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ABSTRACT

Purpose. The aim of this study was to assess the outcomes

of minimally invasive (laparoscopic and robotic) partial

nephrectomy (MIPN) for large renal masses.

Materials and Methods. A systematic literature review

was performed up to September 2016 using multiple search

engines to identify studies comparing MIPN for tumors

larger than 4 cm ([cT1a) with MIPN for tumors smaller

than 4 cm (cT1a). The preferred reporting items for sys-

tematic reviews and meta-analyses (PRISMA) criteria were

used for article selection. Baseline demographics and sur-

gical, functional, and oncological parameters were

extracted from the included studies whenever available. An

overall analysis including all studies was performed, then

sensitivity analyses were performed for studies on laparo-

scopic partial nephrectomy (PN) only, and, finally, for

studies on robotic PN only.

Results. Overall, 13 case-control studies comparing the

outcomes of PN in tumors\4 cm (n = 4441) with those of

PN for tumors [4 cm (n = 1024) were included. Warm

ischemia time was shorter for the\4 cm group [weighted

mean difference (WMD) 3.75 min; 95% confidence inter-

val (CI) -6.4 to -0.7; p = 0.01] and the odds of

perioperative complications was lower [odds ratio (OR)

0.62; 95% CI 0.5–0.8; p\ 0.001]. There were no signifi-

cant differences in terms of postoperative estimated

glomerular filtration rate (WMD 4.2 ml/min; 95% CI

0.45–8.97; p = 0.08), as well as onset of postoperative

chronic kidney disease (risk ratio 0.71; 95% CI 0.48–1.04;

p = 0.08). In addition, no difference was found in the

likelihood of positive surgical margins (OR 0.74; 95% CI

0.43–1.28; p = 0.29).

Conclusions. MIPN represents a viable treatment option

for renal masses larger than 4 cm (higher than cT1a) as it

offers good functional outcomes, without increased risk of

positive surgical margins. An increased rate of complica-

tions should be taken into account when approaching these

tumors.

Over the past few years, elective nephron-sparing sur-

gery has been increasingly adopted for renal masses

beyond the ‘traditional’ standard cut-off size of 4 cm

(clinical stage T1a). The American Urological Association

(AUA) guidelines suggest partial nephrectomy (PN) as

alternative standard of care to radical nephrectomy for

cT1b masses,1 while the European Association of Urology

(EAU) guidelines recommend PN, whenever technically

feasible, for kidney tumors larger than 4 cm2. Open PN for
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these larger masses has represented the gold standard.3–6

Adoption of laparoscopic PN was mostly in the setting of

cT1a, and while high-volume centers reported on the fea-

sibility of this approach for larger tumors,1,7–10 concerns

regarding prolonged ischemia times and higher risk of

complications have hindered its adoption.11 Recently,

robotic-assisted laparoscopic kidney surgery has gained

momentum, and indications of robot-assisted PN (RAPN)

have been expanded to include larger kidney tumor.12–14

Nonetheless, controversy continues as to the safety and

efficacy of the application of minimally invasive (laparo-

scopic and robotic) PN for larger masses in comparison

with smaller tumors.

We sought to perform a cumulative analysis of com-

parative studies examining perioperative outcomes of

minimally invasive (laparoscopic and robotic) PN (MIPN)

for large ([4 cm; [cT1a) versus small (cT1a) renal

masses.

MATERIALS AND METHODS

Search Strategy, Inclusion Criteria, and Study

Eligibility

A systematic literature review was performed up to

September 2016 using multiple search engines (PubMed,

Ovid, and Scopus) to identify pertinent studies. Preferred

reporting items for systematic reviews and meta-analysis

(PRISMA) criteria were used for article selection (www.

prisma-statement.org) (Fig. 1). The following types of

studies were included: original studies comparing out-

comes of laparoscopic or robotic PN for small (\4 cm) and

larger ([4 cm) renal tumors. All titles were screened for

manuscripts written in English, and were restricted to adult

patients. Titles of articles were first reviewed to ascertain

whether they might potentially fit the inclusion criteria.

After assessing the abstract, a more thorough subsequent

assessment was performed by looking at the full text.

Studies not having primary data (i.e. reviews, commen-

taries, letters) were also excluded. References of included

studies were manually reviewed to identify additional

studies of interest.

Assessment of Study Quality

Level of evidence was rated for each study included in

the meta-analysis,15 and the quality of the study was

determined using the Newcastle-Ottawa scale (NOS) for

non-randomized controlled trials.16 A total score of 5 or

less was considered low quality, 6–7 was considered

intermediate quality, and 8–9 was considered high quality.

Data Analysis

Baseline demographics and clinical disease character-

istics [age, tumor size, baseline estimated glomerular

Records screened (n =36) Records excluded after review of 
abstract (n =17)
- 2 reviews
- 2 low quality
-13 not relevant for this analysis

Full-text articles assessed for 
eligibility (n = 19)

Full-text articles excluded because of 
insufficient data (n = 7)

Studies included in the meta-analysis: n=13*

Additional records identified through 
reference lists (n=1)

Records identified through PubMed, Ovid, and Scopus (up to Sep 2016) by using both diagnosis
(renal mass, kidney cancer, renal tumor, 4 cm, T1b) and intervention (partial nephrectomy, 

nephron sparing surgery, laparoscopic, robotic, minimally invasive)

Records after duplicates removed (n =36)
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FIG. 1 PRISMA flow diagram. PRISMA Preferred reporting items for systematic reviews and meta-analyses
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filtration rate (eGFR), baseline chronic kidney disease

(CKD), rate of solitary kidneys, RENAL nephrometry

score17 or tumor location and tumor histology], surgical

[operative time, warm ischemia time, estimated blood loss

(EBL), rate of perioperative complications, length of hos-

pital stay], functional (postoperative renal function,

postoperative onset of CKD, decline in eGFR), and onco-

logical (positive margin rate) outcome parameters were

extracted whenever available. An overall analysis includ-

ing all studies was initially performed, then sensitivity

analyses were conducted including only studies on

laparoscopic PN,7–10,18,19 and, finally, only studies on

robotic PN.12–14,20–22 One study where both techniques

were reported together was not used for this sensitivity

analysis.23

For continuous outcomes, the weighted mean difference

(WMD) was used as a summary measure, whereas for

binary variables, odds ratio (OR) or risk ratio (RR) were

calculated with reporting of 95% confidence intervals

(CIs). RR was preferred in cases of a high number of events

to avoid overestimation. As only means and standard

deviations are permitted for the computational portion of

meta-analyses, for those studies reporting medians and

ranges, a validated mathematical model was used to con-

vert medians (ranges) to means (standard deviations).

Pooled estimates were calculated using the fixed-effect

model, if no significant heterogeneity was identified.

Alternatively, the random-effect model was used when

significant heterogeneity was detected. All statistical

analyses were performed using Review Manager 5

(Cochrane Collaboration, Oxford, UK).

RESULTS

Overall, 13 case-control studies comparing the outcomes

of PN in tumors \4 cm (n = 4441) with those of PN for

tumors[4 cm (n = 1024) were included (Table 1). In six

studies, standard laparoscopy was used,7–10,18,19 while

robot-assisted laparoscopy12–14,20–22 was used in another

six studies [including one on robotic laparoendoscopic

single-site (LESS) surgery,21 and, in one study, laparo-

scopic and robotic procedures were analyzed together.23

Overall Outcome Analysis (Laparoscopic ? Robotic

Partial Nephrectomy PN])

There was no difference between groups in terms of age

(p = 0.79), baseline eGFR (WMD 0.59 ml/min; 95% CI

-7.7 to 8.9; p = 0.89), and proportion of solitary kidneys

(p = 0.92). Furthermore, there was no significant differ-

ence in terms of the proportion of tumors with malignant

histology (63.9% for the \4 cm group vs. 68.4% for the

[4 cm group; p = 0.72).

Both operative time (WMD 15.8 min; 95% CI -24.1 to

-7.4; p\ 0.001) and warm ischemia time (WMD

3.75 min; 95% CI -6.4 to -0.7; p = 0.01) were shorter in

the\ 4 cm group, while EBL (WMD -56.9 ml; 95% CI

-74.5 to -39.4; p\ 0.001) and risk of perioperative

TABLE 1 Minimally invasive (laparoscopic and robotic) partial nephrectomy for tumors larger than 4 cm: overview of the 13 studies included in the

meta-analysis

Reference Study

period

Study design Study setting Study

origin

N of cases

(\4/C4 cm)

Surgical

technique

Study

qualitya
Level of

evidenceb

Simmons
7

1999–05 Prospective non-randomized Single center US 367/58 Lap 8 IIb

Rais-Bahrami
8

2000–05 Retrospective Single center US 274/34 7 III

Lifshitz
18

ns Prospective non-randomized Single center US 149/35 8 IIb

Porpiglia
19

2005–09 Prospective non-randomized Single center Italy 67/33 8 IIb

Nouralizadeh
9

2003–08 Retrospective Single center Iran 32/28 7 III

Eng
10

2002–07 Retrospective Single center US 76/26 7 III

Papalia
23

2010–11 Prospective non-randomized Single center Italy 78/43 Lap/Robotic 8 IIb

Petros
20

2006–10 Retrospective Multicenter US 362/83 Robotic 8 III

Ficarra
13

2008–10 Retrospective Multicenter Belgium, Italy, US 298/49 7 III

Tiu
21c 2009–11 Retrospective Multicenter Korea, US 47/20 7 III

Patel
22

2007–09 Retrospective Single center US 56/15 7 III

Kim
14

2006–15 Retrospective matched pair analysis Single center Korea 60/60 8 IIb

Janda
12

2008–14 Retrospective Single center US 168/64 8 III

ns not specified
a According to Newcastle Ottawa scale;
b According to Oxford Centre for Evidence-based Medicine
c robotic LESS
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complications (OR 0.62;3 95% CI 0.5–0.8; p\ 0.001)

were lower in this same group (Fig. 2). Hospital stay was

also shorter in the\4 cm group (WMD -0.39 days; 95%

CI -0.53 to -0.26; p\ 0.001). There was no significant

difference in terms of postoperative eGFR (WMD 4.2 ml/

min; 95% CI 0.45–8.97; p = 0.08), as well as onset of

postoperative CKD (RR 0.71; 95% CI 0.48–1.04;

p = 0.08). Positive surgical margin rates were 2.1 and

3.5% for the\4 cm and[4 cm groups, respectively, with

no difference in the likelihood of positive surgical margins

(OR 0.74; 95% CI 0.43–1.28; p = 0.29).

Sensitivity Analysis (Laparoscopic PN Only)

There was no difference between groups in terms of age

(WMD 0.49; 95% CI -3.2 to 4.2; p = 0.8), baseline eGFR

(WMD -1.7 ml/min; 95% CI -14.5 to -11.1; p = 0.80),

and proportion of solitary kidneys (p = 0.45). Further-

more, there was no difference in terms of frequency of

malignant histology between the groups (73.6% for the

\4 cm group vs. 67.2% for the [4 cm group; p = 0.5).

Tumors were more frequently located at the lower pole in

the [4 cm group (31.3% for the \4 cm group vs. 45.5%

for the[4 cm group; p = 0.002).

Operative time was shorter for the \4 cm group, but

without reaching a significant statistical difference (WMD

-10.9 min; 95% CI -23.8 to -1.8; p = 0.09). In addition,

no difference was observed for warm ischemia time (WMD

1.92 min; 95% CI -6.9 to 3.1; p = 0.46). EBL was lower

for the \4 cm tumor group (WMD -72.2 ml; 95% CI

-87.9 to -57.5; p\ 0.001), as was the risk of periopera-

tive complications (OR 0.70; 95% CI 0.5–0.98; p = 0.04)

[Fig. 3]. Hospital stay was similar (WMD -0.2 days; 95%

CI -0.5 to 0.13; p = 0.24). There was no significant dif-

ference in terms of postoperative eGFR (WMD 3.2 ml/

min; 95% CI -1.7 to 8.3; p = 0.20), as well as onset of

postoperative CKD (RR 0.7; 95% CI 0.4–1.1; p = 0.16).

Positive surgical margin rates were 1.2 and 3.2% for the\4

and [4 cm groups, respectively, and no difference was

noted in the likelihood of positive surgical margins (OR

0.53; 95% CI 0.21–1.33; p = 0.18).

Sensitivity Analysis (Robotic PN Only)

There was no difference between groups in terms of age

(WMD -0.03, 95% CI -2.8 to 2.8; p = 0.98), baseline

eGFR (WMD -3.1 ml/min; 95% CI -6.5 to -12.8;

p = 0.52), and frequency of malignant histology (55% for

the\4 cm group vs. 67% for the[4 cm group; p = 0.84).

The\ 4 cm group presented a lower nephrometry score

(WMD -1.4; 95% CI -1.6 to -1.2; p\ 0.001).

Operative time (WMD -23.8 min; 95% CI -32.6 to

-14.9; p\ 0.001) and warm ischemia time (WMD

-5.05 min; 95% CI -6.5 to 3.6; p\ 0.001) were signifi-

cantly shorter for the\ 4 cm group, as it. EBL (WMD

-52.7 ml; 95% CI -78.3 to -27.1; p\ 0.001) and risk of

complications (OR 0.61; 95% CI 0.43–0.87; p = 0.007)

were lower for the\4 cm group (Fig. 4). The\4 cm group

also had shorter hospital stay (WMD -0.45 days; 95% CI

-0.6 to 0.3; p\ 0.001). Positive surgical margin rates were

2.9 and 3.7% for the\4 and[4 cm groups, respectively, and

no difference was found in the likelihood of positive surgical

margins (OR 0.92; 95% CI 0.45–1.88; p = 0.82).

DISCUSSION

Herein, we report the first cumulative analysis of studies

comparing the outcomes of MIPN for masses on the basis

of tumor size (\4 cm vs. [4 cm), providing level 2a evi-

dence on this topic. Overall, 13 studies including over 5000

cases were analyzed and significant conclusions can be

drawn on the current and evolving role of MIPN in the

setting of larger renal masses, where the established gold

standard has been open PN.13

With respect to surgical outcomes, warm ischemia time

was shorter for the \4 cm group (a 4-min difference),

which is an expected finding as the resection and renor-

rhaphy times for a larger tumor would be expected to be

longer. However, this difference also has limited clinical

significance as the concept that ‘every minute counts’ has

been questioned.24,25 Recent evidence shows that using a

dichotomous cut-off (25 or 30 min) for the ‘optimal’

ischemia time is unreliable, and quality and quantity of

preserved renal parenchyma are more important predictors

of ultimate renal function after PN.24,26

The risk of perioperative complications was lower for

MIPN overall in the \4 cm group (OR 0.62; p\ 0.001),

and this was also the case when looking at subanalyses

focusing on laparoscopic series and robotic series only.

This finding has been consistently reported in the past for

open series.27 For laparoscopy, Porpiglia et al. noted a

significant correlation between the central growth pattern

of the mass and the risk of complications. Their compli-

cation rate was 4.5% for masses \4 cm versus 15% for

those [4 cm.19 Even higher rates were later reported by

Lifshitz et al. for laparoscopic PN (12% for cT1a and

25.7% for cT1b).18 In the field of robotic PN, Patel et al.

also reported a higher complication rate for larger tumors

(26.6 vs. 8.9%);22 however, this finding was not confirmed

by the multicenter study by Petros et al., the largest com-

parative series reported to date (445 patients, 83 with a

tumor [4 cm), where no increased risk of adverse out-

comes was recorded.20 On the other hand, in another large

multicenter series including 49 patients, Ficarra et al.

N. Pavan et al.



Operative time

Study or Subgroup
< 4 cm

Mean SD Total Mean
> 4 cm

SD Total Weight
Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CIYear
Rais-Bahrami 2008
Simmons 2009
Eng 2009
Porpiglia 2010
Lifshitz 2010
Patel 2010
Nouralizadeh 2011
Petros 2012
Papalia 2012
Tiu 2013
Keun Kim 2016
Janda 2016

183.6
210
241

115.6
214
243
200
180
57.8
178
147
180

63.3
60
8.2

27.1
18.5

23
62

18.2
12.3

42
20.7
16.5

274
278
76
67

149
56
32

362
78
47
60

168

199.2
228
234

134.5
234
281
196
194
58.3
197

169.5
209.7

57.2
78

22.7
40.7

17
33.2

75
21.7
10.6
35.2
25.1
15.8

34
58
26
33
35
15
28
83
43
20
60
64

6.5%
6.4%
9.7%
8.0%

10.2%
7.3%
3.7%

10.5%
10.6%

6.8%
9.8%

10.5%

-15.60 [-36.24, 5.04]
-18.00 [-39.28, 3.28]

7.00 [-1.92, 15.92]
-18.90 [-34.23, -3.57]

-20.00 [-26.37, -13.63]
-38.00 [-55.85, -20.15]

4.00 [-31.12, 39.12]
-14.00 [-19.03, -8.97]

-0.50 [-4.68, 3.68]
-19.00 [-38.55, 0.55]

-22.50 [-30.73, -14.27]
-29.70 [-34.31, -25.09]

2008
2009
2009
2010
2010
2010
2011
2012
2012
2013
2016
2016

Total (95% CI) 1647 499 100.0% -15.81 [-24.16, -7.45]
Heterogeneity: Tau2 = 167.25; Chi2 = 122.11, df = 11 (P < 0.00001); I2 = 91%
Test for overall effect: Z = 3.71 (P = 0.0002) -20 -10 0 10 20

Favours < 4cm Favours > 4cm

WIT

EBL

Study or Subgroup
< 4 cm

Mean SD Total Mean
> 4 cm

SD Total Weight
Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CIYear

-20 -10 0 10 20
Favours < 4 cm Favours > 4 cm

Total (95% CI) 1798 445 100.0% -3.57 [-6.41, -0.73]
Heterogeneity: Tau2 = 20.77; Chi2 = 369.17, df = 10 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 2.46 (P = 0.01)

Janda 2016
Tiu 2013
Petros 2012

Nouralizadeh 2011
Porpiglia 2010

Rais-Bahrami 2008

Simmons 2009
Eng 2009

Lifshitz 2010
Patel 2010

Ficarra 2012

23
35.3

32
29.7
19.5
19.7

30
17.5

17
24
21

12.6
1.1

11.6
3.1
2.8
9.6
13
2.4

9
13.2

2.9 168
47

362
289

32
67
56

149
278

76
274 21.9

30.3
38

33.5
25

28.4
29

22.5
24
31
24 3.5

6.7
10

2.8
8

7.4
2.9
2.8

11.9
2.2

13.7 34
26
58
35
15
33
28
49
83
20
64 10.0%

7.9%
9.5%

10.0%
7.4%
8.8%
9.8%

10.0%
8.9%

10.0%
7.8% 1.10 [-3.74, 5.94] 2008

5.00 [4.12, 5.88] 2009
-6.00 [-9.35, -2.65] 2009
-3.80 [-4.85, -2.75] 2010
-5.50 [-7.14, -3.86] 2010

-8.70 [-12.11, -5.29] 2010
1.00 [-4.39, 6.39] 2011

-5.00 [-5.83, -4.17] 2012
-7.00 [-9.34, -4.66] 2012

-7.00 [-11.78, -2.22] 2013
-3.00 [-3.96, -2.04] 2016

Study or Subgroup
< 4 cm

Mean SD Total Mean
> 4 cm

SD Total Weight
Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CIYear

-200 -100 0 100 200
Favours < 4 cm Favours > 4 cm

Janda 2016

Tiu 2013

Petros 2012
Nouralizadeh 2011

Porpiglia 2010

Rais-Bahrami 2008

Simmons 2009
Eng 2009

Lifshitz 2010

Patel 2010

Ficarra 2012
Papalia 2012

Keun Kim 2016

322.1
168
240

112.5
132.2
112.5

0
150

167.9
100
271
319
131

233.3
20.2
348

43.3
85.6
43.3

0
37.5

101.4
28.8
375
101
50

274
76

278
56
67

149
0

362
78

289
47
60

168 206
428
408

134.7
205.3

200
0

175
203.9

118
284
247

406.3 354.3
51.5
302
36

109.4
86.6

0
75

136
50.5
275
155
65

34
26
58
15
33
35

0
83
43
49
20
60
64 12.5%

7.1%
1.1%

13.0%
7.1%

12.6%

10.2%
7.8%

11.8%
3.1%

12.0%
1.8% 2008

2009
2009
2010

2011
2012

2013
2016

2010
2010

2012
2012

2016

-84.20 [-206.45, 38.05]
-79.00 [-99.31, -58.69]
-44.00 [-131.83, 43.83]

-5.50 [-26.96, 15.96]
-71.70 [-114.28, -29.12]

-62.50 [-92.02, -32.98]
Not estimable

-50.00 [-66.59, -33.41]
-37.40 [-83.86, 9.06]

-34.70 [-49.22, -20.18]
-137.00 [-298.30, 24.30]

-109.00 [-155.81, -62.19]
-75.00 [-92.63, -57.37]

-56.99 [-74.57, -39.41]100.0%5201904Total (95% CI)
Heterogeneity: Tau2 = 564.65; Chi2 = 45.62, df = 11 (P<0.00001); I2 = 76% 

Test for overall effect: Z = 6.35 (P < 0.00001)

Study or Subgroup
< 4 cm

Events Total Events
> 4 cm

Total Weight
Odds Ratio

M-H,Fixed, 95% CI
Odds Ratio

M-H,Fixed, 95% CI Year

Complications
Odds Ratio

M-H,Fixed, 95% CI

0.63 [0.50, 0.80]100.0%5481945Total (95% CI)

Heterogeneity: Chi2 = 13.31, df = 12 (P = 0.35); I2 = 10% 

Test for overall effect: Z = 3.78 (P < 0.0002)

Total events 368 139

Janda 2016
Tiu 2013
Petros 2012

Nouralizadeh 2011

Porpiglia 2010

Rais-Bahrami 2008

Simmons 2009
Eng 2009

Lifshitz 2010
Patel 2010

Ficarra 2012
Papalia 2012

Keun Kim 2016

69
23
90
9
6

34
5

37
5

14
7

61
8 60

168
47

362
78

298
32

149
56
67

278
76

274 11
11
18

9
4

14
4

15
9
5
5

25
9 60

64
20
83
43
49
28
35
15
33
58
26
34 9.1%

7.1%
12.5%

6.5%
3.5%

10.8%
2.2%

14.0%
6.7%
4.8%
3.7%

14.3%
4.8% 0.87 [0.31, 2.44]

0.89 [0.49, 1.61]
0.53 [0.14, 1.91]
0.63 [0.22, 1.79]
0.26 [0.08, 0.83]
0.32 [0.16, 0.65]
1.11 [0.27, 4.62]
0.44 [0.20, 0.96]
0.33 [0.08, 1.37]
0.41 [0.15, 1.17]
1.06 [0.58, 1.96]
0.59 [0.24, 1.48]
0.70 [0.33, 1.52] 2008

2009
2009
2010
2010
2010
2011
2012
2012
2012
2013
2016
2016

Favours < 4 cm Favours > 4 cm
0.2 0.5 1 2 5

FIG. 2 Forest plots for relevant

outcomes analysis (overall). SD

standard deviation, IV inverse

variance, CI confidence interval,

df degrees of freedom, WIT

warm ischemia time, EBL

estimated blood loss, M-H

Mantel-Haenszel
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reported a higher rate of postoperative complications for

larger masses (26.5%) compared with smaller masses

(9.4%).13 Tiu et al. evaluated the comparative outcomes of

robotic LESS PN and, despite longer ischemia time, did not

detect differences in terms of adverse events when com-

paring tumors\4 cm (47 patients) with tumors[4 cm (20

patients).21 This finding could be explained by the more

selected patient population (lower tumor size and lower

body mass index).

PN yields superior renal functional outcomes, as

demonstrated by European Organisation for Research and

Treatment of Cancer (EORTC) data recently published by

Scosyrev et al.28, and also by several robust analyses of

national and large institutional databases.29 Mir et al.

recently reported a systematic review and meta-analysis

looking at the outcomes of PN versus radical nephrectomy

for larger renal masses. The authors found PN to be asso-

ciated with better postoperative renal function, as shown by

higher postoperative eGFR, lower likelihood of postoper-

ative onset of CKD, and lower decline in eGFR.30 In our

analysis, there were no significant differences in terms of

postoperative eGFR (WMD 4.2 mL/min; p = 0.08) and

onset of CKD (RR 0.71; p = 0.08) for tumors\4 cm and

[4 cm.

In their multicenter series of 730 elective open PNs,

Patard et al. did not find differences in positive surgical

margins, local or distance recurrences, and overall or

cancer-specific deaths between tumors larger and smaller

than 4 cm.27 This was also confirmed in the series of 618

elective open PNs reported by Pahernik et al., who showed

no difference for cancer-specific survival and local recur-

rence-free survival at 5 and 10 years.31 In our study, we

could not look at more consolidated oncological endpoints,

and the analysis was necessarily limited to the surrogate

endpoint of positive surgical margin rate. Overall, we did

not find a significant difference between the study groups

(2.1 vs. 3.5% for tumors \4 and [4 cm, respectively;

p = 0.29); this was also the case when separately looking

at laparoscopic or robotic series. The role of surgical

margins in the natural history of kidney cancer is still

debated. In a systematic review of 69 studies, Marszalek

et al. reported a rate of positive surgical margins after open

PN of 0–7%, 0.7–4% after laparoscopic PN, and 3.9–5.7%

after RAPN.32 Although a relatively short mean follow-up

(41 months) was observed, patients with positive surgical

margins did not demonstrate local or distant tumor recur-

rence. Similar conclusions were reported by Bensalah et al.

in another multicenter study.33 More recent data suggested

that the finding of a positive margin may have more impact

than previously thought. Khalifeh et al. reported a large

multi-institutional analysis of 943 RAPNs with a 2.2%

positive margin rate, and found that a positive surgical

margin was associated with an 18.4-fold higher hazard

ratio (HR) for recurrence when adjusted for other vari-

ables.34 In another multicenter analysis of 1240 patients,

Shah et al. found that a positive surgical margin was sig-

nificantly associated with a higher risk of recurrence (HR

7.48) in cases considered high-risk disease (higher patho-

logic stage and grade).35 The likely explanation for the re-

emergence of the clinical impact of a positive margin in

more recent reports is attributable to tumors of higher

oncological risk (size and complexity) undergoing PN. In

light of these recent findings, it is reassuring to see from

our analysis that the adoption of a minimally invasive

approach for these larger masses (that are more likely to

present worse pathological features) does not translate into
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a higher risk of local recurrence or systemic progression in

this higher-risk cohort of patients ([4 cm tumor size).

Our study is not devoid of limitations. Meta-analyses

represent a robust statistical tool, but they certainly carry

intrinsic biases.36 Moreover, randomized controlled trials

should ideally be included to obtain the highest level of

evidence. In our analysis, most of the studies were either

retrospective or prospective, non-randomized. Second, we

could not take into account differences in terms of surgical

technique that might exist among the centers. In this

respect, it should be pointed out that available studies come

from high-volume institutions with high surgical expertise,

and therefore these same findings might not apply in dif-

ferent hospital settings. Our analysis was equally

distributed between laparoscopic and robotic PN. It was

beyond the scope of this analysis to ‘directly’ compare the

two techniques as the lack of tumor complexity data for the

laparoscopic series did not allow for controlling for this
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impactful variable.37 Unquestionably, the landscape of PN

has witnessed a paradigm shift over the last decade with the

increasing adoption of robot-assisted laparoscopy.38

Finally, it was interesting to note that a similar rate of

benign/malignant masses were found in the two groups (\4

and[4 cm). In a recent cumulative from Fox Chase Cancer

Center (on 26 studies including over 27,000 cases), the

frequency of benign tumors in surgically resected kidney

masses ranged from 7 to 33%, and an inverse relationship

between tumor size and benign pathologic features was

reported.39 Thus, we would have expected a higher rate of

benign pathology in the smaller (\4 cm) tumor group. We

can speculate that section bias might account for this

similar rate of benign histology between the two groups. In

addition, limited use of renal biopsy might have led to a

more likely surgical resection of these kidney masses.

CONCLUSIONS

MIPN represents a viable treatment option for these

renal masses (larger than 4 cm, higher than clinical stage

T1a) as it offers good functional outcomes and no

increased risk of positive surgical margin. An increased

risk of complications should be taken into account when

approaching these tumors, and this information should be

considered for patient counseling. Overall, we recommend

the use of MIPN for these tumors in centers where there is

appropriate surgical expertise in minimally invasive

techniques.
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