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Abstract

Background and purpose Positive surgical margins (PSMs) correlate with adverse outcomes in numerous solid tumours.
However, the prognostic value of PSMs in prostate cancer (PCa) patients who underwent radical prostatectomy remains
unclear. Herein, we performed a meta-analysis to evaluate the association between PSMs and the prognostic value for bio-
chemical recurrence-free survival (BRFS), cancer-specific survival (CSS), overall survival (OS), cancer-specific mortality
(CSM) and overall mortality (OM) in PCa patients.

Materials and methods According to the PRISMA statement, online databases PubMed, EMBASE and Web of Science
were searched to identify relevant studies published prior to February 2018. The hazard ratios (HRs) and 95% confidence
intervals (95% Cls) were calculated to evaluate the relationship between PSMs and PCa.

Results Ultimately, 32 cohort studies that met the eligibility criteria and involved 141,222 patients (51-65,633 per study)
were included in this meta-analysis. The results showed that PSMs were significantly predictive of poorer BRFS (HR=1.35,
95% CI 1.28-1.48, p<0.001), CSS (HR=1.49, 95% CI 1.16-1.90, p=0.001) and OS (HR=1.11, 95% CI 1.02-1.20,
p=0.014). In addition, PSMs were significantly associated with higher risk of CSM (HR=1.23, 95% CI 1.16-1.30, p <0.001)
and OM (HR =1.09, 95% CI 1.02-1.16, p=0.009) in patients with PCa.

Conclusions Our study suggests that the presence of a histopathologic PSM is associated with the clinical outcomes BRFS,
CSS, OS, CSM and OM in patients with PCa, and PSMs could serve as a poor prognostic factor for patients with PCa.
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Introduction

In 2016, prostate cancer (PCa) was the most common newly
diagnosed cancer in males, with 1.6 million new cases
per year, and 26,730 men died from PCa, which was the
third leading cause of cancer death in males [1]. With the
wide use of prostate-specific antigen (PSA) screening and
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increased public awareness of PCa, 90% of patients are being
diagnosed with localised PCa [2]. Despite effective treat-
ments with curative intent such as radical prostatectomy
(RP), up to 30% of patients will experience biochemical
recurrence (BCR), of which 20—30% will progress to clini-
cal metastasis or death [3]. To date, there have been a num-
ber of studies performed to identify histological parameters
associated with prognostic outcomes after RP, which might
lead to more informative prognostic information in patient
monitoring.

A positive surgical margin (PSM) is determined by the
stained areas of soft tissue on the RP specimen. The inci-
dence of PSMs is influenced by the presence of extra-pros-
tatic extension, with a rate that ranges from 10 to 48% [4].
Despite improvements in surgical techniques and standardi-
sation of the RP procedure, PSMs remain an active area of
investigation regarding the variability among surgeons and
institutions. Several studies have shown that PSMs can pre-
dict metastatic progression [5] and/or local recurrence and
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distant metastasis [6, 7], whereas other studies have shown
no such relationship [8, 9].

Therefore, to further clarify the prognostic value of
PSMs in PCa, we performed this meta-analysis based on all
published epidemiological studies to evaluate whether the
presence of a PSM has a prognostic impact on biochemical
recurrence-free survival (BRFS), cancer-specific survival
(CSS), overall survival (OS), cancer-specific mortality
(CSM) and overall mortality (OM) in patients with PCa.

Materials and methods
Literature search

According to the guidelines of the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
[10], we searched PubMed, EMBASE and Web of Science
from their inception to February 2018. Because the stud-
ies included in this meta-analysis have been published, no
ethical approval was required. MeSH terms and free words
searched for were as follows: ‘prostate cancer OR prostate
neoplasm’, ‘radical prostatectomy’, ‘positive surgical mar-
gin’, ‘survival outcome’, ‘prognosis’ and their combinations.

Fig. 1 Flow chart of study selection in this meta-analysis
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2 2 & The reference lists of previous relevant reviews were also
é‘ s B manually checked to identify all available studies. The lan-
T‘: & g guage of the publications was restricted to English.
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z <3 p <)
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~ 3 ©
~ 0
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e o 5 ciation of a PSM with PCa prognosis and clinicopathologi-
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S é S 3 ) = cal characteristics. An observed HR > 1 indicated a poor
Q o= . . . .
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g g2 prog p g y
g = = qg-’- B studies was assessed using the Q and I statistics. p <0.10
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used. To obtain a more precise evaluation of heterogene-
ity, subgroup analysis was performed for BRFS, CSS, OM
and OS based on geographical region, date of publication,
mean age, sample size, mean preoperative PSA (p-PSA)
concentration, median follow-up and adjuvant radiotherapy
(aRT). Sensitivity analysis was performed to test the reli-
ability of the total pooled results by sequential omission of
individual studies. In addition, publication bias was assessed
using funnel plots and Egger’s test. All statistical tests in this
meta-analysis were undertaken using Stata 14.0 software
(Stata Corporation, College Station, TX). All statistical tests
were two-tailed, and p < 0.05 was considered statistically
significant.

Results
Search results

Figure 1 shows a flow chart of our selection process. The
search strategy yielded 2150 potential studies. According
to the exclusion criteria, we excluded 1857 duplicate or not
relevant articles on screening of the titles and abstracts. The
full text of 293 articles was assessed, and 256 articles were
excluded for study groups or insufficient data. Finally, 32

Fig. 2 Forest plots of studies to

evaluate the association between

PSM and BRFS outcomes in - Study
PCa patients D

Kliment (2017)
Fujimura (2017)
Xu (2016)
Zhang (2016)
Maxeiner (2016)
Eminaga (2016)
Kim (2015)

Liu (2015)
Jeong (2015)

publications [8, 12-42] (19 reporting BRFS, 9 CSM, 7 OS,
6 CSS, 4 OM) published from 2010 to 2017 were included
in the meta-analysis.

Study characteristics and quality assessments

The detailed characteristics of the studies are listed in
Table 1. All studies were published between 2010 and 2017,
with the mean duration of follow-up varying from 18.1 to
174 months. A total of 141,222 patients (ranging from 51
to 65,633) underwent RP for PCa management, of which
31,421 patients were reported to have PSMs. Nine studies
[8, 17, 19, 20, 30, 32, 34, 36, 37, 42] reported the use of
radiotherapy as an adjuvant therapy after RP, and the propor-
tion of patients who received aRT was 0.2-69%. Of the 32
studies, 11 were conducted in North America, 10 in Asia, 8
in Europe and 3 at international multi-centres. All articles
included were published in English. The NOS was applied
to assess the quality of the included studies, and the results
showed all the studies were of high quality, with an NOS
score > 7 (Supplementary Table S1).

Meta-analysis

Our meta-analysis demonstrated that a PSM in PCa was
associated with poorer BRFS (RE HR =1.35, 95% CI

%

HR (95% Cl) Weight

1.67 (0.97,2.87) 1.03

—_— 1.61(1.41,1.84) 7.10
— = 195(1.46,2.61) 293
— 1.44 (1.11,1.87) 3.39
1.40 (1.13,1.74)  4.42

——i 1.24 (1.13,1.36) 8.91
1.34(1.18,1.53) 7.33
s 1.63(1.27,2.09) 3.67
- 1.26(1.20,1.32) 10.78

Rouanne (2014) —— 1.18(1.01,1.38) 6.22
Park (2014) —0-;— 1.29(1.08, 1.53) 5.59
McNeill (2014) —_—t— 1.42(1.10, 1.83) 3.60
Zhong (2012) —_— 1.31(1.09,1.57) 5.37
Min (2012) —E—o— 1.45(1.26, 1.67) 6.90
Joniau (2012) N 1.27 (0.90, 1.81) 2.18
Dorin (2012) _— 1.35(1.22,1.49) 8.62
Oh (2011) —_— 1.01(0.82, 1.24) 4.70
Ku (2011) | ‘:—0— 1.63 (1.33,2.00) 4.78
Villari (2010) —_— 1.03 (0.74,1.42) 2.46
Overall (I-squared = 57.7%, p = 0.001) <> 1.35(1.28, 1.43) 100.00

NOTE: Weights are from random effects analygis
T

T
.349
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1.28-1.48, p<0.001, I’=57.7%, Pheterogeneity = 0-001,
Fig. 2), CSS (RE HR=1.49, 95% CI 1.16-1.90, p=0.001,
I?=72.5%, Ppeerogencity =0-003, Fig. 3a) and OS (RE
HR=1.11, 95% CI 1.02-1.20, p=0.014, I’=63.9%,
Pheterogencity = 0-011, Fig. 3b). In addition, patients with a
PSM were found to have an increased risk in terms of CSM
(FE HR =1.23, 95% CI 1.16-1.30, p <0.001, I’ =10.3%,
Pheterogeneity = 0-359, Fig. 3¢) and OM (RE HR=1.09, 95%
CI 1.02-1.16, p=0.009, I*=62.9%, Pheterogencity = 0-044,
Fig. 3d). To explore the source of heterogeneity for BRFS,
CSS, OS and OM, subgroup analyses stratified by geograph-
ical region, date of publication, mean age, sample size, mean
p-PSA, median follow-up and aRT (yes/no) were performed.
The results of subgroup analyses again suggested a PSM
as a prognostic factor despite heterogeneity among some
groups (Table 2).

In sensitivity analyses, excluding one study at a time, the
pooled HR for BRFS ranged from 1.33 (95% CI 1.26-1.41)
to 1.37 (95% CI 1.30-1.45). Similarly, the pooled HR for
CSS ranged from 1.38 (95% CI 1.11-1.72) to 1.62 (95%
CI 1.28-2.05), the pooled HR for OS ranged from 1.06

(95% CI1.00-1.11) to 1.15 (95% CI 1.03-1.29), the pooled
HR for CSM ranged from 1.21 (95% CI 1.14-1.29) to 1.27
(95% CI 1.19-1.35) and the pooled HR for OM ranged
from 1.06 (95% CI 0.98-1.14) to 1.12 (95% CI 1.08-1.16)
(Supplementary Figure S1-5). These results indicated
that the findings were reliable and robust. In addition, no
statistical evidence of publication bias was found in this
meta-analysis, as assessed by Egger’s tests for BRFS (p
Egger=0.108, Fig. 4a), CSS (p Egger=0.146, Fig. 4b), OS
(p Egger=0.145, Fig. 4c), CSM (p Egger=0.353, Fig. 4d)
and OM (p Egger=0.457, Fig. 4e).

Discussion

Despite diverse multimodality treatment options and exten-
sive studies, PCa remains a major health burden in men,
and its diverse clinical outcomes regarding progression is
a challenge to be addressed. As a result, various factors,
including pathologic features and novel molecular biomark-
ers, are currently regarded as being useful for predicting

Study % s %
© HR @5% C1) Weight © HR @s% € Weight
' Mois 2018) | —————— 130110.170)
Moris (2016) —_— « ) H
| Mithal 2016 — 103087, 100) 2055
minaga (2016) —_— 147,200 ‘
' Eminaga (2016) 123083.182) 381
...... 0w | I sa0s7.270 [
' 9 2018) —_— 102096, 109)
JJJJJ @018) - (1.05.129)
L 2eng o —_—_— 105082.138)
omar 2019) P 26401 ) :
1 Dorin 2012) —_— 118,108, 128) 2140
2010) —_——— 094059, 165) i
v @010 _— 143078, 168) a00
NOTE: Weights are flom andom effects w tom random effects
T T T T
216 483 551 82
Study %
© HR (35% C1) Weight
RO5% C) gt
i
Heering (2017) —_ 1.08(0.35,124) 1945
Moschini (2016) —_— 134(1.08,170) 812 .
Wahal (2016) —_— 1410147,071) 559 Vo 2016> —Q—-H 1160105,128) s
Boehm (2016) — 125(1.07,145) 1519 :
Kroeder ¢20 _— 10103,100) R
Knoedler (2014) — 114(034,137) 973
Toujer (2014) ——— 143 (0.85,1.50) 428 airey (20 —_— 1130109, 1.18) 4%
Machel (2012) —_— 139(1.08,177) 503 :
: Mechet (2012> —_— 105095, 1.17) X3
Lewinshtein (2012) —_——— > 200(063,638) 028 !
Wight (2010) - 1250143,1.40) 236 Overa hsqured = 029%,p = 0048) <> 100002,1.16) w00
Overall (-squared = 10.3%, p = 0.349) ® 1.23(116,1.30) 10000 :
' NOTE: Weights are from random effects anlysis:
T T T T

as7

Fig. 3 Forest plots of studies to evaluate the association between PSM and prognostic outcomes in PCa patients: a CSS,

24

b OS, ¢ CSM, d OM
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Table2 Summary and subgroup
analysis for the eligible studies

@ Springer

Analysis specification

No. of studies Study heteroge-

neity

12 (%) Pheterogeneil

Effects model Pooled HR (95% CI) P value

BRFS
Overall

Geographical region

Asia
Other regions

Date of publication

>2015
<2015
Mean age (years)
>65
<65

Sample size (cases)

>800
<800

Mean p-PSA (ng/ml)

>10
<10
Median follow-up
> 65 months
< 65 months

Adjuvant radiotherapy

Yes

No
CSS
Overall

Geographical region

Other regions

Date of publication

>2015
<2015
Mean age (years)
>65
<65

Mean p-PSA (ng/ml)

>10
<10
Median follow-up
> 65 months
< 65 months
oM
Overall

Date of publication

<2015
Mean age (years)
>65

Sample size (cases)

>800

Mean p-PSA (ng/ml)

>10

19

12

57.7 0.001
65.6 0.003
0 0.634
68.3 0.001
48 0.044
75.7 <0.001
19.4 0.282
65.9 0.007
53 0.016
65.6 0.005
68.1 0.005
0 0.421
59.5 0.006
0 0.628
64 < 0.001
72.5 0.003
76.8 0.002
71.5 0.015
84.6 0.011
73.1 0.054
74.9 0.007
73.1 0.054
74.9 0.007
0 0.472
1.8 0.383
62.9 0.044
73.3 0.024
41.6 0.191
49.5 0.138
26.4 0.244

Random 1.35(1.28, 1.43) <0.001
Random 1.44 (1.30, 1.61) <0.001
Fixed 1.27 (1.22, 1.31) <0.001
Random 1.42 (1.29, 1.55) <0.001
Random 1.30 (1.20, 1.41) <0.001
Random 1.43 (1.28, 1.60) <0.001
Fixed 1.26 (1.16, 1.37) <0.001
Random 1.33 (1.23, 1.43) <0.001
Random 1.38 (1.26, 1.52) <0.001
Random 1.32 (1.13, 1.53) <0.001
Random 1.38 (1.27, 1.50) <0.001
Fixed 1.27 (1.22,1.32) <0.001
Random 1.39 (1.27, 1.53) <0.001
Fixed 1.37 (1.11, 1.68) 0.003
Random 1.35(1.27, 1.44) <0.001
Random 1.49 (1.16, 1.90) 0.001
Random 1.47 (1.12,1.92) 0.005
Random 1.45(1.14, 1.84) 0.003
Random 1.58 (0.74, 4.34) 0.377
Random 1.35(0.74, 2.45) 0.328
Random 1.54 (1.13,2.09) 0.006
Random 1.35(0.74, 2.45) 0.328
Random 1.54 (1.13,2.09) 0.006
Fixed 1.15 (1.04, 1.28) 0.006
Fixed 1.71 (1.43,2.04) <0.001
Random 1.09 (1.02, 1.16) 0.009
Random 1.07 (0.99, 1.18) 0.002
Fixed 1.11 (1.04, 1.79) 0.004
Fixed 1.06 (0.99, 1.14) 0.115
Fixed 1.10 (1.01, 1.19) 0.026
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Table 2 (continued)

Analysis specification No. of studies Study heteroge-

Effects model Pooled HR (95% CI) P value
neity

12 (%) Pheterogeneil

Adjuvant radiotherapy

Yes 3
oS

Overall 7
Date of publication

>2015

<2015 3
Mean age (years)

>65 2

<65
Sample size (cases)

>800 6
Mean p-PSA (ng/ml)

<10 3
Median follow-up

> 65 months 4

<65 months 2

0 0.396 Fixed 1.12 (1.08, 1.16) <0.001
63.9 0.011 Random 1.11 (1.02, 1.20) 0.014
75 0.007 Random 1.10 (0.99, 1.23) 0.082
0 0.772 Fixed 1.15 (1.05, 1.25) 0.002
23.8 0.252 Fixed 1.36 (1.09, 1.70) 0.007
0 0.827 Fixed 1.03 (0.99, 1.07) 0.212
69.9 0.005 Random 1.11 (1.02, 1.22) 0.016
0 0.572 Fixed 1.03 (0.97, 1.09) 0.358
50.4 0.109 Fixed 1.06 (0.99, 1.13) 0.074
0 0.444 Fixed 1.41 (1.18, 1.69) <0.001

the prognostic outcomes of RP. Nevertheless, PCa has been
shown to be characterised by unique biological features and
heterogeneous genetic backgrounds, indicating the limita-
tions for predicting postoperative prognostic outcomes in
patients with localised PCa [43].

RP with pelvic lymph node dissection is the standard of
care for localised PCa, with the goals of providing good
oncologic and functional outcomes, especially in patients
with good life expectancy. However, a proportion of patients
inevitably demonstrate adverse pathologic features such as
PSMs, seminal vesicle invasion [44], lymph node metastasis
[45] and perineural invasion [46]. The reported incidence
of PSMs, notwithstanding its significant decrease with RP
because of the advances in surgical techniques, signifies
locally adverse pathology, and PSMs remain an ominous
prognostic factor [47, 48]; moreover, the management of
patients with PSMs remains challenging. Furthermore, the
impact of PSMs on control of PCa has been controversial.
For example, in an analysis of the pathological reports of
65,633 specimens from RPs, Wright et al. demonstrated
the independent role of a PSM in PCa [26]. Subsequently,
Alkhateeb et al. [49] reported that a PSM was an independ-
ent predictor of BRFS in patients with intermediate- and
high-risk PCa. However, Mithal et al. [8] reported that a
PSM was significantly associated with all adverse outcomes
in unadjusted models, although PSMs were only associated
with increased risk of BCR (HR=1.98, p<0.001) and
not with castration-resistant disease, metastases, or CSM
(HR <1.29, p>0.18) after adjusting for demographic and
pathological characteristics.

Patients with BCR following RP have been shown to
be at increased risk for subsequent metastases and death.
However, BCR represents an early event in the natural his-
tory of PCa with heterogeneous outcomes, and BCR does
not systematically translate into clinical progression [42].
Although previous studies have found that PSMs are associ-
ated with an increased risk of BCR, their association with
more clinically robust endpoints is still controversial [50].
The prognostic heterogeneity may often have been incom-
pletely characterised due to limitations in sample size, and
only a large study with enough events can evaluate whether a
PSM is an independent predictor of clinical outcome. In this
meta-analysis, we synthesised 32 studies with a large sample
of 75,589 patients, including 31,421 PSM patients (22.2%),
to explore the relationship between PSMs and oncologic
outcomes in localised PCa.

To the best of our knowledge, the present study was the
first to systematically evaluate the prognostic value of PSM
in patients with PCa, and the data showed that a PSM was a
predictor for BRFS (HR=1.35, p <0.001), CSS (HR=1.49,
p=0.001), OS (HR=1.11, p=0.014), CSM (HR =1.23,
p<0.001) and OM (HR=1.09, p=0.009). The findings
were consistently independent of geographical region, pub-
lication year, age, sample size, p-PSA, follow-up duration
and aRT (yes/no). Sensitivity analyses indicated that the
findings were reliable and robust. In addition, there was no
evidence of significant publication bias in these analyses
according to Begg’s tests. Although there was no evidence
of heterogeneity in terms of CSM, significant heterogene-
ity was detected in the analysis of the BRFS, CSS, OS and
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Begg's funnel plot with pseudo 95% confidence limits
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Fig.4 Funnel plots for evaluating publication bias of the hazard ratios (HRs): a BRFS, b CSS, ¢ OS, d CSM, e OM

OM models. To further explore the source of heterogeneity,
subgroup analyses were conducted. Our data showed that
the significant variations were reduced within some items.

Although we used a systematic method to perform
the present study, the following limitations also should
be taken into account. First, the applied methods for
detecting PSMs in the pathologic specimen were varied

@ Springer
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in the included studies, which may cause heterogeneity
among the studies. Second, substantial heterogeneity was
observed in the meta-analysis; although we chose the RE
model according to heterogeneity, it still existed in our
studies. The heterogeneity was probably caused by differ-
ences in factors such as the patients’ characteristics and
different durations of follow-up. Third, we only included
published studies written in English, and grey literature
was not included, which may cause selection bias. Fourth,
all the included studies were retrospective cohort stud-
ies, and data extracted from those studies may have led to
inherent potential bias.

Nevertheless, the present study has several key strengths.
First, the meta-analysis included 32 studies with a large sam-
ple size to detect more stable associations between PSMs
and clinical outcomes of PCa patients. Second, with the
strict inclusion and exclusion criteria, we extracted avail-
able data from relevant studies. Furthermore, the results
were found to be reliable and robust through subgroup and
sensitivity analyses. Therefore, PSM determination, with
excellent accessibility and low costs, warrants wider applica-
tion in patients with PCa for risk stratification and decision-
making of individualised treatment.

In conclusion, the results of this meta-analysis demon-
strated that the finding of PSMs by histopathology is closely
associated with poor survival in patients with PCa. Due to
limitations in this study, large-scale, multicentre prospective
studies with standardised methods and long-term follow-up
are needed to verify our results.
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