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Abstract
Positive surgical margins (PSM) after radical prostatectomy have 
been identified as an adverse pathological feature predictive of 
higher rates of biochemical recurrence, distant metastasis, and 
cancer-specific mortality compared to negative margins. Such 
observations underlie the rationale for adjuvant radiotherapy 
for locally advanced disease or positive margins. Even without 
adjuvant radiotherapy, however, not all patients who have a 
positive margin will recur. While other adverse pathological features 
such as pathologic stage, pathologic Gleason score, and PSA 
likely play a role, there has been recent evidence demonstrating 
the importance of nuanced examination of the positive margin to 
enhance risk stratification and prognosis. Such features include 
extent involvement or multifocality, predominant Gleason grade at 
the PSM, and even close surgical margins. The impact of these 
features on oncologic outcomes is explored in this review, along 
with the potential role of preoperative multiparametric magnetic 
resonance imaging and intraoperative frozen sections to predict 
and reduce the rates of PSM.
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the rationale for adjuvant radiation therapy after RP for men 
with adverse pathology (i.e. ≥ pT3 or PSM). Three major phase 
3 randomized controlled trials (EORTC 22911 [6], SWOG 8794 
[7] & ARO 96-02 [8]) have investigated the impact of adjuvant 
radiotherapy on various oncologic outcomes such as BCR-free 
survival, metastasis-free survival, clinical progression-free survival 
(i.e. BCR + metastasis), and overall survival. Although the impact 
on BCR has been confirmed by each of these studies, the influence 
on metastasis-free survival and overall mortality was found to be 
significant only for SWOG 8794. [7] While EORTC 22911 reported 
that improvements in clinical progression-free survival did not 
persist at the longer interval follow-up of median 10.6 years, post-
hoc analysis of the data did reveal improved clinical progression-
free survival for patients with positive margins, regardless of final 
pathologic stage (Figure 1A) [6]. Similarly, ARO 96-02 illustrated 
the differential improvement in recurrence-free survival for patients 
with positive surgical margins (Figure 1B) [8]. Furthermore, SWOG 
8794 allowed positive surgical margins as an independent inclusion 
criterion for adjuvant therapy. More nuanced examination of the 
surgical margin, such as predominant Gleason grade or extent/
multifocality of the PSM, was not explored in these studies, however.

Risk factors for positive margins

Rates of positive margins in contemporary series of radical 
prostatectomy range from 11-38% [9], and are dependent on pathologic 
stage and Gleason score [10], surgeon experience as well as institutional 
operative-volume [11], and may be influenced by the surgical 
modality itself (i.e. open vs. laparoscopic vs. robotic-assisted) [11]. 
The influence of the learning curve has been demonstrated in a series 
of n=450 consecutive robotic-assisted radical prostatectomy (RARP) 
cases demonstrating PSM rates of 36% in the first 50 patients, 17.6% 
in patients 51-250, and 7.5% in patients 251-450 [12]. A recent large, 
multi-institutional, retrospective study of 22,393 open, laparoscopic, 
and robotic-assisted RP procedures from 2000-2011 reported 
PSM range from 13.8%-22.8%, with superior rates for RARP and 
laparoscopic procedures compared to open surgery when controlled 
via propensity scoring for prostate specific antigen (PSA), Gleason 
score, pathologic stage, and year of surgery covariates [11]. This study 
corroborates an earlier single-institution series of 200 sequential RARP 
vs. 200 sequential retropubic RP, showing superior PSM rates for RARP 
for stage pT2 disease (9.4% vs. 24.1%, p < 0.001) [13].

Introduction
Positive surgical margins

The objective of radical prostatectomy (RP) for the treatment of 
clinically localized prostate cancer is complete surgical extirpation, 
performance of pelvic lymphadenectomy when indicated, and the 
achievement of a negative surgical margin. Positive surgical margin 
(PSM) status has been identified as an adverse pathologic feature, 
associated with increased rates of biochemical recurrence (BCR)/
local progression [1], metastasis [1], and cancer-specific mortality 
[2,3]. Consequently, PSM has been incorporated into multiple 
nomograms for post-operative prostate cancer prognosis, serving 
as an independent risk factor for biochemical recurrence after 
radical prostatectomy [4] and for disease-free survival after post-
prostatectomy salvage radiation therapy [5].

Role of adjuvant radiotherapy for positive surgical margins

The adverse impact of the PSM on oncologic outcomes underlies 
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Despite refinements in surgical technique, including the advent 
of robotic surgery, surgical margin status remains under active 
investigation throughout the literature. Indeed, PSM does not always 
lead to BCR, with rates reported to be 19-48% at a median five years 
post-operatively [2,14,15]. Furthermore, the use of BCR as a surrogate 
measure of survival is controversial, as many men experiencing BCR 
will not die of prostate cancer [2,16]. It has been demonstrated that 
prostate-cancer specific mortality is worse for men with BCR only 
in the setting of short latency to BCR or short PSA doubling time 
[17,18]. These observations invite the possibility that other pathologic 
characteristics of the PSM may underlie the risk for disease recurrence 
and progression.

Standardized reporting of the positive surgical margin

Disparate results regarding the prognostic impact of the PSM may 
also be due to variability and inconsistency in the detail of reporting 
across surgeons and institutions [19,20]. Indeed, rather than a binary 
result of positive versus negative, more nuanced methods of reporting 
surgical margins have been proposed. While the standard definition 
of PSM consists of tumor that extends to the surface of the prostate 
wherein the surgeon has cut across the tissue plane [21], refinements 
in the understanding of the location of the positive margin, length 
of the positive margin, presence of PSM multifocality, predominant 
Gleason score at PSM, and even close but negative PSM have been 
investigated. To analyze the literature in a systematic manner in an 
effort to propose standardized reporting guidelines for the clinical 
pathologic community, the International Society of Urological 
Pathology (ISUP) Consensus Conference on Handling and Staging 
of Radical Prostatectomy Specimens was convened and met most 
recently in 2009 in Boston, MA. Five working groups were tasked 
with various aspects of RP specimen processing, including cancer 

volume, extraprostatic extension and lymphovascular invasion, and 
surgical margins. The most recent publication from this conference 
appeared in 2011 in Modern Pathology [21]. The recommendations 
of this group regarding the previously mentioned aspects of PSM will 
be discussed in this review. The impact of the various PSM features 
on biochemical recurrence, metastatic progression, prostatic cancer-
specific, and overall survival have only been recently examined, 
remain a source of controversy, and will be explored as well.

Margin Location
The most common site of PSM is the apex in both cT1c and cT2 

disease [21]. The posterior and posterolateral aspects of the prostate 
are other common sites [20]. The location of the PSM may be 
influenced by pathologic stage as well. A recent study by Pagano et al. 
examined PSM rate and location in patients with pathologic seminal 
vesicle invasion at RP [22]. Overall PSM rate was 41% and were more 
common at the peripheral zone (57%) than the apex (32%). While 
bladder neck and anterior positive margins were more common with 
RP via a perineal approach, the apex is the most common site of PSM 
in the contemporary era [13]. The oncologic impact of PSM location 
is controversial, with multiple studies demonstrating an inability to 
independently predict BCR on multivariable regression analysis [11, 
23-25]. Obek et al. concluded that PSM at multiple sites, posterolateral 
surface, or bladder neck increased risk of disease progression [26]. 
The bladder neck is an uncommon site for PSM (4-6%), and usually 
occurs in addition to other PSM. [22,27] The presence of bladder 
neck involvement has been identified as an independent predictor of 
early BCR, tantamount to the risk of locally advanced disease, such 
as pT3a [28] or seminal vesical invasion [29]. The study by Pagano 
et al. reported a seven-fold greater risk of BCR with bladder neck 
PSM on multivariable regression analysis [22]. After evaluation of 
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Figure 1A: Forrest plot showing impact of patient clinicopathologic features on biochemical progression-free survival. Derived from Bolla et al., Lancet, 2012. [6]
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contemporary evidence, the ISUP 2009 Conference promoted routine 
reporting of the location of the PSM, including cases of intraprostatic 
incision into tumor and extraprostatic extension. Consensus was 
reached regarding reporting as “posterior, posterolateral, lateral, 
anterior at the apex and mid-portion of the prostate, and the bladder 
neck” [21]. Although not based on level I evidence, this consensus 
statement may serve to provide surgeon feedback and aid in 
modification of surgical technique.

Close Margins
Data from other domains of oncology, such as breast cancer, 

have demonstrated that decreasing distance from tumor to surgical 
margin is associated with both local recurrence and distant metastasis 
[30]. The correlation between a “close” surgical margin (CSM) and 
BCR after RP has been previously examined in the pre-PSA era. 
These studies reported similar rates of BCR for negative surgical 
margin (NSM) vs. CSM and were cited by the ISUP 2010 Consensus 
statement. In 1997, Epstein et al. investigated n = 101 margin-
negative patients after RP with at least 5 years follow-up. The authors 
found that mean distance from tumor to inked margin was similar 
between patients who experienced BCR (0.46 mm) and those who did 
not (0.33 mm) [31]. Measured distance was also not found to be an 
independent predictor of BCR. Later in 2005, Emerson et al. reported 
on n = 278 margin-negative cases and found that the closest measured 
distance between tumor and inked margin (median = 0.5 mm) did 
not predict BCR on multivariable analysis [32]. Bong et al. in 2009 
similarly found no difference in BCR between negative margins and 
CSM, defined as tumor < 1 mm from inked margin [33].

The above studies had several limitations, however. The Epstein 
and Emerson studies were conducted in the pre-PSA era, with > 80% 

of patients having cT2 disease. Also, they relied on analysis of tumor 
to margin distance as a continuous variable in the multivariable 
regression models. The assumption of a linear relationship between 
the closeness of the margin and BCR may not be accurate, and 
may underestimate the true risk of CSM. In addition, the study by 
Bong et al. reported follow-up data of only 12 months, which is 
premature to accurately capture BCR. Nevertheless, the ISUP 2010 
stated, “Pathologists agree that tumor extending close to the capsular 
margin, yet not to it, should be reported as a negative margin” [21]. 
Standard pathologic reporting at most institutions reflects this 
consensus statement.

Subsequent evidence from more contemporary series suggests 
close margins more closely resemble PSM and are an independent 
predictor of BCR. The definition of a “close” surgical margin (CSM) 
has varied from < 0.1 mm to < 1 mm. Most recently, Whalen et al. 
reported on n = 609 patients who underwent RP and concluded the 
presence of both PSM and CSM (defined as < 1 mm) were associated 
with higher rates of BCR relative to negative margins on multivariable 
logistic regression (HR = 2.7 and 2.72, respectively) [34]. Moreover, 
estimated 3-year freedom from BCR following a CSM was similar 
to that of PSM (70.4% and 74.5%, respectively; log-rank p = 0.66) 
when compared to a 90% 3-year freedom from BCR for patients with 
negative margins (log-rank p < 0.001 for NSM vs. PSM and p = 0.01 
for NSM vs. CSM) (Figure 2) [34]. Additional evidence comes from 
Lu et al. (n = 894, 11% CSM) and Izard et al. (n = 1588, 15% CSM), 
who both defined CSM as < 0.1 mm and concluded CSM not only 
significantly predicted BCR, but effectively doubled BCR risk when 
compared to patients with negative margin status (HR = 1.5-2.1) 
[35,36]. These reports indicate the strong predictive value of CSM 
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Figure 1B: Forrest plot showing impact of patient clinicopathologic features on recurrence-free survival. Derived from Wiegel et al., J Clin Oncol, 2009. [8]
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for disease recurrence and demonstrate similar risk profiles for BCR 
for CSM and PSM. Although further studies are needed to assess 
the impact of close margins on cancer-specific and overall survival, 
the impact on BCR indeed warrants reexamination of the ISUP 
recommendations.

Gleason Grading at Positive Margin
Higher incidences of PSM have been reported for patients with 

higher pathologic staging and Gleason score. A large series of 65,633 
patients who underwent RP were found to have PSM in 21.2%. PSM 
was greater in pT3 patients vs. pT2 (44% vs. 18%, p < 0.001), as well as 
Gleason 7-10 vs. Gleason 6 tumors (28% vs. 18%, p < 0.001) [2]. The 
multivariable analysis from this study concluded PSM is an independent 
significant predictor of prostate-cancer specific mortality; however, this 
finding was observed only for patients with higher grade and pT3 tumors. 
In a survey from the ISUP 2009 Conference, the majority of pathologists 
do not report Gleason score of the tumor at the site of margin positivity, 
although a small proportion indicated that they report Gleason score 
in the setting of high grade disease. In addition, 85% reported that they 
did not grade a margin-positive tumor in the setting of extraprostatic 
extension. The consensus was for inclusion of Gleason grade at the 
positive surgical margin at the pathologist’s discretion, based on a paucity 
of evidence [21].

Prior inquiries into the significance of the Gleason score, or 
predominant Gleason grade, at the site of a positive surgical margin 
have yielded inconsistent results with respect to prognostication 
and need for adjuvant therapies. Recent evidence does support 
pathologic disclosure of the predominant Gleason grade at the PSM. 
Viers et al. reported on n = 1036 patients with stage pT2-3a, Gleason 
7 prostate cancer who underwent RP, of which, n = 338 had PSM 
[37]. From these patients with PSM, 242 (72%) and 96 (28%) had 
primary Gleason grades 3 and 4 at the site of PSM, respectively [37]. 
After long median follow-up of 13 years, the presence of Gleason 
4 disease at a PSM resulted in significantly worse 15-year systemic 
progression-free (74% vs. 90%) and cancer-specific survival (86% vs. 
96%) outcomes when compared to patients with Gleason 3 disease 
at the PSM (Figure 3A & Figure 3B) [37]. Moreover, on multivariate 
analysis Gleason 4 disease at the PSM was independently associated 
with a significantly higher risk of systemic progression (HR = 2.74, p 

= 0.004) and prostate cancer-related death (HR = 3.91, p = 0.02) [37]. 
Of note, a similar number of patients with PSM primary Gleason 3 
and 4 received adjuvant radiation therapy (14% vs. 20%). Therefore, 
for patients with clinically significant prostate cancer (Gleason > 7) 
and PSM following RP, inclusion of Gleason grading at the site of 
PSM in pathologic reporting may provide urologists with important 
information regarding the need for additional therapies and 
postoperative monitoring.

PSM Extent of Involvement
The extent of involvement of tumor at PSMs influences the 

likelihood of BCR. Indeed, the ISUP 2009 consensus argued for 
reporting of extent of positive margin as mm of involvement, rather 
than subjective quantification (i.e. “focal” vs. “extensive”) [21]. 
There are several published series that corroborate this consensus. 
Sooriakumaran et al. reported on n=893 patients, of which, n=189 
(21.2%) had PSM following RP [11]. Investigators stratified patients 
by PSM length and anatomical location. Overall, PSMs that were 
either > 3 mm in length or multifocal along the inked margin were 
independent predictors of BCR (HR = 2.84, p < 0.001) compared 
to PSMs < 3 mm in length, unifocal PSMs, or NSMs; however, 
anatomical location of the PSM was not significantly associated with 
an increased likelihood of BCR [11]. Interestingly, PSMs >3 mm or 
those with multifocality were associated with a higher likelihood of 
BCR for pT2 disease (HR = 5.26, p < 0.001) than for pT3 disease (HR 
= 1.83, p = 0.076) [11]. Similar findings were reported by Emerson 
et al., who described on n=86 (23%) patients with PSMs from their 
series of n=369 RP specimens, and report that the number of PSM 
sites was independently associated with risk of BCR on multivariate 
analysis when adjusting for Gleason score (OR = 1.63, p = 0.002) [38]. 
Most recently, Servoll et al. reported on n=300 patients undergoing 
RP, of whom n=163 (54%) had at least one PSM [39]. On multivariate 
analysis, PSM length > 3 mm was independently associated with an 
increased risk of BCR when compared to patients with PSM length < 
3 mm (HR = 1.95, p = 0.017) and NSM (HR = 2.49, p = 0.001) [39]. 
Moreover, linear extent of PSM > 3 mm demonstrated significantly 
worse BCR-free survival when compared to PSM < 3 mm at a median 
follow-up time of 68 months (p = 0.005) [39].
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similar anatomical distribution of PSM for patients who underwent 
preoperative MRI vs. those that did not. Of the 126 reported sites 
of PSM, 89% extended from the index tumor, which preoperative 
MRI was able to identify in 92% of patients. Most interestingly, the 
availability of preoperative MRI resulted in urologists making wider 
excisions in 29% of patients, although no improvement in PSM rate 
was noted for the entire cohort [40]. The role of even wider surgical 
resection based on preoperative MRI findings has yet to be explored.

Intraoperative Frozen Section Impact on PSM Rates
Intraoperative frozen section analysis aims to confirm margin 

MRI as an adjunct to decrease positive margin rates

The utility of preoperative MRI on surgical outcomes, especially 
rates of PSM, is controversial. A Norwegian group recently reported 
a prospective randomized controlled trial in which patients were 
assigned to either MRI (n=222) or non-MRI (n=216) prior to 
undergoing RP [40]. Although there was no reduction in overall 
risk for PSM afforded by preoperative MRI, investigators do report 
a subgroup analysis where patients with cT1 disease experienced 
reduced rates of PSM (16% vs. 27%), with relative and absolute risk 
reductions of 41% and 11%, respectively. Figure 4 illustrates the 
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negativity while achieving a balance between an adequate surgical 
excision for oncologic control and nerve sparing to optimize 
functional outcomes. Recently, von Bodman et al. reported on n = 
236 patients who underwent whole surface frozen section during 
RP, yielding a 22% (52/236) positivity rate [41]. A vast majority of 
these cases (92.3%) were subsequently converted to NSM, producing 
an overall PSM rate of 3% (7/236) with false negative rate of 1.6% 
(3/184) [41]. About 15% of these patients had the preoperative nerve 
sparing plan altered by frozen section results. Fromont et al. reported 
on n=100 patients who underwent nerve sparing laparoscopic RP and 
a standardized intraoperative wedge tissue biopsy near the NVBs for 
frozen section analysis [42]. In the event of a positive frozen section 
the ipsilateral NVB would be excised. Positive frozen sections were 
identified in n = 24 (24%) patients, leading to an overall reduction in 
PSM rate from 33% to 12% (p < 0.001), from 26.1% to 7.9% (p < 0.005) 
for pT2 lesions, and from 83.3% to 41.7% (p < 0.05) for pT3 lesions 
[42]. Moreover, when compared to final RP pathology, intraoperative 
frozen section demonstrated 100% sensitivity and 96% specificity 
[42]. Other studies, however, have opted to only sample suspicious 

peripheral regions based on visual inspection. Tsubio et al. report 
their experience with n = 760 patients who underwent RP in which 
areas on the surface of the prostate that appeared to be suspicious for 
PSM were intraoperatively biopsied for frozen section analysis [43]. 
For the n = 259 (34.1%) patients who had intraoperative biopsy on 
suspicious lesions, frozen section analysis resulted in a sensitivity of 
41.8% (23/55), specificity of 100% (204/204), positive predictive value 
of 100% (23/23), and negative predictive value of 86.4% (204/259) 
when compared to permanent section analysis [43]. These results 
demonstrate the technical feasibility and accuracy of this technique; 
the implications for increased rates of nerve sparing for intermediate- 
or high-risk disease—who might otherwise be treated with wide 
resection to ensure oncologic control—remains to be explored.

Conclusion
Recent evidence has allowed for refined understanding of the role 

of various pathological aspects of the positive surgical margin, as well 
as a close, but negative surgical margin. Contemporary pathologic 
reporting of surgical specimens after radical prostatectomy should 

   

Figure 4: Distribution of positive surgical margins sites on radical prostatectomy specimens. Adapted from Rud et al., Eur Urol, 2015. [40]
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routinely include disclosure of length of positive margin, margin 
multifocality, predominant Gleason grade, and margin to tumor 
distance for negative margins less than 1mm. The added prognostic 
value of incorporating these pathologic features into contemporary 
cancer nomograms has yet to be defined. The roles of multiparametric 
MRI and intraoperative frozen section on reducing positive surgical 
margin rates and broadening the potential for safe nerve sparing 
remain under investigation. More inclusive pathologic reporting will 
enable enhanced risk stratification and improved identification of 
those patients that will benefit from adjuvant radiotherapy.
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