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Abstract Objective: To conduct a meta-analysis assessing the perioperative, functional and
oncological outcomes of partial nephrectomy (PN) and radical nephrectomy (RN) for T1b tu-
mours. The primary endpoints were the oncological outcomes. The secondary endpoints were
the perioperative and functional outcomes.
Methods: A systematic literature review was performed by searching multiple databases
through February 2019 to identify eligible comparative studies according to the Preferred Re-
porting Items for Systematic Review and Meta-analysis statement. Identified reports were as-
sessed according to the Newcastle-Ottawa Scale for nonrandomized controlled trials.
Results: Overall, 13 retrospective cohort studies were included in the analysis. Patients
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undergoing PN were younger (weighted mean difference [WMD] �3.49 years, 95% confidence
interval [CI] �5.16 to �1.82; p<0.0001) and had smaller masses (WMD �0.45 cm, 95% CI
�0.59 to �0.31; p<0.0001). There were no differences in the oncological outcome, which
was demonstrated by progression-free survival (hazard ratio [HR] 0.70; pZ0.22), cancer-
specific mortality (HR 0.91; pZ0.57) and all-cause mortality (HR 1.01; pZ0.96). The two pro-
cedures were similar in estimated blood loss (WMD �16.47 mL; pZ0.53) and postoperative
complications (risk ratio [RR] 1.32; pZ0.10), and PN provided better renal function preserva-
tion and was related to a lower likelihood of chronic kidney disease onset (RR 0.38; pZ0.006).
Conclusion: PN is an effective treatment for T1b tumours because it offers similar surgical
morbidity, equivalent cancer control, and better renal preservation compared to RN.
ª 2021 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Partial nephrectomy (PN) is recommended for patients
with T1a (<4 cm) tumours in the European Association of
Urology (EAU) guidelines [1]. For larger renal tumours,
radical nephrectomy (RN) is still the standard treatment,
but in selected cases, PN could be more beneficial
than RN [2].

PN can provide better renal function preservation [3],
which may lower the risk of severe cardiovascular
events and improve overall survival [4]. However, this
benefit was not observed in the prospective randomized
controlled EORTC 30904 trial [5,6]. The difference in the
clinical impact of medically versus surgically induced
chronic kidney disease could be a possible reason [7].
Additionally, a multi-centre retrospective study suggested
that poorer renal function was related to shorter
cancer-specific survival (CSS) in patients undergoing
surgery for renal tumours, which could support the use
of PN [8].

The role of PN still needs to be confirmed for T1b
(4e7 cm) renal masses. Several analyses of the Surveil-
lance, Epidemiology, and End Results (SEER) database have
suggested that PN provides equivalent cancer control to RN
for both T1b and T2 renal masses [9e13], but PN use still
remains limited in both Europe [14] and the USA [11].

One previous systematic review and meta-analysis per-
formed by Kim et al. [15] compared all-cause mortality,
cancer-specific mortality and the rate of severe chronic kid-
ney disease (CKD) between PN and RN for localized renal
tumours. However, most of the studies included in this review
focused on T1a tumours. Therefore, Mir et al. [16] conducted
a systematic review and meta-analysis to define the role of PN
in larger tumours (T1b and above). Mir et al. [16] compared
the perioperative complications, renal function changes and
oncological outcomes of PN and RN for T1b and T2 tumours
and suggested that PN could provide acceptable cancer con-
trol and better renal function preservation with a higher risk
of complications. However, the patients undergoing PN were
an average ofw2.5 years younger and presented with smaller
tumours (weighted mean difference [WMD] �0.65 cm, 95%
confidence interval [CI] �0.81 to �0.49; p<0.001), and the
authors did not conduct a separate subgroup analysis of the
outcomes for T1b.

With the aimofminimizing the selection bias,we designed
the present study as a meta-analysis comparing the periop-
erative, functional and oncological outcomes for PN versus
RN for T1b renal tumours. By extracting adjusted hazard ra-
tios from the included studies, we evaluated oncological
outcomes and made the conclusions more convincing.

2. Methods

2.1. Search strategy

The evidence search was performed in multiple databases
(PubMed, Cochrane Library, and Web of Science) from their
inceptions to February 2019 to identify studies comparing
PN to RN for T1b renal tumours.

Separate searches were carried out using both diagnosis
(renal mass, kidney cancer, renal tumour, 4 cm, and T1b)
and intervention (partial nephrectomy, radical nephrec-
tomy, and nephron-sparing surgery) terms.

We also conducted a reference list search and cited
reference search from full-text articles that met the study
selection criteria.

2.2. Inclusion criteria, study eligibility, and data
extraction

The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) criteria were used for article se-
lection (Fig. 1), which was performed by two investigators
(G.L. and Y.Z.). Studies comparing PN to RN for renal
masses were included regardless of the technique. All
studies were ascertained to contain oncological, perioper-
ative or functional outcomes and were written in English.
First, the titles and abstracts were screened to determine
whether studies might potentially fit the inclusion criteria.
Second, full texts were assessed to ascertain whether
studies should be included. Studies without primary data
(i.e., reviews, commentaries, and letters) were excluded,
but the reference lists were examined to identify additional
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Figure 1 PRISMA flow chart of the study identification pro-
cess. Of the 14 studies ultimately included, in one case, the
same group reported two separate analyses for different end-
points (Roos et al. [19,20]; see the text). PN, partial ne-
phrectomy; RN, radical nephrectomy; PRISMA, the Preferred
Reporting Items for Systematic Reviews and Meta-analysis.
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studies of interest. References from the included studies
were also reviewed to ensure that relevant studies were
included. Discrepancies were resolved by discussion with a
third reviewer (W.O.).

For studies containing oncological outcomes (progres-
sion-free survival, cancer-specific mortality, and all-cause
mortality), we extracted the hazard ratios (HRs) to eval-
uate the effect of different procedures. When univariate
regression and multivariate regression were both per-
formed, we chose the HRs from multivariate regression, as
these HRs were adjusted for confounders (i.e., age, tumour
size, and stage). For studies including perioperative out-
comes (operative time, estimated blood loss, complica-
tions, and hospital stay) or functional outcomes
(postoperative renal function, postoperative CKD, and
decline in estimated glomerular filtration rate [eGFR]), the
baseline data of the patients (age, tumour size, baseline
renal function, and baseline CKD) were extracted to eval-
uate selection bias.

2.3. Assessment of study quality

The quality of each study was determined using the
NewcastleeOttawaScale (NOS) for nonrandomizedcontrolled
trials(www.ohri.ca/programs/clinical_epidemiology/oxford.
asp). The maximum score of the scale is 9. A total score of 5
or lower is considered low quality, 6e7 is considered
intermediatequality, and8e9 isconsideredhighquality.
2.4. Data analysis

A formal meta-analysis of studies comparing PN to RN for
cT1b tumours was conducted. In addition, a sensitivity
analysis was performed by excluding the lowest-weighted
or lowest-scored studies.

For continuous outcomes, WMD was used to measure
differences, whereas the risk ratio (RR) with 95% CI was
calculated for binary variables. For studies reporting me-
dians and ranges (or interquartile ranges [IQR]), validated
mathematical models were used to convert the median
(range or IQR) to the mean (standard deviation) [17,18].

When two publications were reported by the same group
and it was clear that the same dataset was used for different
study endpoints, relevant parameters were counted only
once for the scope of the present analysis. This was the case
for the series reported by Roos et al. [19,20]. When two
publications were reported by the same group and the same
dataset was used for the same endpoint, the data with more
recent outcomes and longer follow-up timeswere extracted.
For the two publications reported by Weight et al. [21,22],
considering the potential overlap of the dataset, we
extracted the perioperative and functional data from the
study [21], as the baseline characteristics of the two arms
were more comparable in the study. As the oncological out-
comes had been adjusted for confounders, we extracted
oncological outcomes from the study [22] for its larger sam-
ple size. There were several studies based on data accessed
from a national database [9e13,23,24], and we excluded all
of these because of the potential data duplication and inner
heterogeneity of medical institutions.

A fixed-effects model was used to calculate the pooled
estimates if no significant heterogeneity was identified
(I2<50%); otherwise, a random-effects model was used.
Egger’s linear regression and funnel plot were examined to
evaluate the publication bias. All statistical analyses were
performed using Review Manager 5.3 (Cochrane Collabora-
tion, Oxford, UK).

3. Results

Overall, 13 retrospective cohort studies were included in
the analysis (Table 1) [19e22,25e34]. Of these studies, two
separate analyses for two endpoints in the same study were
reported by the same group [19,20].

The characteristics of the included studies are presented
in Table 1. All included studies were retrospective in nature
and compared the relevant outcomes of PN and RN. Two
studies focused on the outcomes of T1b and T2 tumours and
conducted subgroup analyses for T1b tumours [19,20,32].
Four studies were conducted based on multi-institutional data
[25,30,32,34], while the data in other studies were collected
from a single centre [19e22,26e29,31,33]. Most of these
studies focused partially or totally on open surgery, and
laparoscopic techniques were used for all surgeries in only
two studies [26,28].

Patients undergoing PN were younger (WMD �3.49 years,
95% CI �5.16 to �1.82; p<0.0001) with smaller masses (WMD
�0.45 cm, 95% CI �0.59 to �0.31; p<0.0001). Notably, in
most analyses of different outcomes, the differences in age
and tumour size were not significant (Table 2).
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The oncological outcomes showed no difference in
progression-free survival (HR0.70, 95%CI 0.40 to 1.24;pZ0.22;
Fig. 2), cancer-specific mortality (HR 0.91, 95% CI 0.66 to 1.26;
pZ0.57; Fig. 3) or all-cause mortality (HR 1.01, 95% CI 0.81 to
1.26; pZ0.96; Supplement Fig. 1). Only two studies were
included in theprogression-free survival analysis; therefore, an
analysis of recurrence rate was performed and concluded that
the incidence of recurrencewas lower after PN (RR 0.53, 95%CI
0.32 to 0.86; pZ0.010; Fig. 2).

Regarding the perioperative outcomes, there was no dif-
ference in estimated blood loss (WMD �16.47 mL, 95% CI
�68.06 to 35.13; pZ0.53; Supplement Fig. 2) or postoperative
complications (RR 1.32, 95% CI 0.95 to 1.84; pZ0.10; Fig. 4).

With similar baseline renal function (WMD 0.27 mL/min,
95% CI �2.47 to 3.02; pZ0.85), PN was associated with
better postoperative renal function (WMD 14.77 mL/min,
95% CI 11.65 to 17.89; p<0.0001; Supplement Fig. 3), a
smaller decline in eGFR (WMD �6.60 mL/min, 95% CI
�12.85 to �0.35; p<0.0001; Supplement Fig. 4), and a
lower likelihood of postoperative CKD onset (RR 0.38, 95%
CI 0.19 to 0.76; pZ0.006; Fig. 5).

Sensitivity analyses were performed by excluding the
lowest-weighted or lowest-scored studies. Most outcomes
remained consistent with the previous outcomes, except for
the decline in renal function. After excluding the study by
Weightetal. [21], thedifference inthedecline in renal function
became negative. Moreover, there were only three studies
included in the analysis, and the study by Roos et al. [20] was
theonly studywithnegative results. In this paper, thedecline in
function was presented as the median and range, and the
specific statistics were 17 (1e72) for PN and 19 (4e118) for RN.
We estimated the SD of the two arms based on the range, but
thedistributionwasunknown,andthenegativeresult shouldbe
considered with caution. Additionally, in this study, the base-
line eGFR was similar for PN and RN, and the postoperative
renal function was significantly different.
Table 1 Studies included in the meta-analysis for assessment of

Study Study period Study design Stu

Lee et al., 2017 [32] 1994e2014 RTP, MI, PM So
Roos et al., 2011 and 2012 [19,20]a 1988e2007 RTP, SC, PM Ge
Antonelli et al., 2012 [25] 1995e2007 RTP, MI, Ita
Cai et al., 2018 [26] 2005e2012 RTP, SC Ch
Dash et al., 2006 [27] 1998e2004 RTP, SC US
Jang et al., 2016 [30] 1999e2011 RTP, MI, PM Ko
Milonas et al., 2013 [33] 1998e2009 RTP, SC Lit
Thompson et al., 2009 [34] 1989e2006 RTP, MI US
Weight et al., 2010 [22] 1999e2006 RTP, SC US
Deklaj et al., 2010 [28] 2002e2008 RTP, SC US
Weight et al., 2010 [21] 1999e2006 RTP, SC US
Iizuka et al., 2012 [29] 1979e2011 RTP, SC Ja
Kim et al., 2010 [31] 1995e2004 RTP, SC Ko

PN, partial nephrectomy; RN, radical nephrectomy; FU, follow-up; S
retrospective; SC, single-centre; MI, multi-institutional; PM, pair-mat

a These groups reported two separate analyses for the same datase
b Mean.
A funnel plot of the studies included in the meta-analysis
reporting CSS is shown in Fig. 6. Publication bias was not
significant for any of the results.
4. Discussion

To our knowledge, this is the first meta-analysis comparing
PN to RN for T1b renal masses. Mir et al. [16] conducted a
systematic review and meta-analysis to compare the peri-
operative, functional and oncological outcomes; however,
they did not conduct a subgroup analysis for T1b
tumours, and the selection bias in their meta-analysis was
significant. We further analysed the baseline characteris-
tics according to tumour stage and evaluated the selection
bias to obtain more convincing conclusions (Table 2). For
T1b patients, PN is as effective as RN in cancer control but
has better renal function preservation under a similar risk
of postoperative complications.

To synthesize the oncological outcomes, we used the
HRs that had been adjusted for potential confounders
(Table 3). The oncological equivalence between PN and RN
demonstrated by our study was consistent with the findings
of EORTC 30904, the only prospective randomized trial
comparing PN to RN for kidney cancer, although patients
were limited to masses <5 cm [6]. Although many con-
founders were adjusted, reliable parameters assessing pa-
tient surgical conditions, such as the American Society of
Anesthesiologists score, Charlson comorbidity index,
Eastern Cooperative Oncology Group score, and tumour
complexity scores, such as RENAL and PADUA, were used
only in partial studies, and it was technically impossible to
perform a pooled analysis.

The consideration of surgical morbidity is essential when
comparing high-risk surgical procedures. The estimated
blood loss during surgery did not differ among T1b patients,
outcomes for PN versus RN for cT1b and higher renal tumours.

dy origin T stage PN/RN
cases (n)

PN/RN median
FU (month)

Surgical
technique

SQ

uth Korea T1b and T2 317/841 46 NS 8
rmany T1b and T2 101/146 52.8/79.2 Open 7
ly T1b 198/1426 47 Open 6
ina T1b 39/160 67/70 Lap 8
A T1b 45/151 21 Open 7
rea T1b 100/100 42.6/48.1 Open 8
huania T1b 34/317 74.76/77.28b Open 7
A T1b 286/873 57.6 Open/lap 6
A T1b 524/480 50/46 Open/lap 6
A T1b 33/52 15/21 Lap 7
A T1b 212/298 49/41 Open/lap 6
pan T1b 67/195 22.4/71.1 Open 7
rea T1b 18/52 78.2/66.5b Open 7

Q, study quality according to the NewcastleeOttawa Scale; RTP,
ched; NS, not specified; lap, laparoscopic.
t.



Table 2 Summary of baseline characteristics and outcomes of different analyses.

Outcomes Stage Included studies Baseline (WMD and 95% CI) Effect and 95% CI

Age (year) Tumour size (cm)

Operative time T1b [29,30,33] �0.61 (�2.36, 1.15) �0.31 (�0.65, 0.04) WMD e3.98
(�14.99, 7.02)

Estimated blood loss T1b [29,30] �0.43 (�2.43, 1.57) �0.19 (�0.56, 0.19) WMD e16.47
(�68.06, 35.13)

Postoperative
complications

T1b [20,28,30,33] �2.21 (�4.34, �0.08) �0.33 (�0.66, 0.01) RR 1.32 (0.95, 1.84)

Transfusion T1b [20,30] �2.19 (�5.72, 1.34) �0.13 (�0.51, 0.24) RR 1.10 (0.69, 1.78)
Postoperative renal

function
T1b [20,26,30,31] �3.24 (�6.43, �0.06) �0.25 (�0.51, 0.01) WMD 14.77

(11.65, 17.89)
Decline in renal

function
T1b [20,21,31] �5.71 (�8.20, �3.21) �0.65 (�0.80, �0.50) WMD �6.60

(�12.85, �0.35)
Onset of CKD T1b [21,28,30,31] �4.84 (�8.87, �0.82) �0.39 (�0.81, 0.03) RR 0.38 (0.19, 0.76)
Progression T1b [27,32] NAa NAa HR 0.70 (0.40, 1.24)
Cancer-specific

mortality
T1b [22,25,26,30,32e34] NAa NAa HR 0.91 (0.66, 1.26)

All-cause mortality T1b [22,26,32e34] NAa NAa HR 1.01 (0.81, 1.26)

WMD, weighted mean difference; CI, confidence interval; RR, risk ratio; HR, Hazard ratio; NA, not applicable; CKD, chronic kidney
disease; RR, risk ratio.

a Baseline differences for oncological outcomes were not showed in this table, as HRs were adjusted with ages and tumour sizes in
included studies.
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which is different from the conclusion of Mir et al. [16]. PN
was also related to a higher likelihood of postoperative
complications for T2 patients in the study by Mir et al. [16],
while in our analysis, the difference was not significant;
however, considering the selection bias (Table 2), the
equivalence in surgical morbidity should be confirmed with
caution. In the EORTC 30904 trial, there was a slightly
Figure 2 Forest plots of cancer progression after PN versus RN for
versus RN for T1b tumours; (B) Forest plot of recurrence rate for
radical nephrectomy; SE, standard error; CI, confidence interval.
higher risk for PN, which alerted us to be more conservative
to the equal risk of complications in T1b. However, the
increase in risk was still acceptable.

The better preservation of renal function is the moti-
vation to conduct nephron-sparing surgery (NSS). CKD is
associated with a higher risk of severe cardiovascular dis-
ease, cancer-specific mortality, and all-cause mortality,
T1b tumours. (A) Forest plot of progression-free survival for PN
PN versus RN for T1b tumours. PN, partial nephrectomy; RN,



Figure 3 Forest plot of cancer-specific survival for PN versus RN for T1b tumours. PN, partial nephrectomy; RN, radical ne-
phrectomy; SE, standard error; CI, confidence interval.

Figure 4 Forest plot of postoperative complications for PN versus RN for T1b tumours. PN, partial nephrectomy; RN, radical
nephrectomy; CI, confidence interval.

Figure 5 Forest plot of onset of CKD for PN versus RN for T1b tumours. CKD, chronic kidney disease; PN, partial nephrectomy; RN,
radical nephrectomy; CI, confidence interval.

Figure 6 Funnel plot of the studies included in the meta-
analysis reporting cancer-specific survival. SE, standard error.
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and RN increases the risk of CKD [3,4,8,35]. In our analysis,
PN showed better preservation of renal function than RN
and resulted in a lower rate of CKD, although all-cause
mortality did not improve. Functional outcomes of EORTC
30904 suggested that PN reduced the incidence of at least
moderate renal dysfunction (eGFR<60), but the beneficial
impact of NSS on eGFR did not improve survival [5,6], which
is consistent with our study. Regarding cancer-specific
mortality, although no difference was observed in the two
groups, according to a previous multi-centre analysis [8],
PN might be a better option for patients with abnormal
renal function because the preservation of renal function
may result in longer CSS.

Recurrence is an essential topic when we discuss the
adoption of PN. Our analysis of progression-free survival
reported similar outcomes for PN and RN but a lower
recurrence rate for PN. Notably, the tumour sizes for PN



Table 3 Adjusted factors of oncological outcomes.

Study Adjusted factors

Lee et al. [32] Age, BMI, sex, tumour size, cellular grade, and pathologic stage
Antonelli et al. [25] Age, sex, tumour size, pathologic stage, and surgical margin status
Cai et al. [26] Age, ASA score, and pathologic stage
Dash et al. [27] Age, grade, stage, tumour size, and vascular invasion
Jang et al. [30] Age, sex, comorbidities, BMI, tumour size and depth, histologic type, and preoperative eGFR
Milonas et al. [33] Age, tumour size, pathologic stage, ASA score, and tumour grade
Thompson et al. [34] Age, CCI, pathologic stage, tumour size, histological subtype, and chronic kidney disease
Weight et al. [22] Age, tumour size, presence of contralateral disease, solitary kidney status, and CCI
Roos et al. [19] Age, symptoms at presentation, type of surgery, tumour size, and ASA score

ASA score, American Society of Anesthesiologists score; CCI, Charlson comorbidity index; ECOG score, Eastern Cooperative
Oncology Group score; BMI, body mass index; eGFR, estimated glomerular filtration rate.
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were smaller than those for RN in most included studies,
and selection bias could be a potential reason. However, in
the pair-matched cohort study, the recurrence rate with
PN (6/100) was still lower than that with RN (12/100) [30].
Another explanation is that the loss of renal function can
lead to an imbalance in inflammation activation and sup-
pression, ultimately resulting in uraemia-related immune
deficiency [36]. The progression-free survival analysis also
suggested that PN might be related to better survival, and
the difference might become significant if more studies
were included. Our analysis suggested that the
progression-free survival of PN was not inferior to that
of RN.

Several studies have compared the oncological outcomes
of PN and RN for T1b-only tumours. Badalato et al. [12] and
Meskawi et al. [11] suggested that PN and RN were com-
parable in all-cause mortality and cancer-specific mortality
in their analysis of the SEER database. There were also
many outcomes reported for T1b-2 patients. Ristau et al.
[24] described the improved overall survival of PN, which
was not observed in patients aged �65 years, in their
analysis of the National Cancer Database from 2004 to 2014
that included 212 016 patients. In the analysis of the SEER
database reported by Zhang et al. [9], an advantage of PN
in overall survival was not observed, but PN was related to
better CSS. Compared to our outcomes in the meta-
analysis, these previous studies were consistent with our
conclusions for T1b tumours, although they were more
optimistic about PN for T1b-2 tumours. One possible
explanation is the lack of measurable parameters assessing
tumour complexity in these databases. Surgical procedures
are more likely to be complex for larger masses. In these
cases, with larger tumours, patients with more surgically
resectable tumours tend to undergo NSS. Particularly for
these studies analysing national databases, selection bias
could not be ignored because of the heterogeneity of
medical institutions and large sample size. In conclusion,
PN may provide equivalent oncological outcomes for T1b
patients when feasible.

The complexity of the tumour may inform decisions in
surgical treatment, but it could not be measured in a stan-
dard manner until the RENAL score was created in 2009 [37].
In our included studies, only one study used the RENAL score
to assess the complexity of tumours [29]. The nephrometry
scores of PN and RNwerematched in this study, but the study
did not investigate the oncological outcomes. Jang et al. [30]
used propensity scores, including tumour size and depth, to
assess oncological and functional outcomes and concluded
that compared with RN, PN showed similar progression-free
survival (pZ0.66) and CSS (pZ0.52) and better overall sur-
vival (pZ0.003). Both Deklaj et al. [28] and Kim et al. [31]
matched tumour locations in their studies, and no significant
difference in oncological outcomes was observed. A study
using the RENAL score compared the oncological outcomes of
PN and RN for renal masses no less than 7 cm and found no
significant difference [38]. These studies indicated that PN
could provide similar cancer control to RN given similar
tumour complexity.

Our study had several limitations. First, as a meta-
analysis of retrospective studies, several biases were
inevitable because of the retrospective nature. Exclusion of
patients with missing data, a lack of detailed clinical in-
formation and a central histopathological review were po-
tential sources of bias. Second, as an important factor that
affects both clinical decision-making and prognosis, the
complexity of the tumours was not appropriately measured
in most included studies, which is a problem that could be
solved by designing a better prospective randomized trial
using a proper scoring system.

5. Conclusion

Our systematic review and meta-analysis suggested that PN
is superior to RN with similar surgical morbidity, oncological
outcomes and better renal function preservation for T1b
tumours. Our findings could be helpful in evidence-based
clinical decision-making but should be critically interpreted
based on an assessment of the complexity of the tumour.
Nevertheless, a properly designed, prospective randomized
clinical trial is still warranted to confirm the role of PN in
the treatment of larger renal tumours.
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