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Abstract
Purpose To compare the outcomes of PN to those of RN in very elderly patients treated for clinically localized renal tumor.
Patients and methods A purpose-built multi-institutional international database (RESURGE project) was used for this 
retrospective analysis. Patients over 75!years old and surgically treated for a suspicious of localized renal with either PN 
or RN were included in this database. Surgical, renal function and oncological outcomes were analyzed. Propensity scores 
for the predicted probability to receive PN in each patient were estimated by logistic regression models. Cox proportional 
hazard models were estimated to determine the relative change in hazard associated with PN vs RN on overall mortality 
(OM), cancer-specific mortality (CSM) and other-cause mortality (OCM).
Results A total of 613 patients who underwent RN were successfully matched with 613 controls who underwent PN. Higher 
overall complication rate was recorded in the PN group (33% vs 25%; p = 0.01). Median follow-up for the entire cohort was 
35!months (interquartile range [IQR] 13–63!months). There was a significant di"erence between RN and PN in median 
decline of eGFR (39% vs 17%; p < 0.01). PN was not correlated with OM (HR = 0.71; p = 0.56), OCM (HR = 0.74; p = 0.5), 
and showed a protective trend for CSM (HR = 0.19; p = 0.05). PN was found to be a protective factor for surgical CKD 
(HR = 0.28; p < 0.01) and worsening of eGFR in patients with baseline CKD. Retrospective design represents a limitation 
of this analysis.
Conclusions Adoption of PN in very elderly patients with localized renal tumor does not compromise oncological outcomes, 
and it allows better functional preservation at mid-term (3-year) follow-up, relative to RN. Whether this functional benefit 
translates into a survival benefit remains to be determined.

Keywords Kidney cancer!· Elderly!· Nephrectomy!· Partial nephrectomy

Introduction

The surgical treatment of renal masses remains a controver-
sial topic. While current guidelines recommend adopting 
a partial nephrectomy (PN) whenever possible [1], based 
on overwhelming evidence that preserving renal paren-
chyma might be beneficial, findings from the only available 
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randomized trial in the field failed to confirm such benefit 
[2].

This controversy becomes even more compelling in the 
subgroup of very elderly (# 75!years old) patients, given 
the higher surgical risk of PN, when compared to radical 
nephrectomy (RN), in this particularly frail surgical candi-
dates [3]. Recently, retrospective multi-institutional analysis 
demonstrated a 4.6-fold risk of death by other cause in high-
risk localized kidney cancer patients over 80!years old [4]. 
Therefore, choosing the optimal treatment strategy for these 
subsets of patients remains a clinical challenge.

In the present analysis, we endeavored to compare com-
plications rates, oncological and renal functional outcomes 
of PN versus RN in the specific population of patients older 
than 75!years. The present dataset provides granular data 
that has not previously been explored, and therefore it o"ers 
a di"erent perspective compared to existing literature.

Patients and!methods

Patient population

Institutional review board approval and data-sharing agree-
ments were obtained at 24 North American, European 
and Asian institutions (REnal SURgery in the Elderly—
RESURGE project). Clinical records of patients older than 
75!years who underwent PN or RN for clinically localized 
(cT1-cT2) renal mass between 2000 and 2016 were gathered 
by each institution and collected in a purpose-built database. 
Total 1656 cases (RN, n = 813; PN, n = 843) were collected 
and included in this retrospective analysis. Patients with 
cN1 or cM1, solitary kidneys and benign pathology were 
excluded from the analysis.

Primary endpoint of the study was the assessment of 
mortality [overall mortality (OM), cancer-related mortality 
(CM), and other-cause mortality (OCM)] and renal func-
tional outcomes [estimated glomerular filtration rate (eGFR) 
decline after surgery, de novo surgical chronic kidney dis-
ease (CKD), and worsening of CKD after surgery]. Intraop-
erative, postoperative complications (Clavien–Dindo clas-
sification) and 30-day readmission rates were also collected.

Data collection

Parameters related to demographics, clinical staging, sur-
gery, histopathology, survival outcomes, renal function 
outcomes and perioperative complications were analyzed 
for the entire cohort. Demographics and medical history 
parameters included age, gender, history of hypertension 
(HTN), diabetes mellitus (DM), Charlson Comorbid-
ity Index (CCI), American Society of Anesthesiologists 
(ASA) score, and preoperative CKD stage III (moderate) or 

higher, preoperative blood tests (hemoglobin, serum creati-
nine, eGFR). Clinical staging data consisted of clinical and 
pathology staging based on preoperative imaging.

Operative data included surgical approach (minimally 
invasive vs open, PN vs RN), clamping method (en bloc, 
selective, and unclamped), type of ischemia, and warm 
ischemia time. Histopathology assessment entailed tumor 
classification, surgical margin status, lymph nodal status and 
TNM staging according to the 2010 American Joint Com-
mittee on Cancer classification.

Preoperative and postoperative eGFR was calculated by 
CKD-EPI equation at 1, 6 and 24!months after surgery [5]. 
CKD “worsening” was defined as decrease of eGFR from 
stage III (moderate) CKD to IV/V (severe) CKD any time 
postoperatively. “De novo” surgical CKD was defined as any 
eGFR below 60!ml/min at any time after surgery.

Statistical analysis

Propensity scores for the predicted probability to receive PN 
treatment in each patient were estimated by logistic regres-
sion models. Covariates for inclusion in the propensity 
model were selected a priori based on factors presumed to be 
associated with treatment received. Variables included in the 
model were age at surgery, clinical T stage, Charlson score, 
and preoperative eGFR. Since other two relevant covariates 
(ASA score and Fuhrman grading) had a quota of more than 
10% of missing data, limiting the use of multiple imputation 
methods, we constructed dummy variables to indicate miss-
ingness, and matched also on these variables to ensure that 
the proportions of patients with missing data were balanced 
between propensity score-matched groups.

A propensity score-matched cohort was created by 
matching each PN-treated patient with a RN treated (a 1:1 
match, with replacement and no ties). A genetic matching 
algorithm that maximizes the balance of observed potential 
confounders across matched treated and untreated patients 
was applied. Instead of using a nearest neighbor matching 
within calipers defined by the propensity score, this algo-
rithm uses an alternative approach by matching the linear 
predictor of the estimated propensity score and the consid-
ered covariates once they have been adjusted so as to be 
uncorrelated with the linear predictor. The degree of bal-
ance in measured covariates between treated and untreated 
patients was assessed by paired t tests and bootstrapped 
Kolmogorov–Smirnov tests for nonparametric check of the 
equality of distributions, a procedure demonstrated to be 
consistent even for binary variables [6].

In descriptive analyses, for continuous variables with 
non-normal distribution data were presented as median 
and interquartile range (IQR) and groups were compared 
using the Mann–Whitney U test. Categorical variables 
were compared using the Chi square test. Descriptive 
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tables were calculated both for the original cohort and 
for the matched cohort.

Wilcoxon–Mann–Whitney test was used to compare 
the eGFR values between the two groups cross-sectionally 
at the various timepoints (preoperatively, at 6, 18 and 
36!months after the surgery) and in its paired version to 
compare the values as repeated measures between couple 
of successive timepoints (Fig.!1). Cumulative incidence 
functions for competing risks of CM, OCM and recur-
rence were estimated and compared between groups. 
Then, Cox proportional hazards models were estimated 
to determine the relative change in hazard associated with 
PN vs RN on overall mortality, cancer-specific mortality 
and other-cause mortality (in these latter two cases cause-
specific Cox models were estimated), accounting for clus-
tering at the center level. Hazard ratios were adjusted for 
a list of potential confounders acting on the mortality risk 
(pathologic stage (pT), postoperative complications, pres-
ence of diabetes, presence of hypertension, and Fuhrman 
Grading). The proportional hazards assumption for Cox 
regression model fit was verified by means of the Gramb-
sch and Therneau test on weighted residuals [7]. A mul-
tivariable Cox model was also estimated to find factors 
associated with development of “de novo” surgical CKD 
in the subgroup of patients without CKD at baseline, 
and for CKD “worsening” in the subset of patients with 
preoperative GFR < 60!ml/min. Since these data were 
left-censored (i.e., measurements of eGFR started after 
6!months from the intervention), the “start-stop” count-
ing process version of the Cox model was used. In all 
analyses, significance was set at p value 0.05. Analyses 
were performed using the IBM SPSS Statistics software 
(version 20) and the R statistical software (version 3.4.1).

Results

Baseline characteristics

A total of 1656 patients were considered in the analysis; 843 
(51%) and 813 (49%) underwent RN and PN, respectively. 
A total of 613 patients who underwent RN were success-
fully matched with 613 controls who underwent PN. The 
two reasons for the exclusion were related to the presence of 
at least one missing value in the list of matching parameters 
(27% of excluded patients), or the technical requirement of 
the matching algorithm that looked for the “optimal” match 
for each PN patient (73% of the excluded patients). Median 
follow-up for the entire cohort was 35!months (interquartile 
range [IQR] 13–63!months).

Baseline characteristics of the matched cohort are sum-
marized in Table!1. PN patients had smaller tumor (3.2 vs 
3.8!cm; p < 0.001) and higher rate of baseline HTN (64% 
vs 56%; p < 0.001). Median BMI (25 vs 26! kg/m [2]; 
p = 0.01) was higher in the RN group. There was no sig-
nificant di"erence in baseline eGFR between RN and PN 
group (64 vs 66!ml/min; p = 0.19). Preoperative CKD stage 
III (eGFR < 60!ml/min) rate was similar in both the groups 
(41% vs 40%; p = 0.6). A total of 139 (13%) patients were 
upstaged (pT3/pT4) in this series, with a larger upstaged 
proportion within the RN group (18%).

Surgical outcomes

There were no di"erences between the groups in terms of 
operative time (p = 0.58), estimated blood loss (p = 0.4), and 
intraoperative complications (p = 0.30). Higher overall post-
operative complication rate was recorded for the PN group 
(33% vs 25%; p < 0.01), but without a significant di"erence 
in terms of major complications (RN = 12% vs PN = 24%; 
p = 0.39) (Table!2).

Fig. 1  Time trend analysis 
of postoperative eGFR in the 
matched study cohort
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Renal functional outcomes

Table!3 summarizes renal function outcomes. Surgical 
CKD developed postoperatively in 44% of the PN patients 
and in 81% of the RN patients (p < 0.001). The median % 
decline of eGFR after surgery was 17% in the PN group 
and 39% in the RN group (p < 0.001). Time trend analysis 
on eGFR according to surgical approach showed a stabili-
zation at 6!months (Fig.!1).

PN surgery (HR 0.28 [95% CI 0.14–0.53]; p < 0.01) 
was a protective factor with respect to de novo surgi-
cal CKD. Likewise, patients with preoperative CKD 
(eGFR < 60) were more likely to experience CKD worsen-
ing (eGFR < 45) after surgery (53% vs 45%; p < 0.01). PN 
remained as a protective item in this subgroup of patients. 
A total of 6 patients ended up with eGFR less than 15 
(stage V), without significant di"erences in the number 
of deaths in this subgroup (p = 0.2).

Oncologic outcomes

Overall, 41% (n = 453) of the patients demonstrated a clear 
cell RCC subtype. A 13% upstaging to locally advanced dis-
ease was observed (6% PN vs 19% RN; p < 0.001).

Recurrence rate was higher in the RN group (8% vs 4%; 
p < 0.01). The 35-month cumulative incidence in the RN and 
PN group for OM was 18% and 9% (p = 0.01), for CM was 
7% and 1% (p < 0.01), for OCM was 7% and 6% (p = 0.07), 
respectively.

In the Cox proportional hazards regression model for OM, 
CSM, and OCM, PN was not correlated with neither of the 
endpoints. However, there was a robust trend of lower risk 
for CSM (HR 0.19 [95% CI 0.04–0.97]; p = 0.05) (Table!4).

Discussion

Herein we report the largest multicenter study on surgical, 
renal functional and oncologic outcomes of kidney surgery 
for clinically localized renal masses in very elderly (75!years 
and older) patients.

The use of PN in elder population has historically been 
discouraged due to the assumption of increase overall com-
plication rates [8]. Current guidelines encourage a decision-
making algorithm based on comorbidities, tumor size and 
anticipated life expectancy [1]. A SEER data analysis by Sun 
et!al. failed to demonstrate a CSS benefit for patients over 
75!years undergoing surgery for renal mass when comparing 
to non-surgical approaches [9]. A total of 10,595 patients 
with cT1 RCC treated between 1988 and 2005 were included 
in their analysis. The 5-year CSM rates amongst surgical 
candidates were 4–8% vs 14% in the non-surgical approach, 
not reaching statistical significance. Conversely, another 
analysis on cT1a only patients older than 75!years from 
the same database (period 1995–2007) did demonstrate an 
increased CSM for non-surgical approaches [10]. There are 
a few explanations for the discrepancy. First, the two stud-
ies used cohorts from di"erent periods (1988–2005 versus 
1995–2007), which is important considering changes in cod-
ing of SEER data over time. Second, inclusion criteria were 
slightly di"erent between the studies so that study popula-
tions were slightly di"erent. Third, statistical methodology 
was di"erent, as Sun et!al. used an instrumental variable 
analysis, whereas a propensity score was adopted in the 
other study. Tan et!al. also used SEER data and found that 
receipt of PN was associated with younger age, but during 
the study period (2000–2009), utilization increased signifi-
cantly regardless of comorbidities or patient function [11]. 
Data source in above studies is blurred due to lack of clarity 
in the SEER database, as non-surgical candidates are not 
biopsied and recurrence rates are not detailed.

Table 1  Patient and tumor characteristics: matched cohorts

RN radical nephrectomy, PN partial nephrectomy, BMI Body Mass 
Index, HTN hypertension, DM diabetes mellitus, ASA American Soci-
ety of Anesthesiology, RCC  renal cell carcinoma

Overall
N = 1226

RN
N = 613

PN
N = 613

p value

Patients characteristics
!Male gender, n (%) 664 (54) 345 (56) 319 (52) 0.14
!BMI, kg/m2 25 (23–28) 26 (24–28) 25 (23–27) <0.01
!HTN, n (%) 794 (67) 419 (69) 375 (66) 0.23
!DM, n (%) 272 (23) 150 (25) 122 (21) 0.19
!III–IV ASA score, 

n (%)
519 (50) 328 (63) 191 (38) < 0.01

eGFR, ml!min 0.6
!# 60 727 (59.3) 359 (58.6) 368 (60)
!< 60 499 (40.7) 254 (41.4) 245 (40)

Tumor characteristics
!RCC subtype, n 

(%)
!Clear cell 453 (41) 235 (40) 218 (41) 0.38
!Papillary 353 (32) 178 (30) 175 (32)
!Chromophobe 103 (9) 58 (10) 45 (9)
!Other 210 (19) 120 (20) 90 (17)

pT, n (%)
!pT1a 763 (66) 344 (58) 419 (74) < 0.01
!pT1b 230 (20) 120 (20) 110 (19)
!pT2 28 (3) 18 (3) 10 (2)
!pT3 135 (12) 109 (18) 26 (5)
!pT4 4 (< 1) 2 (< 1) 2 (< 1)

Fuhrman grading
!I/II 645 (66) 286 (59) 359 (74) < 0.01
!III/IV 328 (34) 202 (41) 126 (26)
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Table 2  Surgical outcomes

Values expressed as medians (IQR)
RN radical nephrectomy, PN partial nephrectomy, HTN hypertension, MIS minimally invasive surgery, DM 
diabetes mellitus, BMI Body Mass Index, eGFR estimated glomerular filtration rate

Overall
n = 1226

RN
n = 613

PN
n = 613

p value

Op. time, min 150 (120–195) 150 (120–194) 150 (120–195) 0.58
Ischemia technique, n (%) n/a
!Warm 328 (62)
!Cold 82 (15)
!None 122 (23)

Ischemia time, min n/a 18 (14–24)
EBL, mL 200 (100–350) 200 (100–300) 200 (100–400) 0.40
Intraop. complications, n (%) 104 (11) 57 (11) 47 (9) 0.30
Intraop. transfusions, n (%) 122 (13) 45 (9) 77 (16) < 0.01
Postop. complications, n (%)
!Overall 348 (30) 160 (27) 188 (34) < 0.01
!Major 63 (18) 21 (12) 42 (24) 0.39
!LOS, days 6 (5–9) 6 (4–9) 6 (5–9) 0.57
!30-day readmission, n (%) 20 (5) 13 (7) 7 (3) 0.06

Table 3  Renal functional outcomes

RN radical nephrectomy, PN partial nephrectomy, CKD Chronic Kidney Disease, eGFR estimated glomerular filtration rate
a To predict de novo surgical CKD, the subset of 727 matched patients with preoperative eGFR # 60!ml/min was included. To predict “worsen-
ing” for both levels (< 45 and < 30!ml/min), the subset of 499 patients with preoperative eGFR < 60!ml/min was utilized. HR was adjusted for: 
Body Mass Index, comorbidities (diabetes, hypertension), postoperative complication, gender, ASA score, pT stage, and Fuhrman grading

Overall
n = 1226

RN
n = 613

PN
n = 613

p value

Renal functional outcomes
!Last postoperative eGFR, ml/min 47 (33–60) 44 (28–50) 56 (44–72) < 0.01
!Median % decline eGFR (overall) 27 (13–45) 39 (5–20) 17 (1–27) < 0.01
!Postop. “de novo”  CKDa 766 (62.4) 496 (81) 270 (44) < 0.001
!Worsening 1 (< 45!ml/min)  CKDa 289 (58) 170 (67) 119 (49) < 0.01
!Worsening 2 (< 30!ml/min)  CKDa 135 (27) 87 (34) 48 (20) < 0.01

De novo surgical  CKDa (< 60!ml/min) Worsening  1a (< 45!ml/min) Worsening  2a (< 30!ml/min)
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Adjusted hazard ratio from cox models on the matched  dataseta

!PN 0.28 (0.14–0.53) < 0.01 0.53 (0.32–0.85) < 0.01 0.42 (0.25–0.71) < 0.01

Table 4  Cox models on the 
matched dataset for survival 
outcomes

PN partial nephrectomy, OM overall mortality, CSM cancer-specific mortality, OCM other-cause mortality
a HR adjusted for: Body Mass Index, pT stage, postoperative complications, comorbidities (diabetes mel-
litus, hypertension), Fuhrman grading, and ASA score

OMa CSMa OCMa

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

PN 0.71 (0.22–2.25) 0.56 0.19 (0.04–0.97) 0.05 0.74 (0.30–1.79) 0.50
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In our cohort, renal function outcomes showed an 
increased overall prevalence of stage III CKD after kidney 
surgery, and a larger decline of eGFR in patients undergo-
ing RN. A similar finding was previously reported by oth-
ers [12]. Moreover, a median 15–20% increase in the inci-
dence of CKD stage III amongst all PN datasets in the elder 
subgroups was previously observed [13]. Our data support 
those findings and show that the initial decline in postopera-
tive eGFR stabilizes at 6!months of surgery regardless of 
the surgical approach. Besides, there was no di"erence in 
the decline of GFR depending on the clinical stage (cT1 vs 
cT2). Patients undergoing PN presented a 74% decreased 
risk of surgical CKD; however, this did not translate into 
and increased risk of death by other cause if a worsening 
of CKD (below 45) occurred. Chung et!al. reported a pro-
pensity matched multi-institutional analysis and found that 
despite an overall better preservation of kidney function, 
the use of PN did not translate into lower occurrence of 
stage IV CKD in older (> 65!years) patients, and, therefore, 
no survival benefit was observed in those undergoing PN 
versus RN [14, 15]. Moreover, the renal function re-analysis 
of the only randomized trial comparing the surgical treat-
ment of small renal masses demonstrate that at long-term 
follow-up the rates of extreme renal function loss (eGFR 
less than 15) was similar between PN and RN [16]. The 
di"erence in terms of functional outcomes from our study 
can be explained by di"erences in terms of patient selection. 
The EORTC randomized trial 30,904 included patients with 
renal mass diameter up to 5!cm [16], whereas our data set 
includes patients with larger masses (up to 10!cm tumor 
diameter: cT1a-b and cT2 stages).

Early data on all-cause CKD patients suggested an 
increased risk of all-cause mortality at eGFR decline [17]. 
A multicenter analysis suggested a 1.4-fold increased risk 
of cardiovascular events in patients undergoing RN vs PN 
in the elder subgroup [18]. A 10-year follow-up updated 
analysis supported the previous findings [19]. No survival 
advantage was observed within our data in patients with 
normal renal function after either PN or RN. Controversial 
results have been reported in elder patients in that sense. 
Recent analysis of SEER data analysis on patients older than 
65!years have shown similar cancer-specific survival rates 
with an improvement in overall survival for patients under-
going PN [20]. Authors have suggested that somehow the 
patients selected to undergo PN possess a baseline higher 
likelihood of long-term survival [21].

Our results highlight that either surgical approach was not 
associated with increased overall mortality in our population 
of patients aged > 75!years who had clinically localized renal 
cancer after adjusting for potential confounders. Notably, our 
data support active treatment for localized tumors in elder 
patients as per final pT3 and pT4 demonstrated to be strong 
predictors of death by cancer [22]. A non-neglectable!15% 

upstaging rate has previously been reported in the elder sub-
group [12], and a similar rate was found in our dataset.

It is noteworthy, however, that OM was strongly associ-
ated with the (Charlson) comorbidity index after control-
ling for significant confounders. An increase 1 unit on the 
Charlson index was associated with a 1.8-fold increase in 
the hazard of death from any cause. The CORONA database 
section on octogenarians reported a 4.5-fold increased risk 
of death by other cause in all RCC stages [23]. Moreover, 
this lack of treatment e"ect had already been reported by 
Chung et!al. when comparing PN and RN counterparts (HR 
0.960; p = 0.797) [14].

There are some limitations worthy of discussion. Our 
study is limited by the retrospective design with inherent 
biases therein, as well as the heterogeneous techniques, 
selection criteria, neither lack of central pathology review 
nor clinical staging reassessment. We accounted for several 
patient and tumor characteristics, but observational studies 
cannot account for unmeasured di"erences between groups. 
For example, it is possible that patients that underwent RN 
were frailer, despite controlling for Charlson Comorbidity 
Index. In this regard, a specific geriatric assessment using 
validated tools was not available. We included a competing 
risk analysis to minimize the impact of the assessment in the 
oncological and renal functional outcomes. Furthermore, we 
lacked an active surveillance comparator group. Nonethe-
less the large cohort, multicenter and international design, 
robust follow-up confers confidence to the validity of our 
findings. This is the first large study to provide solid results 
in a very controversial area. Previous studies had reported 
on the prognostic factors for elder patients undergoing 
nephrectomy; however, no comorbidities were available for 
evaluation on those studies [9]. Even though our population 
presents a median of 3!years of follow-up, in this subset of 
patients (over 75!years old) with a short life expectancy, it 
might not imply di"erences in our results the addition of 
longer term outcomes.

Conclusions

The decision-making process for the surgical treatment of 
clinically localized renal masses in very elderly patients 
requires thoughtful consideration of risks and benefits. The 
use of PN over RN in this peculiar subgroup of patients 
does not compromise the oncological outcome, and it allows 
better preservation of renal function at mid-term (3-year) 
follow-up. In our study, this functional benefit does not 
translate into an overall survival benefit at a median follow-
up of 35!months. However, a robust trend for a protective 
e"ect of PN on cancer-specific mortality can be observed. In 
any case, overall and disease-specific mortality seem to be 
mostly influenced by tumor features and patient comorbidity 
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status. The present findings can represent useful information 
for preoperative counseling, as well as for further investiga-
tion within the framework of prospective studies.
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