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Abstract.

BACKGROUND: The influence of age and comorbidities during decision-making for patients with renal cell carcinoma
remains controversial.

OBJECTIVE: To comprehensively review the available evidence regarding the impacts of age and comorbidities on the
decision to perform partial nephrectomy (PN).

EVIDENCE ACQUISITION: A systematic review was conducted in accordance with PRISMA and registered with
PROSPERO (CRD42022344759). Only randomized control trials, prospective cohort studies, registry-based studies, or
single/multi-institutional retrospective cohort studies comparing PN to other therapeutic options for cT1NOMO renal masses
were considered. The primary outcome was to assess differences in patients’ baseline characteristics between different treat-
ments in order to investigate how those aspects have influenced clinical decision-making. Finally, perioperative outcomes
were compared across the different options.

EVIDENCE SYNTHESIS: Overall, patients who underwent PN were 3 to 11 years younger than those who underwent
other treatments. Baseline renal function was slightly better in patients who underwent PN than in those who underwent
radical nephrectomy (RN), active surveillance (AS), or tumor ablation. Patients undergoing PN had an average pre-treatment
eGFR 4 to 6 points (mL/min/1.73 m?) higher than patients undergoing RN or tumor ablation. Likewise, the proportion of
baseline chronic kidney disease (CKD) before treatment was higher in patients undergoing other treatments, with a rate of
CKD between 6% and 56% higher compared with that for PN. A slightly higher proportion of baseline diabetes mellitus
(DM) and cardiovascular comorbidities (CVD) were found in patients who underwent PN than in those who underwent RN
(20% vs. 21% for DM and 37% vs. 41% for CVD). On average, patients who underwent AS and tumor ablation had more
comorbidities, in terms of Charlson comorbidity index (CCI), DM, and CVD (50% vs. 38% for CCI >2;25% vs. 20% for DM;
and 43% vs. 37% for CVD). In terms of Eastern Cooperative Oncology Group (ECOG) Performance Status and American
Society of Anesthesiologists (ASA) classification, no major differences were found between PN and other treatments, but a
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trend emerged whereby more fit patients underwent PN compared with RN (16% of ECOG >1 for PN vs. 18% for RN and
15% of ASA grade >3 for PN vs. 26% for RN). Again, tumor ablation was preferred for less fit patients (31% of ASA grade
>3). No study included in our systematic review reported the baseline frailty status of patients treated for cT1 renal masses.
The rates of perioperative complications and length of hospital stay (LOS) were similar between different techniques.
CONCLUSIONS: Patients who underwent PN tended to be younger and fitter than those who underwent other available
treatments for ¢T1 renal masses. Since this technique aims at reducing renal function impairment after surgery, a greater
effort should be made to optimize patient selection to include more comorbid patients for whom PN might be useful.
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INTRODUCTION

For many decades, radical nephrectomy (RN)
was the backbone of therapy for all renal masses.
Although cancer-specific survival associated with RN
is excellent, its negative impact on renal function and
the idea of an overtreatment, especially in case of
cT1 renal masses, led to expand indication for partial
nephrectomy (PN).

Nowadays, PN is considered the gold standard
treatment for cT1 renal masses [1, 2], and its use
is becoming more common owing to the increasing
number of incidentally diagnosed cT1 renal masses.
Furthermore, PN has been demonstrated to improve
renal function and to reduce cardiovascular events
[3-5], with non-inferior oncologic outcome for c/p
T1 renal masses compared to RN [1, 2]. PN is also
being used increasingly in cases of complex renal
masses, with acceptable rates of perioperative com-
plications and mid-term oncological and functional
outcomes [6-8].

Nevertheless, the clinical decision on whether to
perform PN or RN is more complex. Clinicians
should take into account different aspects, both surgi-
cal (surgeon expertise, hospital volume, and surgical
technique availability) and host factors (tumor and
patient characteristics).

The recent advancements of surgical techniques
and the adoption of a minimally invasive approach,
both laparoscopic PN (LPN) and robotic PN (RAPN),
that have been demonstrated to have equivalent onco-
logic outcomes relative to open approaches [9, 10],
have taken an important step forward in optimizing
perioperative outcomes and preserving renal function
after PN [11].

So, in the era of minimally invasive surgery char-
acterized by continuous technical refinements, the
focus is also shifting on several host factors that can
affect the pre-operative probability of PN success
[12]. Patient age and baseline comorbidities are key

factors in surgical success and should be considered
by surgeons before performing PN, leading also to the
evaluation of other possible therapeutic approaches
[13].

Although PN remain the gold standard treatment
for renal masses, international guidelines recommend
that also non-surgical treatment (active surveillance
(AS) and tumor ablation (TA)) should be consid-
ered for frail and/or comorbid patients with T1
renal masses, especially in case of non-eligibility for
surgery [1, 2].

AS is defined as the monitoring over time of
tumor size by serial abdominal imaging with delayed
intervention reserved for tumors showing clinical
progression during follow-up [1, 2]. A growing
number of retrospective studies and meta-analyses
evaluate the safety of AS and compare it to surgi-
cal treatments, showing that in selected patients, with
advanced age and/or comorbidities, AS could be con-
sidered appropriate as first approach to cT1 renal
masses [14-17].

Regarding TA, different techniques to treat small
renal masses have been described over years, all with
the objective of developing a less invasive approach
able to preserve renal function, improve patient pro-
cedural tolerance and reduce the risk of complications
related to surgery. In a recent systematic review,
TA for cT1 renal masses was found to be safe in
terms of complications and adverse events, but its
long-term oncological effectiveness compared with
surgery remained unclear [18].

Despite literature, everyday life clinical decision
on how to approach a renal mass is more complex.
There is still no clear consensus on which factors
should guide the choice of treatment and especially
on how patient’s baseline features can affect surgical
outcomes. Therefore, this systematic review aims to
comprehensively investigate the available evidence
on the influence of age and comorbidities on the
choice to perform PN for cT1 renal masses.
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MATERIALS AND METHODS

This systematic review was performed according
to the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [19] and is registered in the
International Prospective Registry of Systematic
Reviews (PROSPERO; CRD42022344759).

Search strategy

A systematic review of the literature was con-
ducted using PubMed/MEDLINE, Cochrane Library
Central, EMBASE, and Scopus databases. A litera-
ture search of original English language articles was
performed. Search terms are listed in the supple-
mentary material and include combinations of the
following: partial nephrectomy, radical nephrectomy,
comorbidity, Eastern Cooperative Oncology Group
(ECOG) Performance Status, American Society of
Anesthesiologists (ASA) classify, frailty, perfor-
mance status, Charlson comorbidity index, ablation,
thermoablation, cryoablation, and active surveil-
lance. The titles and abstracts of the manuscripts
obtained from the search were used to screen for ini-
tial study inclusion. A full-text review was performed
when the abstract was insufficient to determine study
inclusion. The reference lists of the included stud-
ies were manually searched for completeness, and if
a study was suitable for inclusion, it was included
in our systematic review. Four authors (C.R., F.C,
G.M., and D.C.) independently completed the study
selection. Potential disagreements were resolved by
consensus among all the co-authors.

Inclusion criteria

Only randomized control trials, prospective cohort
studies, registry-based studies, and single/multi-
institutional retrospective cohort studies were con-
sidered. No time restrictions were applied during the
search period. Mandatory inclusion criteria for the
qualitative synthesis were as follows: (1) only full-
text English original articles comparing PN (open,
laparoscopic, or robotic) to other types of treat-
ments for kidney tumors [RN (open, laparoscopic,
or robotic), tumor ablation (cryoablation, radiofre-
quency ablation, stereotactic ablative radiotherapy,
or other ablative techniques) or active surveillance];
(2) only adult patients (age >18 years); (3) only
cT1 (cTla or cTlb) cNO cMO renal masses (any
histology was included); and (4) data available

for patients’ baseline characteristics before surgery,
including one or more of the following: age, BMI,
Estimated Glomerular Filtration Rate (eGFR), and
comorbidities as scored with the Charlson comor-
bidity index (CCI), Eastern Cooperative Oncology
Group (ECOG) Performance Status, American Soci-
ety of Anesthesiologists (ASA) classification, and/or
frailty index.

Exclusion criteria

Previous reviews or meta-analyses, commentaries,
editorials, letters, abstracts, and brief communica-
tions were excluded from the search. Non-English
reports were excluded from this study. An addi-
tional exclusion criterion was the non-availability
of full-text articles after contacting the correspond-
ing authors. Reports were considered relevant and
included if they provided extractable data on the base-
line characteristics of patients before cT1 renal mass
treatment.

Variable collection and outcome measures

Variables were collected according to a proforma
and categorized as follows:

e Age (<70 vs. >70 years, when possible)

e BMI (normal <25 vs. abnormal >25, when pos-
sible),

e Glomerular filtration rate (GFR) [chronic kidney
disease (CKD) (GFR <90 mL/min/1.73 m?) vs.
non-CKD patients (GFR >90 mL/min/1.73 m2),
when possible]

o Cardiovascular comorbidities (CVD), including
hypertension, myocardial infarction, vascular
problems, valve problems, and other cardiovas-
cular diseases (yes vs. no)

e Diabetes mellitus (DM), type I or II (yes vs. no)

o CCI (mildrisk, CCI <2 vs. moderate-severe risk,
CCI >2 when possible) [20]

e ECOG (ECOG <1 vs.ECOG>1, when possible)
(21],

o ASA classification (ASA <2 vs. ASA >3 when
possible) [22, 23]

e Frailty status (cut-off for frail and non-frail
patients might vary across studies; therefore,
frailty status might be presented with different
indexes).

The primary outcome of this systematic review
was to show differences in patients’ baseline char-
acteristics between those who underwent PN and
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Fig. 1. PRISMA 2022 flow diagram for new systematic reviews — Study selection with inclusion and exclusion criteria of the reviewed

studies.

those who underwent other treatments for cT1 renal
masses in order to investigate how patient base-
line characteristics affected the choice of performing
PN. In addition, perioperative outcomes of differ-
ent techniques were analyzed, considering intra- and
post-operative complication rates, classified accord-
ing to the Clavien-Dindo classification, and the
length of hospital stay.

RESULTS

Evidence selection

Figure 1 details the full studies selection, as for
PRISMA guidelines [19]. Out of 526 studies ini-
tially found through our search, 47 reports complying

with our inclusion/exclusion criteria were included
in the final systematic review, enrolling a total of
143,732 patients. All the reports included in the qual-
itative synthesis and the baseline characteristics of
the patients are summarized in Table 1. Of 47, 20
studies compared PN to RN for a total of 46,705 vs.
48,858 patients; 24 studies compared PN to tumor
ablation for a total of 23,365 vs. 7,335 patients,
respectively; 2 compared PN, RN, and tumor abla-
tion for a total of 5,377 vs. 11,031 vs. 899 patients,
respectively; and 1 compared PN, RN, tumor abla-
tion, and AS for a total of 65 vs. 15 vs. 14 vs. 68
patients, respectively. Overall, of the 143,732 patients
included in the qualitative synthesis, 75,512 under-
went PN (OPN, LPN or RAPN), 59,904 RN (ORN,
LRN or RARN), 8248 underwent tumor ablation
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Table 1

53

erview of the studies included in this review and patients’ baseline characteristics before partial nephrectomy or other types of treatment
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- 48.(60.1%);
Kimetal. | p005 | Neptreciomy LPN:79 5633 12.30 F:31(39.9%) cT1:79 27.714384 ) ) ) ‘ ) ‘ 22£05(1-4)
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_— OPN:275; | <65: 164 (57%); M: 196 (68%); Yos:34(12%), | Yesi42(15%) | 0: 113 (45%);
Thorpson | 000 | Neptreciomy LPN:11 | 266:122 (43%) F: 90 (32%) cT1: 286 . . ) No:252 (88%) | No:244 (85%) | >0:130 (55%) . _
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©n N Sl LRN: 52 64.4 [27-85] M: 53.9%; cTib52 300(289-520) | 10142418 Yes:26 (50%); | Yes: 8 (15.4%);
P! Y F:46.1% No: 26 (50%) No: 44 (84.6%)
- M: 677 (65%):
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QL ED) ol ORN: 696; 66 (57-73) M: 539 (63%); cT1a: 363 (42%); 286(25.7-32.0) | 64.0(53.4-748) | Yes: 174 (20%); Yes: 793 (93.4%); 1(0-2) <1: 822 (96.8%);
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P! v F: 55 (36.7%) 22: 31 (20.1%) >1: 43 (27.9%) 23:11(7.1%)
_ M: 16 (53.3%); CTha: 27 (90%); Yes: 23 (76.7%); | Yes:B(26.7%); | Yes:7(23.3%); <219 (63.3%);
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(Continued)
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(Continued)
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(Continued)
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Overview of the studies included in the systematic review and patients’ baseline characteristics before partial nephrectomy or other types of
treatment, including: studies comparing Partial Nephrectomy to Radical Nephrectomy (background color: green), studies comparing Partial
Nephrectomy to Tumor Ablation (background color: blue), studies comparing Partial Nephrectomy to Radical Nephrectomy and Tumor
Ablation (background color: yellow) and studies comparing Partial Nephrectomy to Radical Nephrectomy, Tumor Ablation and Active
Surveillance (background color: orange). BMI: body mass index; eGFR: estimated glomerular filtration rate pre-treatment; CKD: chronic
kidney disease; CCI: Charlson comorbidity index; ECOG: Eastern Cooperative Oncology Group performance status scale; ASA: American
Society of Anesthesiologists physical status classification system; PN: partial nephrectomy; RN: radical nephrectomy; OPN: open partial
nephrectomy; ORN: open radical nephrectomy; LPN: laparoscopic partial nephrectomy; LRN: laparoscopic radical nephrectomy; RAPN:
robot-assisted partial nephrectomy; RARN: robot-assisted radical nephrectomy; AS: active surveillance; PA: percutaneous ablation; CR:
cryoablation; TA: thermal ablation; RFA: radiofrequency ablation; LTA: local tumor ablation; LRATE: laparoscopic radiofrequency ablation
assisted tumor enucleation; ccRCC: clear cell renal cell carcinoma; nccRCC: non clear cell renal cell carcinoma.

(including percutaneous ablation, cryoablation, ther- In addition, considering the two studies comparing
mal ablation, radiofrequency ablation, local tumor PN to RN and tumor ablation to AS, patients who
ablation and laparoscopic radiofrequency ablation underwent PN were the youngest, followed by those
assisted tumor enucleation) and 68 underwent AS. who underwent RN and tumor ablation, with those

who underwent AS the oldest [67-69].
Age
Body mass index
Of the 20 studies included in the qualitative syn-

thesis comparing PN to RN, the mean (or median) Of the 47 studies included in our systematic review,
age of patients who underwent PN ranged between 21 reported patients’ BMI during treatment. Consid-
53 and 78 years, whereas that of those who under- ering the studies that compared PN to RN, the mean
went RN ranged between 54 and 79 years [24-45]. (or median) BMI of patients treated with PN ranged
Thompson et al. [31] reported that the proportion of between 23.1 and 29.0kg/m? while that of those
patients aged >65 years undergoing PN was 43%, treated with RN ranged between 23.3 and 30.0 kg/m?
compared with 52% undergoing RN (p =0.08). Fur- [24, 25, 27-30, 34, 36, 37, 44].

thermore, the proportions of patients aged >70 years Considering the studies that compared PN vs.
reported by Becker et al. [32] and Huang et al. [26] tumor ablation, the mean (or median) BMI of patients
were 59.9% and 72.1% for patients undergoing PN undergoing PN ranged between 23.1 and 31.1 kg/m?
compared with 71% and 78% of patients undergoing while that of those undergoing tumor ablation tech-
RN, respectively (p <0.001). niques ranged between 23.5 and 30.4 kg/m? [47, 50,

Comparing PN and tumor ablation (cryoablation, 51, 53,57, 60, 62, 63, 70].
radiofrequency ablation, stereotactic ablative radio- The median BMI for patients elected for AS was

therapy, or other ablative techniques), the mean (or 28.7 4+ 5.5kg/m? [69].
median) age of patients who underwent PN ranged

between 46.4 and 72 years, while that of those under- Renal function

going tumor ablation techniques ranged between 45.5

and 84 years [46-66]. Weinberg et al. [64] reported a Of the 47 studies included in the qualitative
rate of 16.2% for patients >70 years undergoing PN, synthesis, 19 reported pre-treatment renal function
compared with 42.4% for those undergoing tumor expressed as estimated glomerular filtration rate

ablation (p <0.001). (eGFR, mL/min/1.73 m?).
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Considering the studies that compared PN to RN,
the mean (or median) eGFR of patients submitted to
PN ranged between 70.3 and 103.4 mL/min/1.73 m?
while that of those submitted to RN ranged between
64.0 and 101.4 mL/min/1.73 m? [24, 27-30, 36, 37,
43, 44, 69]. The median eGFR values reported by
Gershman et al. [36] and Chung et al. [29] were 70.4
(57.0-82.6) and 71.0 (62.6-86.6) for patients under-
going PN compared with 64.0 (53.4-74.8) and 69.4
(58.2-79.2) of patients undergoing RN, respectively
(»<0.001 and p=0.004).

Considering the studies that compared PN to tumor
ablation techniques, the eGFR of patients submit-
ted to tumor ablation ranged between 58.2 and
94.2 mL/min/1.73 m? while that of those submitted
to PN ranged between 71.2 and 97.5 mL/min/1.73 m?
[47, 49, 57, 60-63, 65, 66]. A statistical difference in
pre-treatment eGFR was reported by Rembeyo et al.
[47] (85 vs. 67, p=0.001), Acosta Ruiz et al. [60]
(78.1vs. 71.1, p=0.03), Yanagisawa et al. [61] (71.2
vs.58.2,p <0.001), and Bird et al. [57] (82.3 vs. 62.8,
p<0.05).

Furthermore, considering active surveillance,
patients had worse renal function than patients under-
going PN (81.5+12.1 vs. 89.7+11.7, p<0.001)
[69].

The incidence of pre-operative CKD (GFR
<90 mL/min/1.73 m?) among patients undergoing PN
ranged between 15.0% and 27.1%, while that of those
who underwent RN ranged between 7.0% and 64.0%
(36,41-43,67). Gershman et al. [36] reported a lower
baseline proportion of moderate to severe CKD in a
cohort of patients submitted to PN than in patients
who underwent RN (29.0% vs. 40.0%, p<0.001).
However, Thompson et al. [31] reported the opposite,
with a higher rate of pre-operative kidney failure in
the PN population than in the RN population (15.0%
vs. 7.0%, p<0.001).

Comparing PN to tumor ablation, the propor-
tion of patients with baseline CKD ranged between
6.0% and 76.0% for patients undergoing PN and
between 10.0% and 89.0% for patients who under-
went tumor ablation [48, 63, 65, 67]. Mason et
al. [65] reported a proportion of CKD between
patients undergoing PN of 76%, compared with
89% of patients undergoing tumor ablation (p<
0.001).

Danzig et al. [69], comparing PN to RN, AS, and
cryoablation, reported a lower rate of CKD in patients
undergoing PN compared with the other treatments
(51.0% vs. 73.0% vs. 88.0% vs. 64.0%, respectively,
p<0.001).

Cardiovascular diseases

Only 19 studies included in the qualitative synthe-
sis reported the baseline cardiovascular comorbidities
(CVD) in the cohorts included in the analyses.

Considering the studies that compared PN and
RN, the proportion of patients with CVD among
patients undergoing PN ranged between 11.0% and
76.7%, while that for those who underwent RN
ranged between 20.0% and 83.3% [24,26-29, 35-37,
43]. Gershman et al. [36] reported a proportion of
CVD between patients undergoing PN of 11%, com-
pared with 28% of patients undergoing RN (p<
0.001).

Furthermore, considering the studies that com-
pared PN and tumor ablation, the proportion of
patients with baseline cardiovascular comorbidities
among patients undergoing PN ranged between 3.0%
and 59.0%, while those who underwent tumor abla-
tion ranged between 8.0% and 100.0% [47, 48, 50,
57, 61-63, 65]. There were no studies in which
patients who underwent PN had a higher proportion
of baseline CVD than those who underwent tumor
ablation.

In their study comparing PN to RN and percu-
taneous ablation, Talenfeld et al. [67] reported a
significantly lower proportion of patients presenting
baseline cardiovascular comorbidity in those sub-
mitted to PN than in those submitted to RN or
percutaneous ablation (20% vs. 28% vs. 31%, respec-
tively, p=0.03). Furthermore, Danzig et al. reported
a higher proportion of patients with baseline cardio-
vascular comorbidity for those who underwent AS
than for those who underwent PN (7.0% vs. 2.0%,
p=0.3) [69].

Diabetes mellitus

The proportion of patients with baseline type I or I
DM before surgery ranged between 7.8% and 30.5%
among patients undergoing PN, while that of those
who underwent RN ranged from 9.0% to 44.4% [24,
26-29, 31, 35, 37,42, 43]. Chung et al. [29] reported
a proportion of DM between patients undergoing PN
of 20% compared with 27% of patients undergoing
RN (p=0.03).

In all the included studies comparing PN to tumor
ablation, the proportion of patients with baseline DM
was lower for patients who underwent PN than for
those who underwent tumor ablation [47, 48, 50,
61-63, 65], ranging between 11.1% and 34.0% for
PN and between 18.2% and 40.0% for tumor ablation
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[48, 62, 65]. A statistical difference in pre-treatment
DM incidence was reported by Woldu et al. [62] (16%
vs. 40%, p=0.001), Mason et al. [65] (18% vs. 30%,
p<0.001), and Larcher et al. [48] (34% vs. 40%,
p=0.01).

Talenfeld et al. reported a significantly lower pro-
portion of baseline DM in patients undergoing PN
than in patients undergoing RN or PA (30% vs. 35%
vs. 35%, respectively, p=0.01) [67].

Similarly, Danzig et al. [69] reported baseline DM
in 2% of patients who underwent PN and 7% of those
who underwent AS (p=0.06).

Charlson comorbidity index

Eighteen studies reported data on CCI at interven-
tion. No differences were found between the patients
who underwent PN and those who underwent RN.
The proportion of patients with a moderate-to-severe
grade of comorbidities (CCI >2) ranged between
10.1% and 84.0% for patients undergoing PN and
between 11.0% and 76.0% for those undergoing RN
[25, 26, 31, 32, 36, 38, 42].

In contrast, all studies comparing PN to tumor abla-
tion reported a better CCI for patients undergoing PN
[46-48, 51, 57, 58, 60, 61, 64]. Rembeyo et al. [47]
and Weinberg et al. [64] reported proportions of CCI
>2 between patients undergoing PN of 70% and 46%
compared with 88% and 57% for patients undergoing
RN, respectively (p <0.001).

Talenfeld et al. compared PN to RN and PA and
reported that patients undergoing PA had a worse
baseline CCI than patients undergoing RN or PN,
with those who underwent PN being healthier [67]
(PA: 40% of CCI >2, RN: 36% and PN 28%,
p=0.04). No differences were found by Danzig et
al. between cohorts of patients who underwent PN or
AS [69].

ECOG performance status

Overall, only four studies comparing PN to RN
reported patients’ ECOG performance status before
surgery. Gershman et al. [36] reported an higher pro-
portion of patients with a worse performance status
(ECOG grade >1) in the RN group compared with
patients undergoing PN (3% vs. 2%, p <0.001). Two
other studies reported similar results [25, 28]. Only
one study reported a worse performance status in
patients undergoing PN, but this was not statistically
significant [29].

American Society of Anesthesiologists
classification

From the studies comparing PN to RN, no major
differences in ASA score were found between the two
cohorts, even if a non-significant trend toward a lower
ASA can be seen for patients who underwent PN [24,
25,27,34,41, 43, 44].

Considering patients who underwent PN vs. tumor
ablation, a higher proportion of patients with worse
ASA scores (ASA >2) was observed in those under-
going tumor ablation [47, 49, 50, 53, 56, 57, 59, 63,
66, 70].

Frailty index

None of the studies included in our systematic
review reported the baseline frailty index of patients
treated for cT1 renal masses.

Complication rate and length of hospital stay

The intra-operative and post-operative complica-
tion rates, complication grade, and length of hospital
stay (LOS) values are shown in Table 2.

Considering PN vs. RN [25, 30, 32, 34, 37, 43,
44], the rate of intra-operative complications among
patients undergoing PN ranged from 5.6% to 19.7%.
Similarly, that of patients who underwent RN ranged
between 5.7% and 17.5%. Furthermore, the post-
operative complication rate for PN ranged from 4.0%
to 59.6%, whereas that after RN was between 5.0%
and 52.0%. In addition, considering high-grade com-
plications (CD >3), the rates were similar between
PN and RN [25, 30]. The mean (or median) LOS of
patients who underwent PN ranged between 2.1 and
11.5 days, and that for patients who underwent RN
was comparable, ranging between 2.0 and 13.4 days
[25, 34, 37, 44].

Moreover, when comparing PN to tumor ablation
[47, 49-51, 53, 55-57, 59, 61, 63, 64, 66, 70], the
rate of intra-operative complications among patients
undergoing PN ranged between 2.2% and 8.5%,
while that of patients who underwent tumor abla-
tion ranged between 0.0% and 7.1%. Furthermore,
the post-operative complication rate for PN ranged
from 0.0% to 33.3% and between 3.6% and 25.9%
for tumor ablation. Additionally, the rate of complica-
tions classified as Clavien—Dindo >3 ranged between
0.0% and 18.2% for PN and between 0.0% and 11.1%
for tumor ablation. The mean (or median) LOS for
patients who underwent PN ranged from 1.3 to 19.0
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Table 2
Brief report on patients’ outcomes after treatment for renal masses (PN vs. other treatments) of the included studies
Authors Year Study Design No of Patients T Intra-ol_p er::ltive Post-?_p er::ltive Clavien-Dindo Hos(ziat;ls)stay
Yes: 19.7%; Yes: 6.3%;
. . o . o —
Kimstal (54) e Partia}l Nephrectomy vs. LPN: 79 No: 80.3% No: 93.7% ) 2.8 (1-6)
Rl Nephnesieiny LRN:35 | Yes: 17.5%; Yes: 11.4%; 3.2 (1-9)
No: 82.5% No: 88.6
. PN: 26
Partial Nephrectomy vs.
Clark et al. (35) | 2008 H - - - -
Radical Nephrectomy RN: 37
i PN: 556
Huang et al. (26) | 2009 P;::j":'cgleﬁzgif‘e"cr{;{n"ys . . . .
RN: 2435
OPN: 275;
Thompson 2009 Partial Nephrectomy vs. LB 97 _ _ _ _
etal. (31) Radical Nephrectomy ORN: 785:
LRN: 88
Yes: 15.2%; Yes: 24.2%;
i Partial Nephrectomy vs. LPN: 33 No: 84.8% No: 75.8% 212
DEiEnCliel. @) || 2010 Radical Nephrectomy B
LRN: 52 Yes: 5.7%; Yes: 13.5%; 2.02
No: 94.3% No: 86.5%
Badalato et al. Partial Nephrectomy vs. B U
(45) 2012 | " Radical Nephrectom : - - -
P Y RN: 10209
OPN: 15;
Miyamoto 2012 Partial Nephrectomy vs. LS B B R B
etal. (27) Radical Nephrectomy ORN: 26;
LRN: 126
" Partial Nephrectomy vs. PN: 1068
Antonggl)et e 2012 Radical Nephrectomy for - - - -
cT1a RN: 919
Antoneli et al Partial Nephrectomy vs. PN: 198
33) . 2012 Radical Nephrectomy for - - - -
cT1b RN: 1426
" PN: 924
Sunetal. (38) | 2013 | Fartal Nephrectomy vs. - . . -
P Y RN: 6600
Meskawi 2014 Partial Nephrectomy vs. AN ke
etal. (39) Radical Nephrectomy - i B °
RN: 14807
OPN: 1094: Yes.: 746 (59A6:A1);
. ' No: 505 (40.4%)
Partial Nephrectomy vs. LPN: 157
Becker et al. (32) | 2014 A - = -
Radical Nephrectomy . e
LRN: 1066 Yes: 554 (52%);
: No: 512 (48%)
¥ PN: 322
Chung etal. (29) | 2015 P;;':ﬁi::eﬁzgi?e"cr{;ym"y& 5 = 5 =
RN: 449
OPN: 873;
LPN: 620;
Forbes Partial Nephrectomy vs. RN 103
etal. (41) EOlE Radical Nephrectomy ° - : °
: ORN: 148;
LRN: 566;
RARN: 7
Janicic Partial Nephrectomy vs. G T
etal. (42) 20(E Radical Nephrectomy ) ; ) :
ORN: 109
. PN: 615
. Partial Nephrectomy vs.
Takagi etal. (28) | 2016 A - - - -
Radical Nephrectomy RN: 336
" LPN: 39
CaiYetal. (24) | 2018 Psgg;'c;eﬁg'iffc’:‘o{n"s' - - - -
o J LRN: 160
OPN: 990;
Gershman 2018 Partial Nephrectomy vs. LPN: 185 _ _ _ _
et al. (36) Radical Nephrectomy
ORN: 696;
LRN: 153
Yes: 2 (8%), Yes: 1 (4%);
: b : o e o ¥
Partial Nephrectomy vs. Retroperitoneal LPN: 25 No: 23 (92%) No: 24 (96%) 9 (6-20)
Ve el (@) || 208 Radical Nephrectomy B
Retroperitoneal LRN: 38 Yes: 0 (0%); Yes: 2 (5%); No: 7 (3-13)
No: 38 (100%) 36 (95%)
Marchioni 2019 Partial Nephrectomy vs. (PO et _ _ _ _
et al. (40) Radical Nephrectomy RN: 2650
Yes: 10 (5.6%); Yes: 35 (19.8%); | 1-2: 32 (18%); 23:
b . 9 " ) o
e 5 2020 Partial Nephrectomy vs. LPN: 177 | No: 167 (94.4%) No: 142 (80.2%) 3 (1.7%) 11.5+£7.12
Rl Nehiesieiny LRN: 154 | Yes: 9 (5.8%); | Yes:45(25.4%); | 1-2:40 (26%); 23: | 134546
No: 145 (94.2%) No: 109 (61.6%) 5 (3.2%)

(Continued)
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Table 2
(Continued)
Yes: 9 (32.1%);
. . o
Lam et al. (43) 2020 Partial Nephrectomy vs. IFNE S _ Nt 71904 _ _
. Radical Nephrectomy RN: 37 Yes: 10 (33.3%);
No: 20 (66.7%)
Yes: 6 (6.9%); | 1-2:5(5.7%); 23
. . o o
Partial Nephrectomy vs. LPN: 87 No: 81 (93.1%) 1(1.1%)
Kato et al. (30) 2021 Radical Nephrectom: - :
P Y LRN: 66 Yes: 8 (12.1%); | 1-2: 6 (9.1%); =3:
No: 58 (87.9%) 2 (3%)
Yes: 5 (10%);
Bensalah 2008 Partial Nephrectomy vs. (LAY &0 _ o485 (E04) _ 28 145)
<lell (€= Radiofrequency Ablation Laparoscopic RFA: 38 Yes: 3 (8%); 15 (£0.7)
No: 35 (92%)
Yes: 2 (6%); Yes: 2 (6%);
. . o 2 o
Brdetal, (57) | 2000 Partial Nephrectomy vs. LPN: 33 No: 31 (94%) No: 31 (94%) _ 3.0(£1.2)
Radieieqliensyiidatan Laparoscopic RFA: 36 |  Yes: 1 (2.7%); Yes: 2 (5.5%); 1D (@)
No: 35 (97.3%) No: 34 (94.5%)
0. . Yes: 2 (3.7%); Yes: 18 (33.3%); 1-2: 14 (25.9%);
part OPN: 19;LPN: 35 | N0 52 (96.3%) | No:36(66.7%) | =3:6 (11.1%) 19 (10-47)
artial Nephrectomy vs.
Cuem ciiell (¢10) 202 Thermal Ablation Open TA: 20; Laparoscopic
Shadl SN Yes: 0 (0%); Yes: 6 (12.5%); 1-2: 5 (10.3%); 15 (13-26)
- No: 48 (100%) No: 42 (87.5%) =3: 1(2%)
Yes: 4 (8.5%); Yes: 0 (0%); 1-2: 2 (4.3%); 23:
) RAPN: 47 | No: 43 (91.5%) No: 47 (100%) 2 (4.3%) 1.383 (0.1237)
Emara etal. (59) | 2014 Pa"“"é”i‘;’:;;‘;‘gr:‘“y S
Ty Laparoscopic CR: 56 Yes: 4 (7.1%); Yes: 2 (3.6%); 1-2: 4 (7.2%); 23: 1.679 (0.175)
No: 52 (92.9%) No: 54 (96.4%) 1(1.9%)
PN: 1057
Partial Nephrectomy vs.
Z?ZTP(SS%? 2015 | Radiofrequency ablation vs. RFA: 180 - - - -
. Cryoablation for cT1a
CR: 187
Thompson 2015 Partial Nephrectomy vs. RS20 _ _ _ .
etal. (58) Cryoablation for cT1b CR: 53
OPN: 30;
LPN: 30;
Partial Nephrectomy vs. RAPN: 30
etletal (@2) | 20 Percutaneous Ablation B - B °
CR: 30;
RFA: 30
Yes: 995 (9.9%);
b e o
Weinberg 2015 Partial Nephrectomy vs. RAPN: 10034 ) No: 9039 (90.1%) i 3.04 £0.13
el (&) Shcebiie Laparoscopic CR: 4241 Yes: 430 (10.1%); 2.89+0.18
No: 3811 (89.9%)
OPN: 14; Yes: 3 (10.3%); | 1-2: 1 (3.4%); =3
. o o
Chang etal. (66) | 2015 Partial Nephrectorny vs. LPN 15 ) No: 26 (89.7%) 2 (6.9%) 7924
Xadioisqlienayitation Percutaneous RFA: 12; Yes: 7 (25.9%); | 1-2:4 (14.8%); 73+20
Laparoscopic RFA: 15 No: 20 (74.1%) 23: 3 (11.1%)
OPN: 1663;
LPN: 521; RAPN: 105
Partial Nephrectomy vs.
Larcheretal. (48) | 2016 Local Tumor Ablation Open LTA: 38; Laparoscopic ° ° - °
LTA: 299; Percutaneous
LTA: 224
BT m——" Yes: 1 (2.2%); Yes: 5 (11.1%);
phrectomy vs. LPN: 45 | No: 44 (97.8%) No: 40 (88.9%) 6.0 (4-9)
Laparoscopic radiofrequency
It el (€ || 20 ablation assisted tumor B
R (LRAl:lI'E) LRATE: 44 Yes: 0 (0%); Yes: 4 (9.1%); 5.5 (3-10)
No: 44 (100%) No: 40 (90.9%)
Yes: 3 (11%);
. No: 24 (89 %)
Open Partial Nephrectomy OPN:26 A I
vs. Robot-assisted Partial . Yes: 5 (4.9%);
Chehab et al. (51) | 2016 Nephractomy vs, RAPN: 102 8 No 97 (95.1%) a 2.60 + 1.40
Percutaneous Cryoablation .
Percutaneous CR: 37 Yes: 4 (10.8%); 1.08 £0.75
No: 33 (89.2%)
Yes: 6 (8.1%);
. . o .
Jetal, (56) 2016 Partial Nephrectorny . LPN: 74 ) No: 68 (91.9%) ) 6.2 (4-9)
Radloeqlienayiidiaton Laparoscopic RFA: 105 Yes: 4 (3.8%); 46 (3-9)
No: 101 (96.2%)
. PN: 1650
Mason et al. (65) | 2017 Partial Nephrec_tomy vs. _ _ _ _
Cryoablation CR: 481
Partial Nephrectomy vs. PN: 120 Lis11()55((1827552;u))
Liuetal. (49) | 2017 IREBUEEENS ' s ' ' - =
. Radiofrequency Ablation ) ) .
(oRCO) RFA: 93 Yes: 17 (18%);

No: 76 (82%)

(Continued)
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(Continued)
. Yes: 6 (21%);
Rartial Nephrectamy vs. PN: 29 No: 23 (79%)
sl () Al Radiofrequency Ablation - - .
(:CcRC’(’:) RFA: 22 Yes: 4 (18%);
No: 18 (82%)
PN: 1055
Partial Nephrectomy vs.
A”d'e(fg)e' al | 2019 Cryoablation vs. RFA: 180 N - . -
Radiofrequency Ablation
CR: 187
Andrews et al. 2019 Partial Nephrectomy vs. P 8220 _ _ _ _
(46) Cryoablation CR: 52
Parketal. (63) | 2019 | [artial Nephrectomy vs. s = : = 12628
Radiofrequency Ablation RFA: 62 8 (5-19)
Pecoraro 2019 Partial Nephrectomy vs. B _ _ _ _
et al. (54) Cryoablation CR: 242
Yes: 21 (2.9%); 1-2: 12 (24.4%);
. o, >7- 0, =
Acosta Ruiz et al. 2019 Partial Nephrectomy L4 _ N2 ({7 1174) =S Hls 2 B0(e=i)
(55) v [REGIETEs ey AHET Percutaneous RFA: 84 Yes: 9 (10.7%); | 1-2: 8 (9.5%); 23: 2.0 (1-8)
No: 75 (89.3%) 1(1.19%)
1-2:7 (19.4%);
RAPN:36 =3: 0 (0%) 5
Partial Nephrectomy vs. o AN
zf;‘b(%‘; 2020 Cryoablation vs. CR55 - - @ 2;;?(}2(8;/6)/“)' 2
. Radiofrequency Ablation = ®
REA 1-2: 5 (45.5%); 2
=3: 0 (0%)
Yes: 10 (11.1%); 1-2: 7 (7.8%);
b . o g o
Yanagisawa et al. 2020 Partial Nephrectomy vs. [Ptk 257 _ N, 60 (@176 = 3:131(3.9%) W=
1 Clyeeifiion CR: 133 Yes: 5 (5.5%); 1-2: 4 (4.4%); 53+53
No 85 (94.5%) =3:1(1.1)
Shi et al. (52) 2020 Partial Nephrectomy vs. PNk gl _ _ _ ~
Percutaneous Ablation PA: 4656
Acosta Ruiz et al. 2021 Partial Nephrectomy vs. LA &t ~ R _ _
(60) Radiofrequency Ablation RFA: 60
PN: 4402
e Partial Nephrectomy vs.
Ch°“(%'g)e‘ a1 2011 | Radical Nephrectomy vs. RN: 10156 B - - -
Thermal Ablation
TA: 578
PN: 975
Partial Nephrectomy vs.
lf;‘f”(fg% 2018 | Radical Nephrectomy vs. RN: 875 - - - -
. Percutaneous Ablation
PA: 321
PN: 65
Partial Nephrectomy vs. RN: 15
Danzig etal. (69) | 2015 | adical Nephrectomy vs. 5 : 5 :
ctive Surveillance vs. AS: 68
Cryoablation d
CR: 14

Brief report on patients’ outcomes after treatment for renal masses (PN vs. other treatments) of the included studies: studies comparing
Partial Nephrectomy to Radical Nephrectomy (background color: green), studies comparing Partial Nephrectomy to Tumor Ablation (back-
ground color: blue), studies comparing Partial Nephrectomy to Radical Nephrectomy and Tumor Ablation (background color: yellow) and
studies comparing Partial Nephrectomy to Radical Nephrectomy, Tumor Ablation and Active Surveillance (background color: orange).
PN: partial nephrectomy; RN: radical nephrectomy; OPN: open partial nephrectomy; ORN: open radical nephrectomy; LPN: laparoscopic
partial nephrectomy; LRN: laparoscopic radical nephrectomy; RAPN: robot-assisted partial nephrectomy; RARN: robot-assisted radical
nephrectomy; AS: active surveillance; PA: percutaneous ablation; CR: cryoablation; TA: thermal ablation; RFA: radiofrequency ablation;
LTA: local tumor ablation; LRATE: laparoscopic radiofrequency ablation assisted tumor enucleation; ccRCC: clear cell renal cell carcinoma;
nccRCC: non clear cell renal cell carcinoma.

days, while that of patients who underwent tumor

ablation ranged from 1.1 to 15.0 days.

DISCUSSION

This systematic review examined 47 papers report-
ing baseline characteristics of patients undergoing PN
compared with those of patients undergoing other

treatments (RN, AS, and tumor ablation) for c¢T1
renal masses, with the aim of describing how host
factors influenced the decision to perform PN and
their impact on perioperative outcomes.

Overall, patients who underwent PN were on aver-
age three years younger than those who underwent
RN, regardless of the surgical approach (open, laparo-
scopic, or robotic), 8 years younger than those who
underwent tumor ablation, and 11 years younger than
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those who were candidates for AS. In addition, in
most of the included studies, baseline renal function
was slightly better in patients who underwent PN than
in those who underwent RN, AS, or tumor ablation,
although statistical significance was not reached in
all the included studies. Patients undergoing PN had
an average pre-treatment eGFR 4 points higher than
patients undergoing RN. Furthermore, eGFR was on
average 6 points higher in patients undergoing PN
than in patients undergoing tumor ablation. Likewise,
the proportion of baseline CKD before treatment was
higher in patients undergoing other treatments than
in those who underwent PN. The rate of CKD among
patients undergoing RN was 6% greater than that for
patients undergoing PN. This percentage increased
considering tumor ablation or AS, being 13% and
56% greater than PN, respectively. There were few
differences in baseline overall comorbidities (CCI)
between PN and RN. However, slightly higher pro-
portions of baseline DM and CVD were found in
patients who underwent PN than in those who under-
went RN (20% vs. 21% for DM and 37% vs. 41%
for CVD). On average, patients who underwent AS
and tumor ablation had more comorbidities in terms
of CCI, DM, and CVD (50% vs. 38% of CCI >2;
25% vs. 20% for DM; and 43% vs. 37% for CVD).
Regarding ECOG and ASA grade, no major differ-
ences were found between PN and other treatments,
but a trend toward more fit patients emerged for those
who underwent PN compared with RN, although this
trend was not statistically significant in most cases
(16% of ECOG >1 for PN vs. 18% for RN and 15% of
ASA grade >3 for PN vs. 26% for RN). Again, tumor
ablation was preferably chosen for less fit patients
(31% of ASA grade >3). Concerning frailty index,
no study included in our systematic review reported
the baseline frailty status of patients treated for cT1
renal masses.

Given these differences in baseline characteris-
tics, we also assessed perioperative outcomes, such
as intra- and post-operative complications and LOS.
Despite PN being a more complex procedure than
RN and more invasive than AS or tumor ablation, the
rates of perioperative complications and LOS were
similar.

PN plays a key role in the treatment of cTl1
renal masses [1, 71]. Several retrospective studies
have suggested that nephron-sparing surgery could
result in better preserved kidney function, decreased
cardiovascular-specific mortality, and improved over-
all survival compared with RN [26, 72-76]. Several
studies have reported a lower other cause of mor-

tality (OCM) in elderly patients subjected to PN
than in other treatments [3, 40, 77]. Moreover, PN
resulted in lower cancer-specific mortality (CSM) in
patients >75 years. Marchioni et al. [40] suggested
that PN should also be considered in elderly patients
with comorbidities. However, our systematic review
reported that PN has been performed over the past few
years, mostly in younger men. Given the feasibility of
this surgery in older and comorbid men, greater effort
should be dedicated to providing PN to this subgroup
of patients.

Additionally, baseline renal function is one of the
most important parameters that surgeons consider
in decision-making regarding the treatment of cT1
renal masses. Several studies have suggested that
PN guarantees better kidney function preservation
than RN after surgery [3, 4]. Furthermore, the major-
ity of patients undergoing PN, even if they might
experience an acute post-operative decrease in renal
function, usually recover within a few months of
surgery [78, 79] and generally have stable long-
term renal function [4]. Huang et al. [80] found that
26% of patients with newly diagnosed RCC had a
baseline eGFR <60 mL/min. Moreover, they demon-
strated that RN, compared with PN, increased the risk
of developing chronic kidney disease in the long term.
In our systematic review, no particular differences
were found in terms of eGFR between PN and other
treatments. Therefore, more effort should be made
to expand indications for PN to patients with lower
eGFR, with the aim of improving post-operative out-
comes.

This is also supported by the fact that intra-
and perioperative morbidity and complication rates,
oncological outcomes, and quality of life after
surgery are similar between PN and RN for cT1 renal
masses [3, 72, 81-83].

The general population is aging, and the rate of
comorbidities is increasing [84]. In this context,
proper patient selection for decision-making in the
treatment of cT1 renal masses is of primary impor-
tance. In some studies, the benefits of PN seemed
to only apply to younger and fitter patients with
fewer baseline comorbidities. Indeed, Sun et al. [38,
85] found a reduction in CSM and OCM among
patients diagnosed with localized RCC who were
treated with surgery compared with non-surgical
treatments. Nevertheless, no benefits were observed
among patients aged >75 years or those with multi-
ple comorbidities. Furthermore, Rosiello et al. [86],
in their comprehensive assessment of frailty status
on surgical, functional, and oncologic outcomes in
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patients treated with PN, found that the risk of OCM
significantly overcame the risk of dying due to RCC
in frail patients. Moreover, he found that frail patients
experienced a permanent decrease in renal func-
tion over time, even after adjusting for pre-operative
eGFR, BMI, WIR, or EBL, without any renal function
plateau or improvement during follow-up.

These findings suggest that the most important risk
factors for unfavorable outcomes after PN remain
unclear, and that the choice of performing PN in
elderly and comorbid patients should be weighed
against the risk of suboptimal surgical outcomes.
There is a void in the guidelines on renal cancer
regarding the recommendations for PN based on
patient characteristics. There are no available ran-
domized trials on this issue, and the majority of
available studies are retrospective and have a high
risk of bias.

Despite its strengths, our systematic review was not
devoid of limitations. First, our findings are limited by
the heterogeneity of the published data in terms of the
study population, exposure, and outcome definition.
Second, because of the purpose of the study, we took
into account only patients’ baseline features (age and
comorbidities), however performing or not PN for
small renal masses is a more complex decision that
should be driven also by surgical (surgeon expertise,
hospital volume, and surgical technique availability)
and tumor factors (e.g. nephrometry scores: RENAL
or PADUA). Third, while evidence is more solid for
PN compared with RN, there are fewer data com-
paring PN to other treatment options. In addition,
given the above-mentioned limitations, the high risk
of bias, and the heterogeneity of the included studies,
we were not able to perform any summary statistics
apart from reporting the ranges of the mean/median
values in each study.

CONCLUSIONS

Patients who underwent PN are younger and
healthier than those who underwent other available
treatments for T1 renal masses. Since this technique
is aimed at reducing renal function impairment after
surgery, a greater effort should be made to optimiz-
ing patient selection and including more comorbid
patients for whom PN might be clinically meaningful.
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