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Abstract
Objective  To perform a network meta-analysis comparing the impact of different positive surgical margin locations (Com-
parisons and intervention) on biochemical recurrence (Outcome) in patients undergoing radical prostatectomy (Population).
Methods  According to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines, a 
protocol was registered (PROSPERO: CRD42022119025) and a search across four databases was conducted (the MEDLINE, 
Scopus, Embase and Cochrane). The primary outcome was biochemical recurrence (BCR). A network meta-analysis was con-
ducted. Further subgroup analysis was performed to evaluate studies exploring robot-assisted radical prostatectomy (RALP).
Results  Our search yielded 1249 unique results; 22 studies were analysed. Anterior margins had the highest risk of BCR 
(HR 2.46, 95%CI 1.67–3.61, I2 = 76%) followed by posterior (HR 2.29, 95%CI 1.43–3.66, I2 = 0%), bladder base (HR 2.06, 
95%CI 1.61–2.64, I2 = 69%), apical (HR 1.88, 95%CI 1.51–2.35, I2 = 59%), and posterolateral margins (HR 1.70, 95%CI 
1.14–2.25, I2 = 60%). Given significant heterogeneity, subgroup analysis was performed. In the RALP subgroup, anterior 
margins also demonstrated the highest recurrence risk (HR 3.74, 95%CI 2.47–5.66, I2 = 0%), followed by apical (HR 2.43, 
95%CI 1.97–8.00, I2 = 0%), posterior (HR 2.23, 95%CI 1.47–3.38), base (HR 1.65, 95%CI 1.29–2.11, I2 = 0%), and poste-
rolateral margin (HR 1.54, 95%CI 1.07–2.22).
Conclusions  The risk of BCR after radical prostatectomy varies by PSM location, with the highest recurrence risk observed 
at anterior margins.

Keywords  Positive surgical margin location · Prostate cancer · Radical prostatectomy · Biochemical recurrence · Positive 
surgical margin

Introduction

Prostate cancer accounts for 22% of all new male cancer 
diagnoses [1]. For localised prostate cancer, radical pros-
tatectomy (RP) is one of the main curative treatments. 
Although curative, the surgery can have a significant impact 
on functional outcomes including incontinence and erectile 
dysfunction [1]. The degree of resection is a delicate balance 
between oncological and functional outcomes determined by 
the operating surgeon and disease biology. Positive surgical 
margins (PSM) are reported in 11–40% of men who have 
undergone RP [2]. The clinical significance of PSM after 
RP remains controversial since only 27–44% develop a bio-
chemical recurrence (BCR), 6.8–24.3% develop systemic 
progression and 0.8–3.7% experience prostate cancer-related 
mortality over a 7–13 year follow-up period [3–6]. Further 
methods to stratify the risk of progression in these patients 
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are warranted so that secondary treatments can be initiated 
appropriately and more appropriate surveillance can be pur-
sued. This will ensure that resources are allocated to those 
at risk while sparing low-risk patients from compromised 
functional outcomes [7].

Over the past decade, various studies have attempted to 
subclassify histopathological features of PSM to predict 
the risk of BCR more accurately. One of the pathologi-
cal variables that has been explored is the location of the 
PSM. Various comparisons have been made between ante-
rior, posterior, bladder base, posterolateral, apical PSM and 
some soft tissue PSMs, all of which have been suggested to 
confer a higher risk of biochemical recurrence compared to 
NSM [8–10]. Despite these findings, there are no reviews 
or meta-analyses exploring this important histopathological 
variable. Given the lack of consolidated evidence, we aimed 
to conduct a systematic review and network meta-analysis 
answering the clinical question: does the location of PSM 
(Exposure and comparison) influence the risk of BCR (Out-
come) after RP (Population)?

Methods

Search strategy

A systematic search was conducted using the MEDLINE, 
Scopus, Embase and Cochrane databases, including studies 
published up to 31st March 2023. A further literature search 
was performed by examining reference lists of studies iden-
tified in the database searches. The protocol was registered 
at the international prospective register of the systematic 
reviews database (PROSPERO: CRD42022119025). Search 
terms were identified and adjusted to match the require-
ments of each database with the assistance of a librarian 
(See Appendix).

Inclusion criteria

Studies comparing the locations of PSM after RP in men 
with prostate cancer in predicting BCR or oncological 
outcomes were included (Table 1). The review followed 
the Preferred Reporting Items for Systematic Review and 
Meta-analysis Methods–Network meta-analysis (PRISMA—
NMA) protocol [11]. The search results were independently 
reviewed by four authors, initially based on title and abstract 
screening (AJ, BS and TM) followed by a full-text review 
(AJ, JH, TM). Data extraction (AJ, AG) and risk of bias (JV 
and AJ) were conducted by two independent authors. Key 
reasons for exclusion included an absence of reporting on 
the location of PSM, abstract-only studies, duplicate study 
population and an absence of multivariable analysis.

Study eligibility

The review considered all published studies, including 
reviews, randomized controlled trials, observational cohort 
studies and case-controlled studies. The language of pub-
lication was restricted to English. Rayyan QI (Covidence 
systematic review software, Veritas Health Innovation, Mel-
bourne, Australia) and EndNote X8.2 (Clarivate Analytics, 
Philadephia, USA) were used to track studies included and 
excluded from the review.

Statistical analysis

Multivariable Cox proportional hazard modelling coeffi-
cients (in the form of hazard ratios) for BCR (defined as 
PSA > 0.2 ng/ml post radical prostatectomy) were extracted 
where results had been adjusted for preoperative PSA, Glea-
son score and stage. Studies were subdivided based on the 
location of PSM used for comparison. The extracted infor-
mation was tabulated according to pre-determined templates 
specified in our protocol (PROSPERO: CRD42022119025). 
Network meta-analysis was performed in the following sub-
groups: NSM vs apical PSM, bladder base PSM, posterolat-
eral PSM, posterior PSM or anterior PSM for all techniques, 
with further subgroup analysis involving robotic and open 
techniques. The heterogeneity of the selected studies was 
calculated using the I2 score and Q statistics. A frequentist 
network meta-analysis with random effects was performed 
using R (packages used “netmeta”, “dmetar” and “dplyr”) 
[12–15]. Inconsistencies in the network model were identi-
fied using a net heat plot.

Assessment of bias

Since all studies included in our systematic review were 
observational, the Newcastle Ottawa Scale for non-ran-
domised studies was used to evaluate the risk of bias [16]. 
The scale was scored by two authors (AJ and JV). Publica-
tion bias was assessed using visual inspection of funnel plots 
where there were 10 or more studies present.

Results

Characteristics of included studies

The search strategy identified 1255 studies across the MED-
LINE, Scopus, Embase and Cochrane databases (Fig. 1). 
After exclusion of duplicate and irrelevant studies, 139 full-
text articles were identified. 41 studies were identified after 
full text review. Of these 41 studies, 10 did not report a Cox 
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multivariable hazards ratio and two were excluded due to a 
non-standard definition of BCR (PSA > 0.1 ng/ml). Eight 
studies met the criteria but could not be included in a cor-
responding subgroup analysis due to non-standard location 
definitions. The remaining twenty-two studies were included 
in the meta-analysis (Fig. 1).

A summary of included studies for meta-analysis can be 
found in Table 1. All studies were retrospective cohort stud-
ies published between 1999 and 2023 and most were from 
a single centre. The median/mean follow-up period ranged 
from 1.8–12.6 years. PSM sample size ranged from 117 to 
798 patients. Surgical techniques varied between the use of 
robot-assisted, laparoscopic, and open radical prostatectomy.

There was significant variability in the comparison 
between surgical margin locations. Most studies performed 
comparisons between negative surgical margins (NSM) and 
other locations of PSM (apex, bladder base, posterior-lateral, 
anterior, and posterior). Five studies compared apical PSM 
with other locations [17–21], one study compared bladder 

base PSM with other locations [9] and one study compared 
posterolateral PSM with other locations [22] (Table 1).

Overall results

The comparisons exploring the risk of BCR between vari-
ous PSM locations and NSM were made using both direct 
evidence and indirect evidence obtained from network meta-
analysis. When comparing the risk of BCR to that of NSM 
patients, the anterior PSM conferred the highest risk (Direct 
evidence (DE): five studies, Hazard Ratio (HR) 2.46 (95% 
confidence interval (CI) 1.67–3.61), I2 = 76%, p < 0.01), fol-
lowed by posterior PSM (DE: 3 studies, HR 2.29 (95% CI 
1.43–3.66), I2 = 0%, p < 0.01), bladder base PSM (DE 12 
studies, HR 2.06 (95% CI 1.61–2.64, p < 0.01), I2 = 69%), 
apical PSM (DE: 13 Studies HR 1.88 (95% CI 1.51–2.35), 
I2 = 59%, p < 0.01) and posterolateral PSM (DE: three 
studies, HR 1.70 (95% CI 1.14–2.25), I2 = 60%, p = 0.01) 
(Fig. 2). There were no inter-location comparisons that 

Fig. 1   Preferred reporting items 
for systematic reviews and 
meta-analyses (PRISMA) flow 
chart of methodology
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demonstrated a statistically significant difference in BCR 
risk. There was significant heterogeneity between studies 
used in overall analysis. The analysis revealed moderate 
to high heterogeneity in treatment effects across studies 
(I2 = 61%, 95% CI: 46.7% to 71.4%), significant overall vari-
ability (Q = 122.95, p < 0.0001), substantial within-design 
heterogeneity (Q = 108.58, p < 0.0001), and marginal incon-
sistency between designs (Q = 14.37, p = 0.0449).

Subgroup analysis of robot‑assisted laparoscopic 
prostatectomy

Sub-group analysis was performed to explore possible 
sources of heterogeneity including a comparison of robot-
assisted laparoscopic prostatectomy (RALP) and open radi-
cal prostatectomy (ORP). In studies only including RALP, 
anterior PSM had the highest risk of BCR compared to 
NSM (DE: two studies, HR 3.74(95% CI 2.47–5.66) I2 = 0%, 
p < 0.01), followed by apical (DE: three studies, HR 2.43 (CI 
1.97–8.00) I2 = 0%, p < 0.01), posterior (DE: one study, HR 
2.23 (95% CI 1.47–3.38), p < 0.01), bladder base (DE: three 
studies, HR 1.65 (CI 1.29–2.11) I2 = 0%, p < 0.01) and poste-
rolateral PSM (DE: one study, HR 1.54 (95% CI 1.07–2.22), 
p = 0.02) (Fig. 2B). For inter-location comparisons, anterior 
PSM demonstrated a higher risk of BCR compared to base 
(DE: one study, HR 2.27 (95% CI 1.45–3.54)) and postero-
lateral (DE: one study, HR 2.43 (95% CI 1.48–3.98)). Api-
cal PSM demonstrated a higher BCR risk compared to base 
(DE: one study, HR 1.47 (95% CI 1.09–1.99) and postero-
lateral margin (DE: one study, HR 1.58 (95% CI 1.06–2.34) 
(Fig. 3A). This subgroup exhibited minimal heterogeneity, 

suggesting that stratification by surgery type may have 
addressed a significant source of heterogeneity in the pri-
mary analysis (I2 = 0%, Q total = 9.78, p = 0.6; Q between 
designs = 5.08, p = 0.4; Q within designs = 4.7, p = 0.6). The 
p-values for both Q total (p = 0.6) and Q between designs 
(p = 0.4) exceed 0.05, indicating no significant inconsistency 
between the direct and indirect comparisons in the network. 
There was an insufficient number of studies to perform a 
satisfactory subgroup analysis focusing on open radical pros-
tatectomy patients.

Assessment of bias

The studies conducted were non-randomized and retrospec-
tive, which means there may be selection bias. The out-
comes can be biased due to inadequate blinding of histology 
reviewers. Most studies were classified as average to good 
quality based on the Newcastle Ottawa Scale, scoring lower 
if having inadequate follow-up time (< 5 years) (Supplemen-
tary Table 4). This needs to be considered when interpreting 
results, particularly for ORP subgroup analysis. Most studies 
included in the meta-analysis adjusted for Gleason score, 
preoperative PSA and stage during multivariable analysis. 
Funnel plot analysis suggested minimal publication bias 
(Supplementary Fig. 3).

Discussion

In this network meta-analysis, we provide evidence that the 
location of PSM influences the risk of BCR. More specifi-
cally, our primary analysis demonstrated that anterior PSM 
had the highest risk of BCR compared to NSM. Therefore, 
we recommend incorporating PSM location into future mod-
els to help categorize patients into a higher or lower risk 
of BCR. In the high-risk group, this may facilitate patient 
counselling and initiation of adjuvant treatment to achieve 
optimal oncological outcomes. In the low-risk group, it 
may potentially spare adjuvant treatment and prevent dete-
rioration of functional outcomes [23]. Currently, adjuvant 
therapy is considered for high-risk patients with at least 
two out of three high-risk features (Gleason grade group 

Fig. 2   Network meta-analysis 
results comparing of biochemi-
cal recurrence in Various PSM 
locations compared to NSM for 
all studies

Fig. 3   Subgroup network meta-analysis demonstrating BCR risk of 
various PSM for RALP
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4 or 5, Pathological stage 3 and positive surgical margins) 
[24]. The rationale for this is based on the low numbers 
of PSM patients in key trials like RADICALs, which com-
pared salvage and adjuvant radiotherapy. As a result, it was 
underpowered to demonstrate a clear advantage of salvage 
radiotherapy for patients with these high-risk features [25]. 
The use of adjuvant therapy in these patients with high-risk 
features is also supported by subsequent cohort studies[26]. 
Based on our findings, we encourage institutions to consider 
PSM location when counselling and determining surveil-
lance or adjuvant treatments for these patients (Fig. 4).

In our primary analysis, we demonstrated that anterior 
PSM demonstrated the highest risk of BCR compared to 
NSM. This was followed by the posterior, base, apex and 
posterolateral PSM respectively. Various factors could have 
contributed to these findings. Anterior PSM may be indica-
tive of anterior lobe prostate tumours, which are less com-
mon and often have a large tumour volume [7, 19]. This 
possibility also raises the issue of tumour volume being 
a confounder in our analyses, since very few studies have 
performed multivariable analysis to adjust for it. Hsu et al. 
propose that residual cancer in the anterior region may be 
more likely to proliferate due to its close proximity to the 
vascular supply, potentially leading to a higher risk of BCR 

[19]. There were insufficient studies to determine a statisti-
cally significant difference between the anterior, apex and 
posterior PSM. Posterior PSM may also represent aggres-
sive disease compared to posterolateral and bladder base, 
although this was not formally demonstrated in our analysis. 
It has been suggested that the posterior fibrous capsule of the 
prostate, being dense and fused with Denonvilliers’ fascia, 
may be more resistant to tumour invasion. Consequently, 
tumours that do invade this fascia may be more likely to 
represent aggressive disease [7, 22].

The reliability and clinical interpretation of the primary 
analysis is challenging given the substantial heterogeneity 
of analysis, hence our decision to investigate the causes of 
heterogeneity using a RALP subgroup analysis and thus 
reflecting contemporary practice. In data relating to RALP, 
statistical heterogeneity was reduced to I2 = 0, indicating 
that surgical technique may contribute to variation. In the 
RALP subgroup, an anterior PSM had the highest risk of 
BCR followed by apical, posterior, bladder base and pos-
terolateral PSM. The key difference when performing sub-
group analysis was the increased relevance of apical margin 
in robotic subgroup analysis. Sooriakumaran et al. proposed 
that traction of the prostate during RALPs may account for 
this finding [27]. More specifically, traction caused by the 

Fig. 4   Clinically significant comparison of the risk of BCR between various inter-location comparison for studies including RALP
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non-dominant robotic arm enables a more magnified view 
to facilitate closer dissection to the prostatic capsule; this 
increases the risk of iatrogenic intra-capsular incision, which 
increases the risk of prostatic inked margin being in contact 
with the tumour and hence being deemed PSM [7]. The pro-
static apex is an area that is very challenging to access and 
dissect, being intermingled with vital structures such as the 
dorsal venous complex, erectile nerves, rectum, and sphinc-
ter. The prostatic apex is at risk of intraprostatic incision 
given the desire to conserve urethral length for enhanced 
preservation of sexual and urinary function. RALP tends 
to improve visualisation and facilitate the dissection of this 
region. Apical margins are also more susceptible to invasion 
of cancer cells given the proximity to an abundant vascular 
supply that is more likely to be disrupted in ORP compared 
to RALP. Traditionally, apical margins were thought to be 
less relevant. Several studies in ORP series failed to dem-
onstrate apical PSM as an independent predictor of BCR [7] 
though most of these studies had follow up period of less 
than five years. Based on our analysis, it appears that apical 
PSMs remain relevant in RALP.

This is the first systematic review to explore the loca-
tion of PSM and its effect on BCR. There are several other 
systematic reviews investigating features of PSM after RP. 
For example, a recent meta-analysis exploring the role of the 
primary Gleason grade and Gleason grade group of the PSM 
on BCR demonstrated that Gleason grade > 3 at the PSM and 
increasing Gleason grade group of PSM is independently 
associated with a higher risk of BCR [28]. We have also pub-
lished another systematic review demonstrating an increased 
risk of BCR associated with increasing PSM length [29]. 
Yossepowitch et al. performed a systematic review in 2014 
exploring outcomes associated with PSM after radical pros-
tatectomy [30] and alluded to studies that demonstrated the 
prognostic implications of the location of PSM, however, 
outcomes were not explored in detail with meta-analysis. A 
narrative review was also performed by Fontenot and Man-
sour, primarily as a method to standardise reporting styles 
of pathological parameters of positive surgical margin [31]. 
Our review improves upon these earlier studies and objec-
tively explores the current evidence related to the location 
of PSM and its impact on BCR. Given the difference identi-
fied, further research should explore the outcomes of con-
temporary practices with greater adoption of the RALP and 
decreasing use of ORP.

This study has several strengths and weaknesses. We 
employed a network meta-analysis over a traditional pair-
wise meta-analysis, a strategy that increases the depth of 
results by extrapolating inter-location comparisons missing 
from studies. This offers a “bigger picture” analysis of results 
that otherwise would be fragmented using a single pairwise 
meta-analysis. The extrapolated estimates of indirect com-
parisons between various PSM location comparisons, which 

have not been performed in the literature, are useful given 
the rarity of positive surgical margins affecting these loca-
tions. However, the BCR risk comparisons between these 
locations of PSM still warrant formal testing to confirm our 
findings. Other strengths include only using studies that 
have performed multivariable analysis and thereby adjust-
ing for covariates such as preoperative PSA and Gleason 
score, which are also known to increase the risk of BCR. 
The review also followed a protocol according to PRISMA 
guidelines and included atleast two different authors for 
screening, full-text review and data extraction. Limitations 
of this study include a low number of studies included for 
the subgroup meta-analyses and the use of retrospective 
cohort studies, meaning that the studies included may be 
prone to selection biases. This risk was assessed using the 
Newcastle Ottawa Scale with most studies receiving a score 
of 3 for the selection component (most points were lost for 
insufficient blinding and potential selection bias due to retro-
spective reviews). The overall heterogeneity between studies 
for the network meta-analysis was 61% which is substantial 
which makes overall analysis not as reliable with clinical 
interpretation compared to RALP subgroup analysis. The 
heterogeneity is accounted for by performing subgroup 
analysis which identified surgical technique (RALP, ORP, 
Perineal or Laparascopic) being the main contributor. Other 
contributors to heterogeneity include follow-up period, sam-
ple size, pathological features of included patients, use of 
lymph node-positive patients. We also note some studies 
included had less than five years of follow-up, which may 
not be sufficient to detect BCR events. Only a few studies 
adjusted for other pathological parameters of PSM such as 
Gleason score or grade of the PSM and PSM length. These 
are also important parameters that need to be considered 
when evaluating BCR risks as suggested by some studies, 
including our previous meta-analysis [28, 32, 33]. Another 
weakness is using BCR as the clinical endpoint; clinical 
progression by imaging would be a more relevant and reli-
able endpoint since it is a better surrogate marker of cancer-
related mortality. Further longer-term studies exploring the 
relationship between positive surgical margin location and 
other outcomes such as systemic progression on imaging and 
cancer-related mortality are warranted, particularly consid-
ering the evolution of surgical practice.

Conclusion

The location of positive surgical margins can affect the risk 
of BCR. Anterior PSM conveys the highest risk of recur-
rence with posterolateral margin being the least. Longer-
term studies are needed to track other cancer endpoints like 
progression and mortality.
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