR-free survival 
in men with pT2 (HR, 3.81; p＜0.001) and/or GS ≤6 (HR, 
5.46; p=0.010) or 7 (HR, 3.50; p＜0.001), and/or PSA value 
＜10 (HR, 4.29; p＜0.001) or 10–20 ng/mL (HR, 3.13; 
p=0.033). In patients with pT3, GS ≥ 8, and preoperative 
PSA value ≥20 ng/mL, PSM was not a statistically sig-
nificant predictor for BCR-free survival (all p＞0.05).

Several studies have reported that the extent of margin 
positivity correlates with disease recurrence after RP. 
Mauermann et al. [15] evaluated the influence of a solitary 
PSM and multiple PSMs on important clinical endpoints. 
In their multivariate analyses, multiple PSMs were a 
stronger predictive factor (HR, 2.08; p＜0.001) for BCR 
than was a solitary PSM (HR, 1.71; p=0.001). Therefore, pa-

tients with multiple PSMs were most likely to receive sal-
vage RT. Stephenson et al. [22] analyzed the predictive use-
fulness of several subclassifications of PSMs. According to 
their results, the number of PSMs was a significant pre-
dictor of BCR, with multiple PSMs having a worse prog-
nosis than a solitary PSM (HR, 1.4; p=0.002). However, oth-
er studies reported different results. Marks et al. [23] eval-
uated the prognostic significance of the linear extent of 
margin positivity in a series of 174 consecutive PSM speci-
mens and concluded that the extent of margin positivity 
was not predictive of BCR (HR, 1.00; p=0.97). In our study, 
BCR-free survival showed a statistically significant differ-
ence between the solitary PSM group (55.6 months) and the 
multiple PSM group (23.7 months, p＜0.001), and multiple 
PSMs showed significance for prediction of BCR-free sur-
vival (HR, 2.32; p=0.001).

Despite some benefit of immediate adjuvant RT for the 
management of patients with a PSM, most urologists have 
experienced difficulty determining the further manage-
ment (adjuvant or salvage therapy) of patients with PSMs. 
As we stated above, our results suggest some criteria for 
further treatment of patients with PSMs. If a PSM is found 
in patients with pT2 and/or GS ≤7 and/or a preoperative 
PSA value ＜20 ng/mL who have undergone RP, adjuvant 
therapy is worth taking under active consideration, al-
though the pathological T stage, GS, and preoperative PSA 
level do not have a high risk of recurrence or progression. 
Furthermore, multiple PSMs can be regarded as a predom-
inant parameter for worse prognosis than a solitary PSM 
as well as other clinicopathological factors (Table 4), 
whereupon adjuvant treatment can be applied to men with 
this pathological outcome.

There may be several limitations to our study. The in-
clusion or exclusion criteria for adjuvant therapy did not 
coincide among all clinicians owing to a retrospective 
approach. However, we believe that this limitation did not 
prohibit us from drawing conclusions because all patients 
who underwent an adjuvant treatment were excluded and 
the same criterion for BCR was applied in all cases. Also, 
we could not analyze the impact of the PSM location, which 
might affect BCR. In addition, the small number of subjects 
and the relatively short follow-up period in the present 
study may be challengeable to some degree. A long-term, 
prospective and randomized trial with extensive cases is 
needed to found a definitive clinical recommendation.

CONCLUSIONS

The prognostic value of PSMs and the decision of whether 
to proceed with adjuvant or salvage therapy in patients 
with a PSM remain controversial. According to our results, 
the PSM is a significant predictor of postoperative BCR in 
patients with pT2 and/or GS ≤7 and/or a preoperative PSA 
value ＜20 ng/mL. Adjuvant therapy for patients with 
these clinicopathological features is worth taking under ac-
tive consideration, although the pathological T stage, GS, 
and preoperative PSA level do not have a high risk of re-
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currence or progression. Also, multiple PSMs are consid-
ered to be a stronger prognostic factor for BCR than is a soli-
tary PSM; therefore, adjuvant treatment could be applied 
to these men.
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