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Abstract.
Objective: We performed an update of previous reviews of the literature to provide an overview on incidence, predictive
factors, management and prognosis of positive surgical margins (PSMs) after partial nephrectomy (PN) including recent
surgical series and studies comparing different approaches and techniques.
Material and methods: A literature search was performed from January 2013 to January 2018 using the Medline database.
The search strategy included a free-text protocol using the term “nephron-sparing surgery” OR “partial nephrectomy” AND
“positive surgical margins” across the title and abstract fields of the records. From each selected study, we extracted the
following data: number of analyzed patients, study design, approach and surgical technique used, PSMs rate, pathological
features, type of PSMs treatment, mean (median) follow-up duration and final patient status. Meta-analysis was conducted
using Review Manager software v. 5.2 (Cochrane Collaboration, Oxford, UK).
Results: We selected a total of 36 (48%) studies. All studies were retrospective and the best statistical method used for
comparison was the matched-pair analysis (level 4). Overall, 45,786 patients treated with PN were included in the selected
studies. PSMs were reported in a total of 3,093 (6.7%) patients. The mean estimated PSMs rate was 7%, 5% and 4.3% in
patients who underwent robot-assisted PN (RAPN), laparoscopic PN (LPN) and open PN (OPN), respectively. Comparative
studies showed a significant advantage in favor of OPN compared with minimally invasive approach, while RAPN showed
more favourable PSMs risk compared with LPN (odds ratio 3.02, 95% confidence intervals 2.05–4.45). No differences were
detected stratifying data according to other surgical or tumor-related factors. Tumor size, nuclear grading and pT3a stage
represent the most important predictors of PSMs. In 6,809 patients, follow-up data were available. Only 101 (1.4%) local
recurrences and 88 (1.3%) distant recurrences were observed both in PSMs and negative surgical margins subgroups. PSMs
were associated with a significant increased risk of local recurrence with a significant impact on local recurrence-free survival
and metastasis-free survival. However, a significant impact on cancer-specific and overall survival could not be demonstrated.
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Conclusions: Studies published in the last 5 years confirmed that PSMs after PN are a rare condition. Although PSMs
increase the risk of local and distant recurrence, their influence on cancer-specific and overall survival seems to be limited.
Close surveillance should be strongly recommended as initial treatment of patients with PSMs after PN.

Keywords: Renal cell carcinoma, nephron-sparing surgery, partial nephrectomy, positive surgical margins, local recurrence,
distant recurrence, systematic review

INTRODUCTION

The aim of nephron-sparing surgery (NSS) is the
complete removal of the renal tumor preserving the
largest possible part of healthy renal parenchyma.
The absence of cancer cells at the level of inked
parenchymal excision surface is an important early
oncologic outcome. Therefore, the evaluation of pos-
itive surgical margins (PSMs) is considered as a
quality metric for patients treated with NSS. Indeed,
the presence of PSMs could be the expression
of persistent disease predisposing local recurrence
and/or distant progression. When physicians is faced
with PSMs, management can be challenging and
controversial, ranging from surveillance to radical
nephrectomy.

Previous non-systematic reviews of the literature
evaluating studies published until 2013 showed that
PSMs after partial nephrectomy (PN) is a rare con-
dition, reported in 0–7% of patients after open PN
(OPN), in 1–4% after laparoscopic PN (LPN) and in
4–6% after robot-assisted PN (RAPN) [1, 2]. Few
data were available about other potential risk factors,
e.g. tumor size, stage or grade. Considering that the
majority of these patients did not experience local
or distant tumor recurrence at an intermediate term
follow-up, previous studies concluded that secondary
partial or radical nephrectomy might not be necessary
[1]. However, surveillance may not be appropriate in
patients showing both PSMs and high-grade disease
[2, 3].

In agreement with the international guidelines, in
the last 5 years an increasing number of large (cT1b-
2) and complex renal tumors have been treated with
NSS using mainly laparoscopic approaches. Notably,
in our experience, we also witnessed a progressive
reduction of the thickness of the peritumoral healthy
parenchyma removed according to some authors
popularizing the simple enucleation (SE) [4].

Herein, we performed an update of previous
reviews of the literature to provide an overview on
incidence, predictive factors, management and prog-
nosis of PSMs after PN including recent surgical

series and studies comparing different approaches
and techniques.

METHODS

A literature search was performed including stud-
ies published from January 2013 to January 2018
using the Medline database. The search strategy
included a free-text protocol using the term “nephron-
sparing surgery” OR “partial nephrectomy” AND
“positive surgical margins” across the title and
abstract fields of the records.

The following limits were used: humans and pub-
lications written in English. Three authors (GG, AC
and VF) separately reviewed the records to select
non-comparative surgical series and randomized or
non-randomized controlled studies reporting the per-
centage of PSMs in patients who underwent either
OPN, LPN or RAPN for renal cell carcinoma (RCC),
with any discrepancy resolved by open discussion.
Only studies reporting on more than 50 cases were
selected. Other significant studies cited in the ref-
erence lists of the selected papers were evaluated,
as well as relevant studies published after the sys-
tematic search. Studies published only as abstracts
and reports from meetings were not included in the
review.

The selected studies were grouped in two cate-
gories: 1) studies only reporting on the rate of PSMs
after PN and 2) studies reporting on predictors, man-
agement and follow-up of PSMs.

All the papers were distinguished according to
the 2011 level of evidence for therapy studies: sys-
tematic review of randomized trials or n-of-1 trials
(level 1); randomized trials or observational studies
with dramatic effects (level 2); non-randomized con-
trolled cohort/follow-up studies (level 3); case series,
case-control studies, or historically controlled stud-
ies (level 4); and mechanism-based reasoning (level
5) [5].

From each selected study, we extracted the follow-
ing data: number of analyzed patients, study design,
approach and surgical technique used, PSMs rate,
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Fig. 1. Flow-chart of the systematic review. LPN = laparoscopic partial nephrectomy; MIPN = minimally invasive partial nephrectomy;
OPN = open partial nephrectomy; PSMs = positive surgical margins; RAPN = robot-assisted partial nephrectomy; SE = simple enucleation;
SPN = standard partial nephrectomy.

pathological features, type of PSMs treatment, mean
(median) follow-up duration and final patient sta-
tus. All data retrieved from the selected studies were
recorded in an electronic database. Quality control
of the electronic data recording was performed on a
random sample of papers (accounting for about 15%
of the articles)

Meta-analysis was conducted using Review Man-
ager software v. 5.2 (Cochrane Collaboration,
Oxford, UK). Specifically, statistical heterogeneity
was tested using the χ2 test. A value of p < 0.10 was
used to indicate heterogeneity. In the case of a lack
of heterogeneity, fixed-effects models were used for
meta-analyses. The results were expressed as odds
ratio (OR) with 95% confidence intervals (CIs).

RESULTS

From 75 records initially identified, we selected 36
(48%) studies meeting the criteria of this search. No
randomized controlled trials were available. Eleven
(30.5%) studies were comparative studies evaluating
different surgical approaches. Specifically, 5 studies

compared LPN versus RAPN, 3 studies OPN versus
RAPN, and 3 studies OPN versus minimally invasive
procedures (LPN and RAPN). Two (5.5%) studies
compared no ischemia versus different ischemia tech-
niques. All comparative studies were retrospective
and the best statistical method used for comparison
was the matched-pair analysis (level 4). Figure 1
shows the flowchart of the systematic review and the
factors evaluated into the studies.

Overall 45,786 PNs were included in the 36
selected studies. PSMs were reported in a total of
3,093 (6.7%) patients. The mean PSMs rate reported
in the selected studies ranged from 0.7% to 10.1%
(Table 1). Data concerning RAPN were evaluable
in 22 studies including a total of 26,606 cases. In
this subgroup of patients, 1,884 (7%) PSMs were
reported. Mean PSMs rate reported in RAPN series
ranged between 0–8.5% (Table 2). Ten studies includ-
ing 2,013 cases reported PSM rates after LPN. A total
of 104 (5%) cases with PSMs were reported. Mean
PSMs rate reported in LPN series ranged between
1–12% (Table 3a). OPN data were available in 7
studies including a total of 7.126 patients. In this
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Table 1
Incidence of PSMs reported in the 36 studies selected in the present systematic review

Authors Study Cases Approach PSMs rate PSMs cases
(n) (%) (n)

Kaczmarek, 2013 [6] Case series 886 RAPN 3% 26
Porpiglia, 2013 [7] Case series 206 LPN 2.9% 6
Roushias, 2013 [8] Case series 128 OPN/LPN 10.1% 13
Williams, 2013 [9] Comparative 86 LPN Vs RAPN 9.3% 8
Khalifeh, 2013 [10] Case series 943 RAPN 2.2% 21
Zargar, 2014 [11] Comparative 125 OPN Vs RAPN 4% 5
Jang, 2014 [12] Comparative 127 LPN Vs RAPN 0.7% 1
Akca, 2014 [13] Case series 110 RAPN 1.8% 2
Longo, 2014 [14] Case series 280 OPN/LPN 4.2% 12
Carneiro, 2015 [15] Comparative 347 LPN Vs RAPN 2.9% 10
Curtiss, 2015 [16] Case series 228 RAPN 2.1% 5
Kim, 2015 [17] Comparative 390 LPN Vs RAPN 1.5% 6
Komninos, 2015 [18] Case series 162 RAPN 4.9% 8
Lista, 2015 [19] Case series 339 RAPN 6.5% 22
Serni, 2015 [20] Case series 84 RAPN 3.6% 3
Zargar, 2015 [21] Comparative 1831 LPN Vs RAPN 6% 109
Tabayoyong, 2015 [22] Comparative 11587 OPN Vs MIPN 7% 811
Dong, 2016 [23] Case series 270 LPN 2.2% 6
Ito, 2016 [24] Case series 156 LPN 3.7% 6
Malkoc, 2016 [25] Comparative 110 OPN Vs RAPN 4.5% 5
Novara, 2016 [26] Case series 465 RAPN 4.5% 21
Paulucci, 2016 [27] Case series 665 RAPN 3.6% 24
Roberts, 2016 [28] Case series 50 LPN 4% 2
Shah, 2016 [29] Case series 1240 PN 7.8% 97
Wang, 2016 [30] Case series 117 PN 8.5% 10
Bigot, 2017 [31] National database 234 PN 6% 14
Hennessey, 2017 [32] Case series 249 RAPN 3.2% 8
Khene, 2017 [33] Case series 216 RAPN 2.8% 6
Matos, 2017 [34] Case series 60 OPN/LPN 6.6% 4
Maurice, 2017 [35] Comparative 605 OPN Vs RAPN 4.3% 26
Veeratterapillay, 2017 [36] Case series 250 RAPN 7.3% 18
Xia, 2017 [37] National database 18724 RAPN 8.5% 1597
Bansal, 2017 [38] National database 1103 PN 6.4% 70
Marchinena, 2017 [39] Comparative 314 OPN Vs MIPN 7% 22
Delto, 2018 [40] Case series 1236 RAPN 4.6% 56
Petros, 2018 [41] Comparative 1863 OPN Vs MIPN 1.8% 33
Analysis 36 studies 45786 0.7–10,1% 3093 (6.7%)

LPN = laparoscopic partial nephrectomy; MIPN = minimally invasive partial nephrectomy; OPN = open partial
nephrectomy; PSMs = positive surgical margins; RAPN = robot-assisted partial nephrectomy.

subgroup of patients, PSMs were observed in 313
(4.3%) cases. Mean PSMs rate reported in OPN series
ranged between 1.8–18% of cases (Table 3b).

Only two comparative studies showed significant
differences in terms of PSM rate between differ-
ent surgical approaches. Specifically, Tabayoyong
et al. reported lower PSMs rate in patients who
underwent OPN compared with those receiving a
minimally invasive approach [22]. Similarly, Zargar
et al. reported a lower PSMs rate in OPN compared
with RAPN [11]. Table 4 summarizes data reported
in the remaining 9 comparative studies. Cumulative
analysis of studies comparing OPN versus RAPN
showed overlapping results between the two tech-
niques in terms of positive surgical margins (Fig. 2).
Conversely, cumulative analysis comparing LPN

versus RAPN showed significant advantages in favor
of RAPN (OR 3.02, 95%CIs 2.05–4.45) (Fig. 3).

Table 5 summarizes PSMs rates stratified accord-
ing to the investigated surgical-related factors
(Table 5). Surgical experience did not influence PSMs
rate in a single-surgeon LPN series [7] as well as
no differences were observed among expert surgeons
and fellows in a single-center RAPN series [33].
Conversely, hospital volume impacts significantly on
PSM rate as reported by National Cancer Database
[37]. Two studies stratified PSM rates according to
clamp or off-clamp techniques [18, 27]. Cumula-
tive analysis of previous studies did not demonstrate
significant differences between off-clamp, selective
clamping and main artery clamping techniques
(Fig. 4).
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Table 2
Incidence of PSMs in 22 studies reporting data after RAPN

Authors Cases Approach PSMs rate PSMs cases
(n) (%) (n)

Kaczmarek, 2013 [6] 886 RAPN 3% 26
Williams, 2013 [9] 27 RAPN 4% 1
Khalifeh, 2013 [10] 943 RAPN 2.2% 21
Zargar, 2014 [11] 40 RAPN 7% 3
Jang, 2014 [12] 89 RAPN 0% 0
Akca, 2014 [13] 110 RAPN 1.8% 2
Carneiro, 2015 [15] 44 RAPN 2.2% 1
Curtiss, 2015 [16] 228 RAPN 2.1% 5
Kim, 2015 [17] 195 RAPN 1.5% 3
Komninos, 2015 [18] 162 RAPN 4.9% 8
Lista, 2015 [19] 339 RAPN 6.5% 22
Serni, 2015 [20] 84 RAPN 3.6% 3
Zargar, 2015 [21] 1185 RAPN 3.2% 38
Malkoc, 2016 [25] 54 RAPN 5.6% 3
Novara, 2016 [26] 465 RAPN 4.5% 21
Paulucci, 2016 [27] 665 RAPN 3.6% 24
Hennessey, 2017 [32] 249 RAPN 3.2% 8
Khene, 2017 [33] 216 RAPN 2.8% 6
Maurice, 2017 [34] 415 RAPN 4.5% 18
Veeratterapillay, 2017 [36] 250 RAPN 7.3% 18
Xia, 2017 [37] 18724 RAPN 8.5% 1597
Delto, 2018 [40] 1236 RAPN 4.6% 56
Analysis 26606 22 studies 0 – 8.5% 1884 (7%)

PSMs = positive surgical margins; RAPN = robot-assisted partial nephrectomy.

Table 3a
Incidence of PSMs in studies reporting data after LPN

Authors Cases Approach PSMs rate PSMs cases
(n) (%) (n)

Porpiglia, 2013 [7] 206 LPN 2.9% 6
Roushias, 2013 [8] 90 LPN 6% 5
Williams, 2013 [9] 59 LPN 12% 7
Jang, 2014 [12] 38 LPN 2.6% 1
Carneiro, 2015 [15] 303 LPN 2.3% 7
Kim, 2015 [17] 195 LPN 1% 2
Zargar, 2015 [21] 646 LPN 9.7% 62
Dong, 2016 [23] 270 LPN 2.2% 6
Ito, 2016 [24] 156 LPN 3.7% 6
Roberts, 2016 [28] 50 LPN 4% 2
Analysis 2013 10 studies 1–12% 104 (5%)

LPN = laparoscopic partial nephrectomy; PSMs = positive surgical margins.

Table 3b
Incidence of PSMs in studies reporting data after OPN

Authors Cases (n) Approach PSMs rate (%) PSMs cases (n)

Roushias, 2013 [8] 38 OPN 18% 13
Zargar, 2014 [11] 85 OPN 9% 5
Tabayoyong, 2015 [22] 5094 OPN 4.9% 249
Malkoc, 2016 [25] 56 OPN 3.6% 2
Maurice, 2017 [35] 190 OPN 4.2% 8
Marchinena, 2017 [39] 142 OPN 6.3% 9
Petros, 2018 [41] 1521 OPN 1.8% 27
Analysis 7126 7 studies 1.8–18% 313 (4.3%)

OPN = open partial nephrectomy; PSMs = positive surgical margins.
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Table 4
Incidence of PSMs reported in studies comparing the different surgical approaches

Authors Approaches PSMs cases PSMs rate p value

Zargar, 2014 [11] OPN (n = 85) 7 9% Not significant
RAPN (n = 40) 3 6.7%

Malkoc, 2016 [25] OPN (n = 56) 2 3.6% Not significant
RAPN (n = 54) 3 5.6%

Maurice, 2017 [35] OPN (n = 190) 8 4.2% Not significant
RAPN (n = 415) 18 4.5%

Tabayoyong, 2015 [22] OPN (n = 5094) 249 4.9% <0.001
MIPN (n = 6493) 551 8.5%

Marchinena, 2017 [39] OPN (n = 142) 9 6.3% Not significant
MIPN (n = 172) 13 7.5%

Petros, 2018 [41] OPN (n = 1521) 27 1.8% Not significant
MIPN (n = 342) 6 1.8%

Williams, 2013 [9] LPN (n = 59) 7 12% Not significant
RAPN (n = 27) 1 4%

Jang, 2014 [12] LPN (n = 38) 1 2.6% Not significant
RAPN (n = 89) 0 0%

Carneiro, 2015 [15] LPN (n = 303) 7 2.3% Not significant
RAPN (n = 44) 1 1.7%

Kim, 2015 [17] LPN (n = 195) 3 1.5% Not significant
RAPN (n = 195) 2 1%

Zargar, 2015 [21] LPN (n = 646) 62 9.7% <0.001
RAPN (n = 1185) 38 3.2%

LPN = laparoscopic partial nephrectomy; MIPN = minimally invasive partial nephrectomy; OPN = open
partial nephrectomy; PSMs = positive surgical margins; RAPN = robot-assisted partial nephrectomy.

Fig. 2. Cumulative analysis of studies comparing open partial nephrectomy vs robot-assisted partial nephrectomy in terms of positive surgical
margins rates. OPN = open partial nephrectomy; RAPN = robot-assisted partial nephrectomy.

Fig. 3. Cumulative analysis of studies comparing laparoscopic partial nephrectomy vs robot-assisted partial nephrectomy in terms of positive
surgical margins rates. LPN = laparoscopic partial nephrectomy; RAPN = robot-assisted partial nephrectomy.

Conflicting results were reported in studies com-
paring SE with SPN. While Longo et al. reported a
significant lower PSMs rate in the SE group compared
with the SPN one, Wang et al. observed a higher
percentage of PSMs in patients who underwent SE

compared with SPN [14, 30]. Finally, Dong et al.
did not report differences between the two surgi-
cal techniques [23]. Cumulative analysis showed
overlapping results between the two techniques
(Fig. 5).
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Table 5
Incidence of PSMs in studies stratifying data according to surgical-related factors

Authors Approaches Comparison Subgroups PSMs rate (%) p value

Porpiglia, 2013 [7] LPN Surgeon experience Group 1 (n = 50) 3.9% Not significant
Group 2 (n = 50) 1.9%
Group 3 (n = 50) 1.9%
Group 4 (n = 50) 3.8%

Khene, 2017 [33] RAPN Surgeon experience Expert surgeons (n = 127) 3.1% Not significant
Fellows (n = 89) 2.2%

Xia, 2017 [37] RAPN hospital volume Very low volume (n = 3693) 11.8% <0.001
Low volume (n = 3719) 9.5%
Medium volume (n = 3833) 9.4%
High volume (n = 3649) 7.5%
Very high volume (n = 3830) 4.6%

Komninos, 2015 [18] RAPN Ischemia methods Off-clamp (n = 23) 0% Not significant
Selective Clamp (n = 25) 8.6%
Main artery clamp (n = 114) 6.5%

Paulucci, 2016 [27] RAPN Ischemia methods Selective Clamp (n = 66) 3% Not significant
Main artery clamp (n = 132) 5.7%

Longo, 2014 [14] OPN/LPN Simple enucleation
Vs standard PN

SE (n = 145) 1.4% 0.02

SPN (n = 145) 6.9%
Dong, 2016 [23] LPN Simple enucleation

Vs standard PN
SE (n = 98) 1% Not significant

SPN (n = 98) 3.1%
Wang, 2016 [30] PN Simple enucleation

Vs standard PN
SE (n = 59) 17.2% <0.001

SPN (n = 58) 0%

LPN = laparoscopic partial nephrectomy; OPN = open partial nephrectomy; PN = partial nephrectomy; PSMs = positive surgical margins;
RAPN = robot-assisted partial nephrectomy.

Fig. 4. Cumulative analysis of studies comparing clamp versus off-clamp techniques.

Fig. 5. Cumulative analysis of studies comparing simple enucleation versus standard partial nephrectomy. SE = simple enucleation;
SPN = standard partial nephrectomy.

Table 6 summarizes PSMs rates stratified accord-
ing to the evaluated tumor-related factors. Risk
categories according nephrometry systems, tumor
size, and cystic or solid tumor feature did not influ-
ence PSMs rates [8, 13, 16, 26, 34, 40].

Considering the potential predictors of PSMs,
Tabayoyong et al. clearly demonstrated that tumor
2–3 cm in size (OR 1.21, p = 0.03), LPN approach
(OR 1.8, p < 0.001) and RAPN approach (OR 1.79,
p < 0.001) were the most important predictors for
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Table 6
Incidence of PSMs in studies stratifying data according to tumor-related factors

Authors Approaches Comparison Subgroups PSMs rate (%) p value

Roushias, 2013 [8] OPN/LPN Tumor location Low risk (n = 55) 1.9% Not significant
Moderate risk (n = 68) 7.8%
High risk (n = 5) 40%

Curtiss, 2015 [16] RAPN Tumor location Endophytic (n = 30) 0% Not significant
Esophytic (n = 267) 2.4%

Matos, 2017 [34] OPN/LPN Tumor location Low risk (n = 7) 14.3% Not significant
Moderate risk (n = 42) 4.8%
High risk (n = 22) 4.5%

Delto, 2018 [40] RAPN Tumor size cT1a (n = 940) 4.5% Not significant
cT1b (n = 294) 3.3%
cT2a (n = 22) 4.5%

Akca, 2014 [13] RAPN Cystic Vs Solid lesions Cystic lesions (n = 55) 0% Not significant
Solid lesions (n = 55) 4.2%

Novara, 2016 [26] RAPN Cystic Vs Solid lesions Cystic lesions (n = 54) 7.4% Not significant
Solid lesions (n = 411) 4.2%

Bigot, 2017 [31] PN Chromophobe 6%

LPN = laparoscopic partial nephrectomy; OPN = open partial nephrectomy; PN = partial nephrectomy; PSMs = positive surgical mar-
gins; RAPN = robot-assisted partial nephrectomy.

PSMs after PN also when data were adjusted for
hospital volume [22]. More recently, Bansal et al.
reported that pT3a stage and G3-4 nuclear grade were
independent predictors of PSMs after PN [38].

Only 14 of the 36 selected studies reported data
on the oncologic follow-up (range 12–62 months)
(Table 7). These studies included 6,809 patients with
314 (4,6%) PSMs. Only 101 (1,4%) local recurrences
and 88 (1,3%) distant recurrences were observed dur-
ing the follow-up both in PSMs and negative surgical
margins (NSMs) subgroups.

Four studies reported oncologic data stratified
according to surgical margin status after PN [10, 29,
39, 38]. In three studies, the presence of PSMs was
associated with a significant increased risk of local
recurrence [10, 29, 39]. Specifically, multivariable
analyses demonstrated that PSMs are a strong predic-
tor of local recurrence especially in combination with
high nuclear grade of the tumor [29, 39]. Recently,
Petros et al. reported a significant impact of PSMs on
local recurrence-free survival and metastasis-free sur-
vival, failing to demonstrate a significant impact on
overall survival [41]. Conversely, Bansal et al. failed
to demonstrate a significant role of PSMs on disease
progression at multivariable analysis [38].

DISCUSSION

PSMs after PN for RCC remain a rare condition
regardless of the approach and surgical technique
used. Minimally invasive procedures as well as tumor
size, pT3a stage and high nuclear grade seem to be the
most important factors associated with an increased

risk of PSMs after PN. Although some studies con-
firmed the predictive role of PSM on risk of local and
distant recurrences, only few patients showed these
unfavorable prognostic conditions. Moreover, PSMs
were shown not to impact on cancer-specific and
overall survival. For this reason, a close surveillance
strategy is justified in the majority of patients with
PSMs after PN. Salvage surgical treatments should
be considered in patients with locally advanced or
high-grade tumors associated with PSMs.

Similarly to the previous non-systematic review of
the literature, our research confirmed that the majority
of the available studies were single-center or mul-
ticenter surgical series or low-quality comparative
studies. Therefore, the level of evidence supporting
data of the present systematic review is of low quality
(level 4).

Previous non-systematic reviews including studies
published between 2001 and 2012 showed an overall
PSMs rate ranging from 0 to 7% after elective NSS.
Our data showed a PSMs rate of 7% with studies
reporting values between 0.7 to 10.1%. Interestingly,
in the last 5 years the majority of patients included in
the studies underwent a RAPN (n = 26,606), followed
by OPN (n = 7,126) and LPN (n = 2,013), respec-
tively.

Several surgical-related factors were investigated
as potential predictors of PSMs rate. According to the
different approach, previous reviews showed PSMs
rates ranging between 0–7% after OPN, 0.7–4%
after LPN, and 3.9–5.7% after RAPN [1, 2]. Our
analysis showed that PSMs rate was 7%, 5% and
4.3% after RAPN, LPN and OPN, respectively,
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Table 7
Studies reporting on PSMs status and oncologic outcomes

Authors Cases PSMs rate Comparison Follow-up Local recurrence Distant recurrence Notes
(%) (months) n (%) n (%)

Khalifeh, 2013 [10] 943 2.2% PSMs (n = 21) 17 2 (9.5%) 2 (9.5%) Statistically significant difference
(p < 0.001)NSMs (n = 922) 7 (0.7%) 2 (0.2%)

Shah, 2016 [29] 1240 7.8% PSMs (n = 97) 33 8 (8.2%) 9 (9.2%) PSMs, tumor size, G3-4 and pT3a
were independent predictors of LR

NSMs (n = 1143) 34 (2.9%) 24 (2%)
Marchinena, 2017 [39] 314 7% PSMs (n = 22) 24 2 (9%) 2 (9%) PSMs and G3-4 were independent

predictors of LRNSMs (n = 292) 4 (1.3%) 6 (2%)
Bansal, 2017 [38] 1103 6.4% PSMs (n = 68) 15 2 (2.9%) 5 (7.3%) PSMs have not significant role on

disease progressionNSMs (n = 935) 19 28 (2.9%) 21 (2.2%)
Petros, 2018 [41] 1863 1.8% PSMs (n = 34) 62 4 (11.7%) 5 (14.7%) PSMs impact on local- and

metastatic-RFS. No impact on OSNSMs (n = 100)
Serni, 2015 [20] 84 3.6% None 54 1 (1.2%) 3 (3,5%) 5-yr RFS 90,8%; CSS 96,1%; OS

88%
Dong, 2016 [23] 270 2.2% SE (n = 98) 39,5 1 (1%) 1 (1%) Non-statistically significant

differenceSPN (n = 98) 36,9 1 (1%) 2 (2%)
Ito, 2016 [24] 132 3.7% None 45 1 (0.7%)
Malkoc, 2016 [25] 110 4.5% OPN (n = 56) 24,2 1 (2.1%) 2 (4.3%) Non-statistically significant

difference
RAPN (n = 54) 19,4 2 (4.9%) 3 (7.3%)

Wang, 2016 [30] 117 8.5% SE vs SPN 20 0 0
Bigot, 2017 [31] 234 6% Chromophobe 35 2 (0.8%) 0
Hennessey, 2017 [32] 249 3.2% None 12 0 0
Veeratterapillay, 2017 [36] 250 7.3% None 12 1 (0.4%) 1 (0.4%)
Delto, 2018 [40] 1236 4.6% Tumor size 12 RFS: 99.6% (T1a); 100% (T1b);

91.7% (T2a)

CSS = cancer-specific survival; LR = local recurrence; NSMs = negative surgical margins; OPN = open partial nephrectomy; OS = overall survival; PSMs = positive surgical margins;
RAPN = robot-assisted partial nephrectomy; RFS = recurrence-free survival; SE = simple enucleation; SPN = standard partial nephrectomy.
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with ranges between 0–8.5%, 1–12% and 1.8–18%,
respectively.

Moreover, non-randomized studies comparing
OPN versus LPN or LPN versus RAPN reported
overlapping PSM rates [1, 2]. The majority of avail-
able comparative studies showed overlapping results
among the different approaches with exception of
two large studies comparing OPN versus MIPN
and LPN versus RAPN, respectively. Zargar et al.
reported a significant lower risk of PSMs in patients
who underwent RAPN compared with LPN [21] and
Tabayoyogo et al. a significant lower risk of PSMs in
patients who underwent OPN compared with MIRP.
In the same study, LPN and RAPN turned out to be
independent predictors of PSM at multivariable anal-
ysis also when data were adjusted for hospital volume
[22]. Considering the wide diffusion of laparoscopic
techniques in the last years, findings of the latter
study should be confirmed in large, well-conducted,
comparative studies.

Ischemia allows better visualization of the tumor
limits facilitating complete tumor resection and min-
imizing the potential risk of PSMs. Conversely,
prolonged warm ischemia time can impact nega-
tively on the postoperative renal function. In 2006
Duvdevani et al. reported a PSMs rate of 0.6% in
patients performing PN with warm ischemia and
4.2% in those receiving a clampless technique. There-
fore, they concluded that no vascular occlusion
could increase significantly the risk of PSMs during
PN [42]. However, other studies failed to demon-
strate significant differences in terms of PSMs rates
in patients who underwent no ischemia or warm
ischemia during PN [43, 44]. We selected 2 surgi-
cal series stratifying data according to the different
methods used to manage the vascular pedicle dur-
ing PN. Both studies failed to demonstrate significant
difference between clamp or clampless approaches
[18, 27].

Studies included in the previous non-systematic
reviews clearly showed that a minimal tumor-free
margin is sufficient to avoid PSMs after PN. More-
over, in 2011 Minervini et al. reported lower PSMs
rate after SE compared with SPN technique in a retro-
spective, multicenter study comparing 537 SE cases
with 982 SPN cases [45]. These data supported the
diffusion of SE instead of SPN. Data collected in the
present systematic review are conflicting. Longo et al.
in a multicenter study enrolling both OPN and LPN
showed a significantly lower PSMs rate in patients
who underwent SE compared with those receiving
SPN [14]. Conversely, Dong et al. observed similar

PSMs rates after SE and SPN in a matched-pair
analysis comparing 98 SE and 98 SPN cases [23].
Interestingly, a recent pathological study comparing
the two techniques showed a significant higher PSMs
rate after SE in comparison with SPN. We believe that
further well-done studies should be performed before
drawing the definitive conclusion that SE equals
minimal PN in terms of oncologic safety.

Several tumor-related factors were investigated as
potential predictors of PSMs after PN. In details,
tumor size and tumor location as well as histologic
subtype and nuclear grading were extensively evalu-
ated.

Studies evaluating the impact of tumor size on
PSMs rate showed conflicting and inconclusive
results [1, 2]. While some studies demonstrated simi-
lar PSMs rates in case of tumors ≤ or >4 cm [46, 47],
Yossepowitch et al. observed that increasing tumor
size was associated with lower incidence of PSMs at
uni- and multivariable analyses [48]. More recently,
Delto et al. analyzed the impact of tumor size in a
large series of RAPN reporting similar PSMs rates
regardless of tumor diameter [40]. We agree that an
inaccurate estimation of tumor extension as well as
absence or incomplete development of pseudocap-
sule and the accidental disintegration of the resection
margins are more likely to occur in smaller tumors.

Until 2012, few studies evaluated the impact of
tumor location on the risk of PSMs after PN. All
studies were strongly limited by the lack of use of
standardized and reproducible nephrometry systems
introduced in 2009 [49, 50]. The arbitrary defini-
tion of tumor location strongly limited definitive
conclusions in previous non-systematic reviews [1].
Moreover, available studies reached contrasting con-
clusions. Some studies showed comparable PSM
rates for central and peripheral tumors [51], others a
higher risk for central located tumors [52, 53]. In the
last years, some studies stratified PSM rates accord-
ing to the risk categories defined by nephrometry
scores [8, 16, 34]. No study demonstrated a signif-
icant impact of nephrometry score on risk of PSMs.

Controversial data were reported concerning the
potential correlation between histologic subtype and
risk of PSMs. In a study published in 2007, Kwon
et al. concluded that tumor histology was not predic-
tive of surgical margin status. However, in this series
the Authors observed a higher risk of local recur-
rence in patients with PSMs and aggressive histologic
subtypes [54]. Other Authors observed a higher fre-
quency of high-grade tumors in patients with PSMs
compared with those with NSMs [52]. Recent studies
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confirmed the important role of high nuclear grading
to predict the risk of PSMs and local recurrence [29,
39]. Two studies compared cystic versus solid lesions
showing overlapping results in terms of PSM rates
[13, 26].

Frozen-section analysis was adopted for several
years with the intent to reduce the risk of PSMs dur-
ing PN. However, the accuracy of frozen sections
was always questionable considering the consistent
percentage of false-negative or inconclusive results
that did not correlate with the final pathological
examination [55]. Conversely, Timsit et al. in 2006
demonstrated a robust concordance between macro-
scopic surgical margins evaluation by the surgeons
and final histologic examination [56]. No studies
reconsidered the role of frozen-section analysis in the
search period of this systematic review.

Residual tumor at the surgical margins due to inad-
equate tumor resection is a potential factor increasing
the risk of local recurrence. Studies included in
previous non-systematic reviews showed conflicting
results about the role of PSMs as risk factor of local
and/or distant disease recurrence. Briefly, in 2008
Yossepowitch et al. reported overlapping results in
terms of local recurrence in patients with PSMs or
NSMs after a median follow-up of 40 months [48].
Similar results were reported in a series of patients
with a longer follow-up [57]. Conversely, other stud-
ies showed that local recurrence was significantly
higher in patients with PSMs as well as the time of dis-
ease recurrence seems to be shorter than in patients
with NSMs [52, 58]. Studies published after 2013
showed that patients with PSMs had a significantly
increased risk of local recurrence. Specifically, two
studies showed at multivariable analyses that PSMs
status is a strong predictor of local recurrence espe-
cially together with high nuclear grading of the tumor
[29, 39]. Conversely, Bansal et al. did not confirm the
role of PSMs on disease progression at multivariable
analysis [38].

No study in the previous reviews reported a
negative impact of PSMs on cancer-specific or
overall survival [1, 2], Recently, Petros et al.
reported a significant impact of PSMs status on
local recurrence-free survival and metastasis-free sur-
vival. Conversely, no effects on overall survival were
reported [41].

Management of patients with PSMs is challenging.
Radical nephrectomy, repeat PN, ablative therapies
or observation must be considered and discussed
with patients. Very few data are available about
the management of PSMs. Therefore, no definitive

conclusions or strong recommendations can be pro-
posed. In agreement with previous non-systematic
reviews of the literature, we believe that observation
is the most appropriate option for the management of
PSMs after PN. However, it is important to highlight
that a standardized and shared follow-up scheme for
these patients is still lacking.

CONCLUSIONS

Studies published in the last 5 years confirmed that
PSMs after PN for renal tumors are a rare condition.
Tumor size, pT3a stage, nuclear grade 3–4 and min-
imally invasive procedures have been considered as
potential risk factors for PSMs. Data concerning the
risk of PSMs after SE are still conflicting. There-
fore, whenever possible the excision of a minimal
rim of healthy parenchyma around the tumor should
be preferred.

Although PSMs increase the risk of local and dis-
tant recurrence, their influence on cancer-specific and
overall survival seems to be limited. Close surveil-
lance should be strongly recommended as initial
treatment of patients with PSMs after PN. Con-
versely, radical nephrectomy or repeat PN should
be considered in patients with PSMs and high-grade
and/or aggressive histologic subtypes.
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