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a B S T r a C T
BaCKgroUNd: even if partial nephrectomy (pN) is nowadays considered the standard for managing cT1 renal mass-
es, its role in the management of cT2 kidney tumors is controversial. We aimed to compare oncologic and functional 
outcomes of minimally invasive radical nephrectomy (rN) and pN in cT2 renal masses.
MeThodS: patients with cT2 renal masses underwent minimally-invasive pN or rN performed by a highly experienced 
single surgeon from 2009 to 2019 were considered. demographic, perioperative and functional variables were compared. 
Cumulative incidence plot and competing risks regression (Crr) models were used to test differences in 5-year cancer-
specific mortality (CSM) and 5-year other-cause mortality (OCM) rates. Kaplan-Meier and Cox regression model was 
used to test differences in 5-year progression free survival (pFS) rates.
reSUlTS: overall, 52 pN vs. 64 RN patients were identified. Relative to RN, PN patients recorded higher rates of com-
plications (25% vs. 7.8%, P=0.02) but lower upstaging rate (≥pT3a 64.1% vs. 19.2%, p<0.0001). Functional outcomes 
were in favor of pN (all p<0.001). No differences were recorded between 5-year CSM and oCM according to nephrec-
tomy type. at Crr models, older age and upstaging were independent predictors of 5-year oCM and CSM, respectively 
(all P<0.01). Finally, only upstaging, high grade tumors and presence of positive surgical margins were identified as 
independent predictors of 5-year pFS (all p<0.01).
CoNClUSioNS: in experienced hands the treatment of cT2 renal neoplasms with minimally-invasive pN is feasible, 
providing perioperative and oncological safety profiles comparable to RN, with advantages in terms of functional out-
comes.
(Cite this article as: amparore d, pecoraro a, piramide F, Checcucci e, de Cillis S, Volpi g, et al. Comparison between 
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historically, radical nephrectomy (rN) rep-
resented the elective surgical treatment for 

kidney cancer.1 over the last twenty years, par-

tial nephrectomy (pN) gained an increasing role 
in the management of organ-confined renal tu-
mors,2 also thanks to the extension of indications 
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data about all patients with cT2 renal tumors 
treated with minimally invasive (robot-assisted 
or laparoscopic) pN or rN between January 
2009 and January 2019.

All patients with significant deterioration of 
preoperative renal function (defined as kidney 
failure by CKD classification15), patients with 
single kidney or anatomical malformations such 
as horseshoe kidney, as well as patients treated 
with open approaches were excluded from the 
analysis. all procedures were performed by a 
single experienced surgeon (F.p.), with high ex-
pertise in minimally invasive surgery (MiS), af-
ter completion of his learning curve (more than 
250 MiS before 2009). The choice of the ap-
proach (pN vs. rN) was assessed case by case by 
the surgeon considering the radiological features 
of potential aggressiveness of the neoplasm (not 
only the size but also the presence of polycyclic 
or inhomogeneous pseudocapsular margin or 
the evidence of intralesional necrosis)16 and its 
surgical complexity, as well as the kidneys17 and 
patients characteristics.13, 14

all specimens were analyzed by a dedicated 
pathologist experienced in uro-pathology (e.B.). 
patients were followed up at three, six, twelve 
months and then annually up to 10 years with 
contrast enhanced CT scan.

Variables of interest

The following oncological variables were con-
sidered: local recurrence and time of recurrence, 
progression-free survival (pFS), site and time of 
progression, death and cause of death (cancer or 
other cause-related), expressed as cancer-spe-
cific mortality (CSM) and other-cause mortality 
(oCM). Considering functional variables, serum 
creatinine (sCr) and estimated glomerular filtra-
tion rate (egFr) were assessed postoperatively 
(between third and fifth postoperative day) and 
one year after surgery. Baseline weighted differ-
entials among pre-, postoperative and one-year 
values were calculated too.

Statistical analysis

Statistical analyses consisted of five analytical 
steps.

First, descriptive statistics included means and 
standard deviations, medians and interquartile 

given by the diffusion of minimally invasive ap-
proaches.3, 4

This change of course has been due to the 
evidence of similar oncological outcomes with 
better renal function recovery after pN in com-
parison with rN.5

Moreover, in subgroups of patients with pre-
existing chronic kidney disease (CKd), the neph-
ron sparing approach, has become an imperative 
indication, if feasible, to reduce the evolution to 
end-stage kidney disease (eSKd).6

Nowadays, pN represents the gold standard 
for the elective surgical management of clinical 
T1 renal neoplasms, so in case of tumors up to 7 
cm of diameter, whenever technically feasible.2, 7 
The surgeon’s expertise plays a central role in 
conditioning this choice, that has to be balanced 
considering the radiological features of the renal 
mass (appearance and surgical complexity) and 
the characteristics of the patient (renal function 
status and comorbidities).8, 9

The currently unanswered question is if such 
conservative approach could be indicated also 
for organ- confined lesions larger in size, like 
cT2 tumors. indeed, in these cases pN is techni-
cally more challenging and its role needs to be 
proved in terms of safety and long-term onco-
logical efficacy.2 Contemporary systematic re-
views and meta-analyses demonstrate that pN is 
a safe and feasible approach also for the treat-
ment of large tumors, optimizing renal function 
recovery and showing survival rates not inferior 
to rN.10-12 Nevertheless, such studies are based 
on retrospective series with small sample sizes, 
including different surgical approaches, espe-
cially open surgery ones, or with limited follow-
up.13, 14 For the above-mentioned reasons, the 
role of pN for the surgical management of cT2 
tumors is still under scrutiny.

In order to give a contribution in such field of 
research, our aim is to evaluate and compare ret-
rospectively the perioperative, oncological and 
functional outcomes of the patients treated at our 
institution with both minimally-invasive pN and 
rN for cT2 renal neoplasms across ten years.

Materials and methods
We retrospectively reviewed our institutional 
prospectively maintained database and extracted 
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>T3a), histological subtype (benign histology vs. 
clear cell rCC vs. non-clear rCC), tumor grade 
(lg vs. hg), presence of necrosis, presence of 
positive surgical margins. 

For all statistical analyses, r software envi-
ronment for statistical computing and graphics 
(version 3.4.3) was used. all tests were two sided 
with a level of significance set at P<0.05.

Results
Population characteristics

overall, 116 cT2 kidney cancer patients were 
selected (Table i). of those, 52 (44.8%) and 64 
(55.1%) were treated with pN and rN, respec-
tively.

relative to rN (Table i, ii), pN patients were 
more often males (76.9% vs. 53.1%, p=0.01), 
with higher preoperative hemoglobin levels 
(14.2 vs. 13.3 g/dl, p=0.001), treated more often 
with robot-assisted approach (42.3% vs. 3.1%, 
p<0.001) and with retroperitoneal access (42.3% 
vs. 21.9%, p=0.03). postoperative complications 
rate resulted higher in pN group (25% vs. 7.8%, 
p=0.02), but with only one Clavien >2 compli-

ranges, as well as frequencies and proportions 
for continuous and categorical variables, respec-
tively. The statistical significance of differences 
in means, medians and proportions was evaluat-
ed with Student’s t-test, Kruskal-Wallis, and chi-
square tests. Second, Box and whisker plots were 
used to depict functional outcomes distribution 
(egFr) preoperatively, postoperatively and after 
one year from surgery according to type of ne-
phrectomy.

Third, Kaplan-Meier methodology was used 
to estimate overall 5-year pFS rates according to 
type of nephrectomy (pN vs. rN).

Fourth, we relied on cumulative incidence 
plots and fitted multivariable competing-risks re-
gression models (Crr), testing the effect of pN 
vs. rN on 5-year CSM and 5-year oCM.

Covariates consisted of age at procedure, pre-
operative egFr, gender (male vs. female), type 
of nephrectomy (rN vs. pN), pathological T 
stage (<T3a, ≥T3a), histological subtype (benign 
histology vs. clear cell rCC vs. non-clear rCC).

Fifth, we relied on Cox multivariable model 
predicting pFS, adjusted for type of nephrecto-
my (rN vs. pN), pathological T stage (<T3a vs. 

Table I.—� Descriptive characteristics of cT2 patients (N.=116) diagnosed with renal masses and treated with partial 
(PN) or radical nephrectomy (RN), between 2008-2018.

Variable overall
(N.=116)

partial nephrectomy
(N.=52, 44.0%)

radical nephrectomy
(N.=64, 55.1%) p value

age, years Mean (Se) 59.1 (1.28) 57.3 (1.841) 60.5 (1.765) 0.2
Median (iQr) 58 (50-70) 56.5 (49.8-66.2) 60 (50-72)

gender Female 42 (36.2%) 12 (23.1%) 30 (46.9%) 0.01
Male 74 (63.8%) 40 (76.9%) 34 (53.1%)

BMi Mean (Se) 25.4 (0.287) 25.4 (0.643) 25.4 (0) 0.9
Median (iQr) 25.4 (25.4-25.4) 25.4 (24.4-26.2) 25.4 (25.4-25.4)

CCi ≤2 99 (85.3%) 47 (90.4%) 52 (81.2%) 0.2
>2 17 (14.7%) 5 (9.6%) 12 (18.8%)

padUa score Mean (Se) 10.3 (0.129) 10.1 (0.177) 10.5 (0.182) 0.09
Median (iQr) 10 (9-11) 10 (9-11) 10 (9.8-12)

Clinical tumor size, mm Mean (Se) 88.9 (2.073) 84.4 (2.741) 92.5 (2.969) 0.08
Median (iQr) 80 (75-100) 78 (74-87.8) 85 (75-105)

preoperative hb, g/dl Median (iQr) 13.7 (0.136) 14.2 (0.1) 13.3 (0.1) 0.001
Median (iQr) 13.6 (13.3-14.5) 14.2 (13.6-14.8) 13.3 (13.3-14)

preoperative creatinine, mg/dl Mean (Se) 1 (0.02) 1.1 (0.05) 1 (0.02) 0.1
Median (iQr) 1 (0.9-1.1) 1 (0.9-1.2) 1 (0.9-1)

preoperative egFr, ml/min Median (iQr) 79.6 (2.079) 80 (3.453) 79.2 (2.54) 0.8
Median (iQr) 79.2 (67.6-86.4) 80 (64-92.9) 79.2 (69.5-84.2)

hypertension No 56 (48.3%) 27 (51.9%) 29 (45.3%) 0.6
yes 60 (51.7%) 25 (48.1%) 35 (54.7%)

Side left 62 (53.4%) 25 (48.1%) 37 (57.8%) 0.3
right 54 (46.6%) 27 (51.9%) 27 (42.2%)

Se: standard error; iQr: interquartile range.
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egFr (p<0.0001, p=0.005), and between pre- 
and one-year egFr (p=0.001).

Survival analyses

The median follow-up time was 46 months, 
without differences between groups. Cumula-
tive incidence plots showed 5-year CSM rates of 
7.7% vs. 16.7% (p=0.08) and 5-year oCM rates 
of 5.1% vs. 6.6% (p=0.9), for pN and rN respec-
tively (Figure 1).

in multivariable Competing-risk regression 
models (Supplementary digital Material 2: Sup-
plementary Table ii, Supplementary Table ii), 
and after adjustment for oCM, pT>3a indepen-
dently predicted higher 5-year CSM (hr=28.2, 
Ci: 21.6-30.5, p=0.02). Conversely, type of ne-
phrectomy was not statistically related to the 
above-mentioned outcome (hr for pN=0.9, Ci: 
0.1-1.6, p=0.9). additionally, when considering 

cation (postoperative bleeding requiring angio-
embolization, p=0.9).

Considering pathological variables (Table 
iii), mean tumor size was 89.2±2.2 mm, with a 
significant higher rate of upstaging (>pT3a) for 
rN (64.1% vs. 19.2%, p<0.0001). pN patients 
harbored more often benign histology (26.9% vs. 
9.4%, p<0.001).

No differences were recorded in postoperative 
sCr levels comparing pN and rN (Supplemen-
tary digital Material 1: Supplementary Table i, 
Supplementary Figure 1). Conversely, relative 
to rN, pN patients showed higher egFr values 
(70.8 vs. 53.3 ml/min/m2, p<0.001). This differ-
ence was maintained also after 12 months (74.8 
vs. 59.2 ml/min/m2 for rN and pN, p<0.001). 
Focusing on baseline weighted differential val-
ues, significant differences in favor of PN were 
found between pre- and postoperative sCr and 

Table II.—� Perioperative characteristics of cT2 patients (N.=116) diagnosed with renal masses and treated with 
partial (PN) or radical nephrectomy (RN), between 2008-2018.

Variables overall
(N.=116)

partial nephrectomy
(N.=52, 44.0%)

radical nephrectomy
(N.=64, 55.0%) p value

operative time, min Mean (Se) 127.4 (-3.966) 134.5 (6.555) 121.6 (4.754) 0.1
Median (iQr) 121 (100-150) 130.5 (98.2-165) 120 (103-135)

Blood loss, ml Mean (Se) 213.3 (-19.437) 207.1 (34.906) 218.3 (21.156) 0.7
Median 180 (150-180) 100 (100-200) 180 (180-180)

ischemia time, min Mean (Se) – 23.4 (1.05) – –
Median (iQr) – 23 (20-26) –

length of stay, days, days Mean (Se) 7.2 (0.258) 7.4 (0.526) 7.1 (0.195) 0.5
Median (iQr) 7 (6-7) 6.5 (5-9) 7 (7-7)

Tumor size, mm Mean (Se) 89.2 (2.246) 85.8 (3.321) 92.1 (3.027) 0.1
Median 80 (75-100) 80 (71.8-90) 82.5 (75-102.8)

Surgical approach laparosc 91 (78.4%) 29 (55.8%) 62 (96.9%)
robot-assisted 25 (21.6%) 23 (44.2%) 2 (3.1%) <0.001

access type retro 36 (31%) 22 (42.3%) 14 (21.9%) 0.03
Trans 80 (69%) 30 (57.7%) 50 (78.1%)

intraoperative transfusion No 110 (94.8%) 49 (94.2%) 61 (95.3%)
yes 6 (5.2%) 3 (5.8%) 3 (4.7%) 0.9

postoperative No 98 (84.5%) 39 (75%) 59 (92.2%) 0.02
Complications yes 18 (15.5%) 13 (25%) 5 (7.8%)
Type of complications No compl 98 (84.5%) 39 (75%) 59 (92.2%)

Fever 3 (2.6%) 3 (5.8%) 0 (0%)
pneumonia 2 (1.7%) 2 (3.8%) 0 (0%) 0.07
postop bleeding 4 (3.4%) 3 (5.8%) 1 (1.6%)
Urine leakage 1 (0.9%) 1 (1.9%) 0 (0%)
others 8 (6.9%) 4 (7.7%) 4 (6.2%)

Clavien-Dindo classification 0 98 (84.5%) 39 (75%) 59 (92.2%) 0.07
i 11 (9.5%) 8 (15.4%) 3 (4.7%)
ii 6 (5.2%) 4 (7.7%) 2 (3.1%)
iii 1 (0.9%) 1 (1.9%) 0 (0%)
Median (iQr) 13.5 (10-23.5) 27.5 (17.5-36.5) 12 (7-20.2) 0.3

Se: standard error; iQr: interquartile range.
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pathological variables potentially influencing 
pFS (Supplementary Table ii, Supplementary 
Table iii), pT>3a stage (hr=20.0, Ci:19.0-23.8, 
p=0.01), high iSUp grade tumors (hr=4.1, Ci: 
1.1-6.6, p=0.02) and evidence of pSM (hr=36.1, 
Ci: 25.5-45.4, p<0.001) resulted to be indepen-
dent predictor of disease progression. of note, 
the type of nephrectomy did not influence the 
pFS (hr for pN=0.7, Ci: 0.1-3.5, p=0.7).

oCM the endpoint of interest, age at procedure 
was the only predictive factor for higher 5-year 
oCM (hr=1.2, Ci: 1.0-1.4, p=0.01).

Kaplan-Meier plots were generated and fo-
cused on PFS at five years of follow-up, accord-
ing to type of nephrectomy (Figure 2). For pN 
vs. rN the 5-year pFS was 92.2% vs. 72.8% 
(p=0.02).

at Cox multivariable model focusing on the 

Table III.—� Pathological and oncological characteristics of cT2 patients (N.=116) diagnosed with renal masses and 
treated with partial (PN) or radical nephrectomy (RN), between 2008-2018.

Variables overall
(N.=116)

partial nephrectomy
(N.=52, 44.0%)

radical nephrectomy
(N.=64, 55.1%) p value

pT stage pT1a 1 (0.9%) 1 (1.9%) 0 (0%) <0.001
pT1b 6 (5.2%) 6 (11.5%) 0 (0%)
pT2 37 (31.9%) 20 (38.5%) 17 (26.6%)
pT3a 46 (39.7%) 9 (17.3%) 37 (57.8%)
pT3b 4 (3.4%) 1 (1.9%) 3 (4.7%)

Malignant histology 96 (82.8) 38 (73.1%) 58 (90.6%) <0.001
Upstaging <pT3a 65 (56%) 42 (80.8%) 23 (35.9%) <0.001

≥pT3a 51 (44%) 10 (19.2%) 41 (64.1%)
rCC histological subtype Clear cell 61 (52.6%) 16 (30.8%) 45 (70.3%) <0.001

papillary 15 (12.9%) 13 (25%) 2 (3.1%)
Chromophobe 15 (12.9%) 7 (13.5%) 8 (12.5%)
others 25 (21.6%) 16 (30.8%) 9 (14.1%)

rCC histological subtype Clear cell 61 (52.6%) 16 (30.8%) 45 (70.3%) 1e-04
Non-clear cell 30 (25.9%) 20 (38.5%) 10 (15.6%)

iSUp grading g1 5 (4.3%) 3 (5.8%) 2 (3.1%) 0.1
g2 36 (31%) 19 (36.5%) 17 (26.6%)
g3 38 (32.8%) 13 (25%) 25 (39.1%)
g4 10 (8.6%) 2 (3.8%) 8 (12.5%)
gx 27 (23.3%) 15 (28.8%) 12 (18.8%)

Tumor grade low grade 68 (58.6%) 37 (71.2%) 31 (48.4%) 0.02
high grade 48 (41.4%) 15 (28.8%) 33 (51.6%)

positive surgical margins No 113 (97.4%) 51 (98.1%) 62 (96.9%) 0.5
yes 3 (2.6%) 1 (1.9%) 2 (3.1%)

presence of necrosis No 35 (30.2%) 15 (28.8%) 20 (31.2%) 0.9
yes 81 (69.8%) 37 (71.2%) 44 (68.8%)

local recurrence No 49 (42.2%) 49 (94.2%) 0 (0%) <0.001
yes 3 (2.6%) 3 (5.8%) 0 (0%)
others 64 (55.2%) 0 (0%) 64 (100%)

disease progression No 96 (82.8%) 48 (92.3%) 48 (75%) 0.02
yes 20 (17.2%) 4 (7.7%) 16 (25%)

Site of progression adrenal 1 (0.9%) 0 (0%) 1 (1.6%) 0.4
Brain 1 (0.9%) 0 (0%) 1 (1.6%)
Contralateral kidney 2 (1.7%) 0 (0%) 2 (3.1%)
liver 1 (0.9%) 0 (0%) 1 (1.6%)
lung 2 (1.7%) 0 (0%) 2 (3.1%)
Multiple sites 6 (5.2%) 3 (5.8%) 3 (4.7%)
Nodes 1 (0.9%) 1 (1.9%) 0 (0%)
others 102 (87.9%) 48 (92.3%) 54 (84.4%)

Follow up, months Mean (Se) 45.9 (2.827) 46.3 (4.158) 45.6 (3.881) 0.8
Median (iQr) 41 (22.2-65.5) 43.5 (22.2-65.5) 40.5 (22.2-64.8)

Time to progression, months Mean (Se) 20 (4.776) 26.5 (7.053) 17.4 (6.072)
Median (iQr) 13.5 (10-23.5) 27.5 (17.5-36.5) 12 (7-20.2) 0.3

Se: standard error; iQr: interquartile range; pT: pathological stage; rCC: renal cell carcinoma.

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



aMparore  MiNi-iNVaSiVe TreaTMeNTS oF T2 reNal MaSSeS

514 MiNerVa Urology aNd Nephrology august 2021 

neity of case series and their limited follow-
up.13, 14

To give a contribution in such field of research, 
we aimed to evaluate and compare perioperative, 
oncological and functional outcomes of our cT2 
renal tumors cohort, underwent both minimally 
invasive pN and rN.

The results of the study highlight some inter-
esting points of discussion.

First, after stratification per type of nephrecto-
my (pN vs. rN), the resulting groups of patients 
did not show significant preoperative differences 
(except for the gender and hb levels, whatever 
without clinical relevance), even if those under-
gone rN were affected by larger lesions in com-
parison with those treated with pN (around 1 cm 
larger, difference not reaching statistical signifi-
cance).

indeed larger lesions, even if with the same cT 
stage of smaller ones, can result more difficult 
to manage with minimally invasive conservative 
approaches and more often be addressed to rN. 
groups resulted comparable also in terms of in-
traoperative variables. This reads that minimally 
invasive pN was not burdened by higher oT, 
eBl or intraoperative complications offering 
similar intraoperative outcomes with respect to 
rN. however, the two more recent meta-analy-
ses available by Mir et al.11 and li et al.,12 show 
higher eBl rates in pN patients relative to rN. 
This could be explained considering that in our 
case series all procedures were performed by a 
single expert surgeon, able to manage and conse-
quently minimize intraoperative bleedings. This 
is also the reason why we recorded a short warm 
ischemia time within pN patients (23.4 min) sim-
ilar to other series of pN for the treatment of cT1 
renal tumors23 which did not significantly impair 
the renal function.

Conversely, pN patients showed a higher post-
operative complications rate than rN (25% vs. 
7.8%, p=0.02). This result is in line with other 
studies, confirming higher risks for conservative 
approaches.11, 12, 24 however, focusing only on 
major complications, the two groups were com-
parable, with one single complication scored as 
Clavien 3a in pN group. again, from these data 
it seems that pN is a safe approach also in case of 
large tumors, but the expertise of the surgeon is 

Discussion
in last years, the renal MiS scenario has been 
revolutionized by the spread diffusion of neph-
ron sparing approaches,18, 19 nowadays repre-
senting the gold standard treatment for clinical 
T1 renal tumors.2

The progressive extension of the indication 
to conservative surgery in even more complex 
cases has led to consider such approach also in 
case of large renal tumors.20-22 Thus, the fea-
sibility of minimally invasive pN is nowadays 
under scrutiny for cT2 lesions.14 literature on 
this topic is limited because of the surgical 
complexity of such procedures, the heteroge-

Figure 1.—Cumulative incidence plots representing 5-year 
cancer-specific mortality (CSM) and other cause mortality 
(oCM) for patients treated with pN and rN.

Figure 2.—Kaplan-Meier plots for prediction of 5-year pro-
gression-free survival in patients treated with pN and rN.

PN vs. RN

Pr
ob

ab
ili

ty

Months

 0 10 20 30 40 50

1.0

0.8

0.6

0.4

0.2

0.0

CSM PN
CSM RN
OCM PN
OCM RN

P value: 0.08
P value: 0.91

5-yr CSM partial nephrectomy: 7.7%
5-yr CSM radical nephrectomy: 16.7%
5-yr OCM partial nephrectomy: 5.1%
5-yr OCM radical nephrectomy: 6.6%

PN

Pr
og

re
ss

io
n 

ra
te

 (%
)

 0 12 24 36 48

1.00

0.75

0.50

0.25

0.00

Log-rank
P=0.023

RN

Time

 52 46 38 31 21

 64 55 47 38 20

 0 12 24 36 48
Time

PN

RN

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



MiNi-iNVaSiVe TreaTMeNTS oF T2 reNal MaSSeS aMparore

Vol. 73 - No. 4 MiNerVa Urology aNd Nephrology 515

regarding risk of oCM. our Crr models that 
focused on oCM according to pN vs. rN, did 
not identify a statistically significant difference 
in oCM rates between the two management 
strategies. These observations, even if differ-
ent from previous literature findings,11, 12 could 
be explained by the fact that comorbidities pre-
disposing to oCM (85% of the patients having 
CCI ≤2) and subsequently OCM were equally 
distributed between pN and rN patients (5.1% 
vs. 6.6%, P=0.9). Moreover, these findings are 
supported by young population age (median 59 
years) and an optimal preoperative renal function 
(mean 79.6 ml/min/m2) recorded in both groups.

Finally, in the light of the important differenc-
es in terms of pathological tumor characteristics 
we focused on potential pFS disadvantages that 
might be associated with the use of pN, relative 
to rN. however, even if Kaplan-Meier plots 
showed higher progression rates in patients treat-
ed with rN, our Cox multivariable model failed 
to show statistically significant difference in 
5-year pFS (hr for pN=0.7, Ci: 0.1-3.5, p=0.7) 
between the two management strategies.

Taken together, results of our study suggest 
that minimally invasive pN is a feasible ap-
proach even in case of large renal masses, with 
a good profile in terms of perioperative and on-
cological safety and better functional outcomes 
if compared with rN. Nevertheless, surgeon’s 
experience plays a key role in the choice of 
nephrectomy type balancing radiological and 
clinical features of the tumor, as well as patient 
health status.12-14, 30 When facing with a clini-
cally organ-confined large lesion with aggressive 
appearance or surgically complex, or when the 
surgeon’s experience is limited, rN has to be 
considered as the safest option.16

Limitations of the study

The present study has some limitations. First, the 
small sample size of our cohort, as well as its ret-
rospective nature are important biases. Second, 
even if the oncological follow-up is extended up 
to a median of 46 months, functional variables 
are available up to 12 months only. Third, the in-
crease in pN over rN during the study period 
could be a potential confounder. This evidence 
is explained by the extension of indication to 

crucial to minimize perioperative risks. indeed, 
data coming from multicenter case series in 
which many surgeons performed interventions, 
shows higher rates of major complications for 
patients treated with pN.11, 12

additionally, analyzing pathological vari-
ables, significant differences in terms of upstag-
ing between the groups were recorded; starting 
from the same clinical stage, a pathological find-
ing of locally advanced/infiltrating tumor oc-
curred more often in patients underwent rN than 
pN. This is in accordance with several other stud-
ies.25-28 For example, in a retrospective analysis 
including 2573 patients with T1-T2 renal tumors, 
hamilton et al. found a higher pT3a upstaging 
rate for rN group.25 Similar results were also re-
corded by reix et al. considering only cT2a le-
sions.26 Moreover, in a multicenter study consid-
ering robot-assisted pN for cT2 renal tumors, the 
upstaging rate was 37%.13 at last, Veccia et al. 
identified tumor size as an independent predictor 
of upstaging in T1 renal neoplasms.28

Finally, concerning functional variables, clear 
advantages were found for pN. indeed, the dif-
ferential values of early and one-year postop-
erative eGFR resulted significantly better in PN 
group (Supplementary Table i). These data are 
in accordance with the literature showing better 
one-year postoperative egFr in cT2 kidney tu-
mor patients treated with pN relative to rN.11, 29

Second, we focused on potential CSM disad-
vantages that might be associated with the use 
of pN, relative to rN. however, cumulative in-
cidence plots showed no statistically significant 
difference between pN and rN patients (7.7 vs. 
16.7%, p=0.08), also if a higher rate of upstag-
ing in rN group was recorded. Similarly, other 
studies,11, 12 confirm our results showing that PN, 
when feasible for organ-confined renal masses 
>7 cm, is oncologically safe in terms of CSM 
rates if compared with rN.

Moreover, also when we relied on Crr mod-
els after adjustment for the confounding effect 
of oCM, type of nephrectomy did not affect 
5-year CSM rates. Conversely, the pathological 
stage was the only independent factor predicting 
higher CSM rates, in according with other stud-
ies.13, 28

Third, we also made important observations 
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patients with renal cortical tumours: a retrospective cohort 
study. lancet oncol 2006;7:735–40. 
7. Carbonara U, Simone g, Capitanio U. robot-assisted 
partial nephrectomy: 7-year outcomes. Minerva Urol Nefrol 
2020. [epub ahead of print]
8. derweesh ih, ryan ST, hamilton Za. partial nephrectomy 
for T1b and T2 renal masses: a subtle paradigm shift and a 
new synthesis. Cancer 2018;124:3798–801. 
9. Checcucci e, amparore d, pecoraro a, peretti d, aimar r, 
de Cillis S, et al. 3d mixed reality holograms for preoperative 
surgical planning of nephron-sparing surgery: evaluation of 
surgeons’ perception. Minerva Urol Nefrol 2019. [epub ahead 
of print]
10. Jeldres C, patard JJ, Capitanio U, perrotte p, Suardi N, 
Crepel M, et al. partial versus radical nephrectomy in patients 
with adverse clinical or pathologic characteristics. Urology 
2009;73:1300–5. 
11. Mir MC, derweesh i, porpiglia F, Zargar h, Mottrie a, 
autorino r. partial Nephrectomy Versus radical Nephrec-
tomy for Clinical T1b and T2 renal Tumors: a Systematic 
review and Meta-analysis of Comparative Studies. eur Urol 
2017;71:606–17. 
12. li J, Zhang y, Teng Z, han Z. partial nephrectomy ver-
sus radical nephrectomy for cT2 or greater renal tumors: a 
systematic review and meta-analysis. Minerva Urol Nefrol 
2019;71:435–44. 
13. Bertolo r, autorino r, Simone g, derweesh i, garisto 
Jd, Minervini a, et al. outcomes of robot-assisted par-
tial Nephrectomy for Clinical T2 renal Tumors: a Multi-
center analysis (roSUla Collaborative group). eur Urol 
2018;74:226–32. 
14. Bradshaw aW, autorino r, Simone g, yang B, Uzzo rg, 
porpiglia F, et al. robotic partial nephrectomy vs minimally 
invasive radical nephrectomy for clinical T2a renal mass: a 
propensity score-matched comparison from the roSUla 
(robotic Surgery for large renal Mass) Collaborative group. 
BJU int 2020;126:114–23. 
15. levey aS, Bosch Jp, lewis JB, greene T, rogers N, 
Roth D; Modification of Diet in Renal Disease Study Group. 
A more accurate method to estimate glomerular filtration rate 
from serum creatinine: a new prediction equation. ann intern 
Med 1999;130:461–70. 
16. porpiglia F, amparore d. re: partial Nephrectomy 
Versus radical Nephrectomy for cT2 or greater renal Tu-
mors: a Systematic review and Meta-analysis. eur Urol 
2020;77:283–4. 
17. aguilar palacios d, Wilson B, ascha M, Campbell ra, 
Song S, deWitt-Foy Me, et al. New Baseline renal Function 
after radical or partial Nephrectomy: a Simple and accurate 
predictive Model. J Urol 2021;205:1310–20. 
18. dong W, Chen X, huang M, Chen X, gao M, ou d, et 
al. long-Term oncologic outcomes after laparoscopic and 
robotic Tumor enucleation for renal Cell Carcinoma. Front 
oncol 2021;10:595457. 
19. hollingsworth JM, Miller dC, daignault S, hollenbeck 
BK. Five-year survival after surgical treatment for kidney 
cancer: a population-based competing risk analysis. Cancer 
2007;109:1763–8. 
20. pierorazio pM, Johnson Mh, patel hd, Sozio SM, Shar-
ma r, iyoha e, et al. Management of renal masses and local-
ized renal cancer: systematic review and meta-analysis. J Urol 
2016;196:989–99. 
21. long CJ, Canter dJ, Kutikov a, li T, Simhan J, Smal-
done M, et al. Partial nephrectomy for renal masses ≥ 7 cm: 
technical, oncological and functional outcomes. BJU int 
2012;109:1450–6. 

pN due to the introduction of robotic surgery in 
the minimally- invasive surgery scenario. The 
choice between minimally invasive pN and rN 
were made by one high-volume surgeon, on the 
basis of surgical, radiological and clinical fea-
tures of the tumor and of patient health status. 
The final choice was made case by case, when 
technically feasible, trying to favor the conserva-
tive approach. This could not be representative 
of the entire urological community, especially of 
less experienced urological surgeon.

lastly, due to small sample size, in the multi-
variable competing risks regression models, was 
not possible to adjust for the effect of important 
variables, such as tumor grade, local recurrence 
or disease progression.

Conclusions

The results of this study confirm that PN, when 
performed by expert surgeons, is a safe and ef-
fective minimally-invasive option for cT2 renal 
masses. Its safety profile is not inferior to RN in 
terms of perioperative outcomes and does not 
expose patients to higher risks of CSM or tumor 
progression. Contrarily, functional outcomes are 
in favor of pN both right after surgery and in the 
long term.
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