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Introduction
Renal cell carcinoma (RCCa) is the most fre-
quently diagnosed malignancy among renal 
tumors worldwide,1 and its incidence continues 
to steadily increase in most countries.2 With the 
increased use of modern imaging tools, including 
computed tomography and ultrasonography, the 

number of accidentally detected renal tumors is 
increasing,3 and most RCCa cases are detected as 
small renal masses in asymptomatic patients. 
According to the American Joint Committee on 
Cancer criteria, clinical stage T1 (cT1) are 
⩽7 cm-sized tumor confined to the kidney.4 
Patients with cT1 RCCa generally have a 
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Abstract
Aim: Owing to the limited ability of current imaging modalities, several clinical T1 renal cell 
carcinomas (cT1 RCCa) can be pathologically upstaged to T3a (pT3a) after surgery. There 
have been some controversies regarding the oncological safety of partial nephrectomy 
(PNx) compared with radical nephrectomy (RNx) in these patients. We compared oncological 
outcomes of PNx and RNx in patients with upstaged pT3a RCCa.
Methods: A systematic review was performed following the PRISMA guideline. PubMed, 
MEDLINE, Embase were searched. Oncological outcomes [recurrence-free survival (RFS), 
overall survival (OS) and cancer-specific survival (CSS)] between PNx and RNx were 
compared. The GRADE approach was used to rate the certainty of evidence.
Results: A total of 7406 patients in 12 articles related to upstaged pT3a RCCa were included. 
In adjusted analysis, no difference was observed in RFS [hazard ratios (HR) 0.87; 95% 
confidence intervals (CI), 0.57–0.95; p = 0.88] and CSS (HR, 0.78; 95% CI, 0.59–1.04; p = 0.09) for 
PNx and RNx. Meanwhile, PNx was significantly associated with favorable OS compared with 
RNx (HR, 0.74; 95% CI, 0.57–0.95; p = 0.02).
Conclusions: Our meta-analysis shows that patients treated with PNx have better or at least 
similar oncological outcomes compared with RNx in patients with upstaged pT3a RCCa from 
cT1. In particular, patients who had undergone PNx show a significantly improved OS. If PNx 
is available, we recommend performing PNx for all cT1 RCCa, even in patients with upstaging 
potential. However, due to the low level of evidence, large-scale randomized trials are required.
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favorable prognosis. Current clinical guidelines 
recommend nephron-sparing surgery for the 
treatment of cT1 RCCa if technically feasible. Its 
advantages include offering renal function preser-
vation and similar oncologic outcomes when 
compared with traditional radical nephrectomy 
(RNx).5,6 However, after surgery for these small 
renal masses, several tumors can be pathologi-
cally upstaged to T3a (pT3a). Regrettably, cur-
rent imaging modalities still have limited ability to 
detect adverse pathological features that are asso-
ciated with pT3a, such as renal sinus invasion 
and perinephric fat involvement.7

Previous studies have reported that patients with 
upstaged pT3 RCCa from cT1 have a poorer 
prognosis than those without.8–10 However, previ-
ous reports on the oncological consequences of 
partial nephrectomy (PNx) and RNx in these 
patients are still conflicting.11–22 In particular, 
when tumors are small but cT3 cannot be 
excluded from preoperative imaging studies, it is 
very troublesome to select PNx, although it is 
technically feasible. If clinicians obtain more con-
vincing evidence on the oncological safety and 
efficacy of PNx in patients who are upstaged from 
cT1 to pT3a RCCa, it would be helpful in decid-
ing a surgical strategy for cT1 renal tumors. In 
this study, we compared the oncological out-
comes between PNx and RNx in patients with 
upstaged pT3a RCCa through a systematic 
review and meta-analysis including all recently 
published studies. In addition, the quality of evi-
dence was assessed using complementary statisti-
cal methods for assessing the certainty of 
generated evidence.

Materials and methods

Search strategy
This systematic review is registered in PROSPERO, 
CRD42020176537. Literature search of all pub-
lications between January 2000 and April 2020 
was conducted using the Embase, MEDLINE, 
and PubMed databases. In addition, a cross-ref-
erence search of eligible articles was performed to 
detect studies that were not found in the comput-
erized search. We used combinations of the fol-
lowing MeSH terms and keywords, such as 
“kidney cancer,” “kidney carcinoma,” “renal cell 
cancer,” “renal cell carcinoma,” “partial nephrec-
tomy,” “pT3,” “T3a,” and relevant variants. 
Two authors (DYC and JWK) independently 

reviewed the titles and abstracts based on the 
inclusion criteria and reviewed the identified arti-
cles. In case of disagreement regarding the inclu-
sion of an article, it was discussed with a third 
author (KSC).

Inclusion criteria and study eligibility
The eligibility of a study was evaluated based on 
the participants, intervention, comparator, out-
come, and study design approach, in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guide-
lines. We defined the participants and interven-
tion as patients who were upstaged from cT1 
renal tumor to pT3a RCCa after PNx, respec-
tively. The comparator was defined as patients 
who underwent RNx for RCCa with the same 
characteristics. The first endpoint was recur-
rence-free survival (RFS), the second endpoint 
was overall survival (OS), and the third endpoint 
was cancer-specific survival (CSS). RFS was 
defined as the point at which radiographic or 
pathological evidence of local recurrence and/or 
distant metastases was found after surgery. CSS 
and OS were defined as the time from the date of 
surgery to the date of cancer-specific mortality or 
death from any cause, respectively. There was no 
restriction on research design, and both rand-
omized controlled and non-randomized observa-
tional studies were included. The exclusion 
criteria were as follows: (1) non-human study, (2) 
not written in English, (3) conference and meet-
ing abstracts, and (4) unable to extract outcome 
data. Conference and meeting abstracts were 
excluded even if they fit the inclusion criteria for 
reducing publication bias.

Data extraction
Two authors (DYC and JWK) independently 
reviewed the included articles and extracted 
data at the trial level for each trial. Any discrep-
ancy in extracted data was resolved through 
consensus. Extracted data included the details 
on study design, inclusion and exclusion crite-
ria, whether participants were randomized or 
non-randomized, participant demographics and 
oncological characteristics, patient treatment 
characteristics (patients who were upstaged from 
cT1 renal tumor to pT3a RCCa after PNx or 
RNx), outcomes measured (RFS, OS, CSS), haz-
ard ratios (HRs), 95% confidence intervals (CIs), 
and p-values.
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Study quality assessments
After the final group of articles was agreed upon, 
the two authors (DYC and JWK) independently 
examined the quality. Quality evaluation of the 
non-randomized studies was performed accord-
ing to the Newcastle–Ottawa Scale (NOS).23 The 
three major assessment categories of the NOS 
were selection, comparability, and exposure. A 
study can be given a rating of up to 9 stars, and a 
final score of 6 stars or more indicated high qual-
ity. In addition, we assessed the quality of the 
generated evidence using the Grading of 
Recommendations, Assessments, Developments, 
and Evaluation (GRADE) system.24 GRADE is 
used to systematically approach the evaluation 
and strength of the recommendations. It com-
prises domains for methodology evaluation, accu-
racy of results, consistency of results, immediacy, 
and risk of publication bias. Based on these five 
criteria, the quality of evidence was rated as 
belonging to one of four levels (high, moderate, 
low, and very low).

Statistical analysis
The effects of PNx compared with RNx were 
measured using HR values. Log HR values were 
obtained directly from the trials reporting HR 
point estimates and CIs, and the standard errors 
of log HR were calculated using the published 
CIs.25 Although some trials reported Kaplan–
Meier estimates and log-rank p-values, they 
omitted HR, 95% CI, or both. In these cases, we 
estimated the HR and 95% CI using p-values, 
number of total events, and number of partici-
pants allocated to each arm.26 Estimates for the 
included studies were then combined using a 
random-effects model with inverse variance.27 
Pooled HRs with 95% CIs indicated the effects 
of PNx or RNx on RFS, OS, and CSS. Chi-
square heterogeneity tests were used to test for 
statistical heterogeneity between trials. The I2 
statistic was calculated to measure the discrepan-
cies between clinical trials. A Cochran Q statistic 
p-value < 0.05 or an I2 statistic > 50% was used 
to indicate the presence of statistically significant 
heterogeneity between clinical trials.28 Since <10 
studies qualified for each analysis, funnel plots 
were not used to assess small study effects. 
Sensitivity analysis was performed by evaluating 
the stability of results by sequentially excluding 
each included study. We used the Review 
Manager v.5.3 (2008; Nordic Cochrane Center, 
Cochrane Collaboration, Copenhagen, Denmark) 
to perform the meta-analysis. All p-values were 

two-sided; and except for the test of discrepancy, 
a p-value < 0.05 was considered statistically 
significant.

Ethical approval
This meta-analysis is exempt from ethics approval, 
as we collected and synthesized data from previ-
ous clinical trials in which informed consent was 
already obtained by the trial investigators.

Results

Systematic review process and quality 
assessment
The results for the PRISMA flow diagram are 
presented in Figure 1. The initial database search 
found 1037 studies (634 in EMBASE, 211 in 
MEDLINE, and 192 in PubMed). Of these, 601 
studies remained after duplicates were removed. 
After reviewing the titles and abstracts, 82 articles 
were excluded. Subsequently, the analysis of full-
text articles was performed based on pre-estab-
lished inclusion criteria. Finally, 12 studies11–22 
with a total of 7406 patients were included. 
Information on the included studies is shown in 
Table 1. All studies were retrospective case-con-
trol studies. Among them, three studies used pro-
pensity score matching.11,15,18 There were five 
studies performed in the USA,11,15,19–21 three in 
Korea,12,14,17 two in China,13,18 and one each in 
Canada16 and Germany.22 All of the trials enrolled 
patients diagnosed with upstage pT3 RCCa from 
cT1 renal tumor, who had undergone either PNx 
or RNx. Meanwhile, patients upstaged from cT2 
to pT3a were also included in several studies,17,20 
but these patients were excluded from our study. 
Therefore, in this meta-analysis, we only analyzed 
the data of patients who were upstaged from cT1 
to pT3a.

The results of quality assessment using NOS for 
the included studies are shown in Table 2. All 
studies received a score of 6 points. Overall, the 
quality scores within the subscales represented 
relatively high quality. However, there was some 
selection bias in the control group cases.

Recurrence-free survival
In the analysis using unadjusted HRs, meta-anal-
ysis revealed an overall HR of 0.77 for RFS in 
patients receiving PNx (95% CI, 0.39–1.53; 
p = 0.46) (Figure 2). Heterogeneity was found 
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across studies (Cochran Q statistic, p < 0.0001;  
I2 statistic, 81%). In the analysis using adjusted 
HRs, an overall HR was 0.87 for RFS in patients 
receiving PNx (95% CI, 0.14–5.58; p = 0.88). 
Heterogeneity was found across studies (Cochran 
Q statistic, p = 0.0002; I2 statistic, 88%). In both 
analyses, there was no significant difference in 
RFS between PNx and RNx groups, but the cer-
tainty of each comparison was very low using the 
GRADE approach (Table 3).

Overall survival
In the analysis using unadjusted HRs, the OS 
outcome in PNx group was superior to that in 
RNx group (overall HR, 0.61; 95% CI, 0.47–
0.79; p = 0.0002) (Figure 3). Heterogeneity was 
found across studies (Cochran Q statistic, 
p = 0.07; I2 statistic, 53%). In the analysis using 

adjusted HRs, meta-analysis also revealed that 
PNx was significantly associated with favorable 
OS compared with RNx (overall HR, 0.74; 95% 
CI, 0.57–0.95; p = 0.02). No heterogeneity was 
found across studies (Cochran Q statistic, 
p = 0.26; I2 statistic, 27%). The certainty of com-
parisons was low for adjusted analysis, but very 
low for unadjusted analysis (Table 3).

Cancer-specific survival
Meta-analysis using unadjusted HRs revealed an 
overall HR of 0.74 for CSS in patients receiving 
PNx (95% CI, 0.59–0.93; p = 0.009) (Figure 4). 
No heterogeneity was found across studies 
(Cochran Q statistic, p = 0.38; I2 statistic, 5%). 
However, in the analysis using adjusted HRs, 
there was no difference in CSS between PNx and 
RNx groups (overall HR, 0.78; 95% CI, 

Figure 1. Flowchart for systematic review process and data acquisition.
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Table 2. Results of the quality assessment using the Newcastle–Ottawa Scale.

Author(s) Selection (4) Comparability (2) Exposure (3) Total 
score
  Adequate 

definition 
of cases

Represent-
ativeness 
of cases

Selection 
of 
controls

Definition 
of 
controls

Control for 
important factor 
or additional 
factor

Ascertain-
ment of 
exposure

Same method 
of ascertain-
ment for 
cases and 
controls

Non-
Response 
rate

Weight et al.21 1 1 0 0 2 1 1 0 6

Hansen et al.11 1 1 0 0 2 1 1 0 6

Oh et al.17 1 1 0 0 2 1 1 0 6

Jeong et al.12 1 1 0 0 2 1 1 0 6

Maurice et al.15 1 1 0 0 2 1 1 0 6

Nayak et al.16 1 1 0 0 2 1 1 0 6

Peng et al.18 1 1 0 0 2 1 1 0 6

Shah et al.19 1 1 0 0 2 1 1 0 6

Lee et al.14 1 1 0 0 2 1 1 0 6

Srivastava et al.20 1 1 0 0 2 1 1 0 6

Ziegelmueller 
et al.22

1 1 0 0 2 1 1 0 6

Lai et al.13 1 1 0 0 2 1 1 0 6

Figure 2. Forest plots of recurrence-free survival according to surgical methods.
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Figure 3. Forest plots of overall survival according to surgical methods.

Figure 4. Forest plots of cancer-specific survival according to surgical methods.
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0.59–1.04; p = 0.09). No heterogeneity was found 
across studies (Cochran Q statistic, p = 0.43; I2 
statistic, 0%). The certainty of comparisons was 
low for adjusted analysis, but very low for unad-
justed analysis (Table 3).

Discussion
In our meta-analysis, patients treated with PNx 
showed better or at least similar oncological out-
comes compared with RNx in patients with 
upstaged T3aRCCa from a cT1 tumor. Patients 
who had undergone PNx showed a significantly 
improved OS compared with those who had 
undergone RNx, but there was no difference in 
RFS and CSS between PNx and RNx groups. 
These findings suggest that (1) PNx has no nega-
tive effect on cancer control in patients with 
upstaged T3a RCCa from cT1 tumor, (2) the 
nephron-sparing strategy may be beneficial in 
improving OS, and (3) PNx should be offered in 
cT1 renal tumor if technically feasible. Our study 
is the first meta-analysis to show that PNx has an 
advantage in improving OS in upstaged T3a 
RCCa, but clinicians should be aware that the 
level of evidence was low.

The role of nephron-sparing surgery is becoming 
more significant in the treatment of RCCa. 
McKiernan et al. reported that when controlling 
for preoperative risk factors for renal insufficiency, 
patients undergoing RNx are at a greater risk of 
chronic renal insufficiency compared with a simi-
lar cohort of patients undergoing PNx.29 
Furthermore, Huang et  al. reported that RNx 
have significant statistically increased cardiovas-
cular events and mortality than PNx when adjust-
ing for preoperative demographic and comorbid 
variables.30 Therefore, the importance of nephron-
sparing was further recognized. In 2009, the AUA 
guideline recommended PNx as a standard treat-
ment for cT1a. Since then, in cT1a renal tumors, 
PNx has been performed more frequently than 
RNx.31 In addition, the development of surgical 
techniques, such as robotic surgery, is not limited 
to cT1 in localized RCCa, and PNx is being per-
formed even in cancers over cT2. Several stud-
ies32,33 have shown that the oncologic outcome for 
this is not negative. A meta-analysis by Mir et al. 
reported that34 PNx is a viable treatment option 
for larger renal tumors, as it offers equivalent can-
cer control and better preservation of renal func-
tion with potential for better long-term survival. 
However, they also reported that more careful 
selection is required in patients with a renal tumor 
sized >7 cm.

Therefore, recently, most surgeries for cT1 renal 
tumor are being performed as nephron-sparing 
surgery. However, it is inevitable that some 
upstaged T3a RCCa has been reported among 
them. In contemporary literature, the incidence 
of pathological upstaging showed an incidence 
between 5% and 14%.9,12,16,19 Some researchers 
have predicted these upstaged T3a preopera-
tively, but the predictability is still limited. 
Teishima et  al.7 showed that upstaged T3a was 
related to the irregular shape of the tumor margin 
through enhanced computed tomography. Other 
studies have reported that it was associated with 
age, tumor size, and the serum AST/ALT 
ratio.16,35,36 Several studies have reported the 
prognosis in upstaged patients. Gorin et  al.9 
reported that upstaged T3a patients underwent 
robotic PNx. The 24-month RFS estimates for 
pT1-2 and pT3a tumors were 99.2% and 91.8%, 
respectively. Through an institutional study, 
Russell et al.10 reported that patients with pT3a 
upstaging experience a significantly reduced RFS 
and CSS compared with patients with pT1 dis-
ease. Chen et al.8 performed meta-analysis about 
this, which strongly indicated that postoperative 
pT3a upstaging is significantly associated with 
poor RFS, OS, and CSS in patients with cT1 
RCC. Meanwhile, the result of the oncologic out-
comes of PNx and RNx in this upstaged T3a 
RCCa remains controversial. Most studies did 
not show differences in oncologic outcomes 
between the two surgical procedures. However, 
the study by Shah et al. showed that RFS is better 
with RNx in upstaged T3a.19 Ziegelmueller et al. 
reported that PNx in OS showed better results 
compared with RNx.22 To resolve these conflict-
ing issues, we performed this meta-analysis. In 
the present study, we found that PNx, as treat-
ment for upstaged T3a, showed better or at least 
similar oncological outcomes, especially in terms 
of OS, compared with RNx. Therefore, upstaged 
T3a can be an adverse prognostic feature in cT1 
RCCa, but PNx does not worsen the prognosis.

Recently, a meta-analysis on the present issue was 
published by Deng et  al.,37 but they did not 
include recently published studies between 2019 
and 2020. Also, there were significant differences 
in the characteristics of renal tumor according to 
the two surgical methods, as they included cT2 
patients as well as cT1 patients. However, we 
included the studies that only analyzed cT1 
patients; therefore, the studies included in our 
meta-analysis showed few significant differences 
in renal tumor character between the two groups. 
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In addition, the previous studies used a mixture 
of unadjusted and adjusted values for their meta-
analysis, while we collected unadjusted and 
adjusted results separately in this study. The 
unadjusted result reflects the bivariate relation-
ship between an independent and dependent var-
iable that does not control for covariates or 
confounders. Unadjusted findings are sometimes 
presented in cohort studies, but are generally per-
ceived as likely to be biased due to confounding 
factors. Therefore, for these types of studies, 
adjusted findings are usually preferred for meta-
analysis.38 We obtained different results from pre-
vious meta-analysis through these additional 
statistical methods. As in the previous study, 
there was no difference in RFS between the two 
surgical methods in the upstaged pT3a, and there 
was no difference in CSS in the adjusted analysis 
as well. However, unlike the previous study, our 
study statistically proved that when PNx is per-
formed in upstaged pT3a patients, they may have 
superior OS than when RNx is performed. These 
results show that the oncological results of PNx 
are similar to those of RNx in the upstaged pT3a 
patients, and PNx reduces the incidence of renal 
dysfunction with a lower rate of non-cancer-spe-
cific deaths.39

Our study had some limitations. First, the 
included studies were retrospective in design, and 
inevitably come with limitations such as selection 
bias. In most studies, a specific schedule has not 
been established for the examination to evaluate 
recurrence in patients. Second, the small number 
of studies and sample sizes could affect the overall 
data quality. Finally, some studies did not pro-
vide accurate HR and 95% CI for RFS, OS, and 
CSS. Therefore, the estimates obtained using the 
Kaplan–Meier curve may have some errors. In 
addition, more than half of the studies did not 
provide adjusted HR for RFS, CSS, and OS 
through multivariate analysis; therefore, the num-
ber of studies would be limited when the adjusted 
results are pooled for survival analysis. To over-
come these limitations, well-designed randomized 
trials must be performed in the future. Despite 
these limitations, our study has several strengths. 
Compared with previous meta-analysis, we updated 
the included studies with recently published litera-
tures, and extracted data from studies that were 
more strictly selected. Therefore, this study pro-
vides clinical information on the usefulness and 
safety of PNx in upstaged T3a RCCa. Our find-
ings may explain that in patients with upstaged 
T3a after PNx, pT3a may have a poor prognosis 

rather than pT1, but no additional treatment is 
required. Moreover, the improvement in OS can 
be explained by the nephron sparing. Therefore, 
we think that our results would offer great help in 
treating patients with upstaged T3a RCCa.

Conclusion
Our meta-analysis shows that patients treated 
with PNx have better or at least similar oncologi-
cal outcomes compared with RNx in patients 
with upstaged T3a RCCa from cT1 tumor. In 
particular, patients who had undergone PNx 
show significantly improved OS compared with 
patients who had received RNx. Therefore, we 
recommend that PNx may be performed for all 
cT1 renal tumors, including the ones with 
upstaged potential, if nephron-saving surgical 
approaches are available. However, due to the 
low level of evidence, this result must be inter-
preted with caution. Therefore, large-scale rand-
omized trials and a long-term follow-up study are 
needed to verify this result.
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