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Background and objective: Surgery is the primary therapy that crucially affects
the survival of patients with kidney cancer (KC). However, pertinent surgical
decision criteria for individuals with stage T2-3 KC are lacking. This study
aimed to display the practical choices and evolving trends of surgical
procedures and elucidate their implied value.

Methods: Through the Surveillance, Epidemiology, and End Results (SEER)
dataset, the levels and evolving trends of different surgical methods were
examined to determine cancer-specific risk of death (CSRD). Additionally,
stratification analysis and survival rate analysis were performed to explore the
effectiveness of partial nephrectomy (PN).

Results: In this study, 9.27% of patients opted for PN. Interestingly, an upward
trend was observed in its decision, with an average annual percentage change
(AAPC) of 7.0 (95% CI: 4.8-9.3, P<0.05). Patients who underwent PN and
were in a relatively less severe condition exhibited more favorable CSRD levels
(0.17-0.36 vs. 0.50-0.67) and an improvement trend compared with those
who underwent radical nephrectomy (RN) (AAPC: —1.9 vs. —0.8). Further
analysis showed that the levels of CSRD and survival rates for patients opting
for different surgical methods followed a similar pattern.

Conclusions: This study showed that RN was still the most common surgical
method. Patients with stage T2-3 KC had an increasing preference for PN and
exhibited more favorable cancer-related survival outcomes, which
underscores the need for further investigation and validation.
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1 Introduction

Kidney cancer (KC) is a malignancy with relatively favorable prognostic outcomes,
accounting for 2.2% of all cancer cases and 1.8% of all cancer-specific deaths (CSDs)
globally (1). The incidence of KC steadily increases with age and grows even worse
with continuous aging (2). Radical nephrectomy (RN) is the predominant treatment
modality for KC. The advancement of this therapy has contributed greatly to the
decrease in KC-related mortality over the recent decades (3, 4). Nevertheless, owing to
the relatively positive prognosis and earlier detection of smaller tumors, trends in
the surgical modalities for KC are evolving. These trends are increasingly focusing
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on preserving the organ and minimally invasive techniques,
such as partial nephrectomy (PN) assisted with a robot
or laparoscope (3, 5).

With the superiority of preserving organ function to RN, the
effectiveness exploration and technical optimization preference for
PN have been hot topics in the field of surgery methods for KC in
the past two decades. Compared with RN, PN is known for its
ability to preserve kidney function, ultimately translating into
survival benefits. Therefore, it has become the preferred and
standard treatment for patients with stage Tla KC (6, 7).
However, the current evidence supporting the superiority of PN to
RN is primarily based on retrospective cohort studies. For T2-3
patients with relatively large tumors, there is even limited evidence
their
controlled trials (8, 9). PN also presents its own set of challenges,

concerning advantages from prospective randomized
including increased surgical complexity and a higher likelihood of
positive margins. This may lead to a less favorable prognosis,
particularly for patients with pre-existing health conditions (5).
Studies in North America have reported that the effect of PN vs.
RN on patients of KCs with large tumors may be limited and that
tumor outcomes may be more closely associated with the nature
of the disease (10, 11). At present, some studies have elucidated
the advantages of PN and RN from different perspectives and
explored different aspects, including the specific population such
as elderly patients (12-14), factors from kidney function levels or
others (15, 16), and the transition from planned PN to RN (17).
The optimal surgical decision for patients with stage T2-3 KC and
the suitable patient population have not been comprehensively
assessed and discussed in clinical settings.

Therefore, this study aimed to analyze how the choice of
surgical methods for stage T2-3 KC affects their cancer-specific
outcomes and their variation trends, containing cancer-specific
risk of death (CSRD) and survival rates at various time points,
aiming to provide possible novel insights into the surgical
selection among such patients.

2 Materials and methods
2.1 Study population and data sources

The analysis data were obtained from the Surveillance,
Epidemiology, and End Results (SEER) database. Research cases
were identified from the case list in “Incidence-SEER Research
Plus Data, 18 Registries, Nov 2020 Sub (2000-2018)”, based on
“site and morphology CS Schema AJCC 6th Edition” = “Kidney”.
The patient inclusion criteria were as follows: individuals with a
confirmed pathological diagnosis, T staging of T2-3 (patients
diagnosed before 2015 were classified according to AJCC 6th,
thereafter by EOD 2018), local or regional KC, and a clearly
defined surgical approach. The surgical approaches were divided
into five categories: no surgery [code: 00], local tumor
destruction with ablation [code: 11-15], local tumor excision
with ablation [code: 21-25], PN [code: 30], and RN [code: 40—
80]. The variables were collected according to: (i) age at

diagnosis, (ii) sex (female/male), (iii) age (<65 years/>65 years),
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(iv) marital status (single/married/unknown), (v) histological type
(clear cell adenocarcinoma/papillary adenocarcinoma/others/renal
cell carcinoma but type unknown, (vi) grade (I/II/III/IV/
unknown), (vii) laterality (right/left/other), (viii) stage T (T2/T3),
(ix) N positive (no/yes/unknown), (x) size of tumor, (xi) surgical
information, (xii) radiotherapy (beam radiation, no/yes/other
types), (xiii) chemotherapy (no/yes/unknown), (xiv) survival
months, (xv) survival status (alive/death), and (xvi) specific death
status (no/yes/unknown). This study was conducted in adherence
with the Data Use Agreement from the National Cancer Institute
and considered exempted research by our institution.

2.2 Cancer-related outcomes used in this
study

Two concepts related to cancer-specific outcomes were
considered: CSD rate, defined as the ratio of the number of
individuals who died from a specific cancer to the total population
of that surgical type, and CSRD, defined as the ratio of the CSD
rate to the ratio of deaths within that population. This approach
considers the changes in CSRD over different years because of the
potential differences in the proportion of deaths. Considering that
the efficacy of some cancer treatments may predominantly involve
postponing death, survival rates at various time points were also
used to gain additional insights into treatment effectiveness.

2.3 Statistical analysis

Firstly, patients were divided into different subgroups based on
their diagnosis year and surgical methods they selected. Descriptive
statistical methods were used to determine the levels and trends of
how patients with stage T2-3 KC selected various surgical methods
and their corresponding CSRD over the years. The joinpoint
regression method was used to calculate annual percentage change
(APC) and average annual percentage change (AAPC) for
determining the variation trends in the proportion of surgery
selection and CSRDs. Chi-squared test or Wilcoxon rank-sum test
was used to compare disease severity across various surgical groups
in Table 1. Logistic regression analysis and stratified analysis were
performed to identify the risk factors for CSD and assess how
these factors affect CSRDs. The occurrence of CSD was considered
a dependent variable, whereas the surgical method was an
independent variable. Lastly, the levels and trends of survival rates
at various time points were analyzed for three surgical modalities
utilizing the survival package of R software (version 4.2.1 for
Windows). Statistical significance was set at P <0.05.

3 Results
3.1 Proportion and trends in the population

A total of 32,135 patients were included in this study
(Figure 1), and 45.9% of patients aged 65 or older (Table 1).

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1370702
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Song et al.

TABLE 1 Demographic characteristics of the five surgical groups.

10.3389/fsurg.2024.1370702

Total NN DA EA PN RN P
N (%) 32,135 657 (2.0) 41 (0.1) 23 (0.1) 2,980 (9.3) 28,434 (88.5)
Age >65 (%) 14,758 (45.9) 450 (68.5) 29 (70.7) 14 (60.9) 1,365 (45.8) 12,900 (45.4) <0.001
Sex = Female (%) 10,489 (32.6) 229 (34.9) 17 (41.5) 8 (34.8) 868 (29.1) 9,367 (32.9) <0.001
Marital status (%)
Single 10,602 (33.0) 306 (46.6) 15 (36.6) 8 (34.8) 885 (29.7) 9,388 (33.0) <0.001
Married 20,144 (62.7) 314 (47.8) 23 (56.1) 14 (60.9) 1,945 (65.3) 17,848 (62.8)
Unknown 1,389 (4.3) 37 (5.6) 3(7.3) 1(4.3) 150 (5.0) 1,198 (4.2)
Histological type
Clear cell adenocarcinoma 19,647 (61.1) 274 (41.7) 19 (46.3) 11 (47.8) 1,544 (51.8) 17,799 (62.6) <0.001
Papillary adenocarcinoma 3,223 (10.0) 54 (8.2) 4 (9.8) 3 (13.0) 617 (20.7) 2,545 (9.0)
Others 3,968 (12.3) 103 (15.7) 3(7.3) 2 (8.7) 405 (13.6) 3,455 (12.2)
RCC but type unknown 5,297 (16.5) 226 (34.4) 15 (36.6) 7 (30.4) 414 (13.9) 4,635 (16.3)
Grade
I 1,538 (6.1) 47 (17.9) 3 (13.0) 2 (15.4) 183 (8.1) 1,303 (5.7) <0.001
I 10,570 (41.7) 104 (39.7) 15 (65.2) 8 (61.5) 1,071 (47.7) 9,372 (41.1)
11 9,987 (39.4) 87 (33.2) 4 (17.4) 2 (15.4) 841 (37.4) 9,053 (39.7)
v 3,227 (12.7) 24 (9.2) 1(4.3) 1(7.7) 152 (6.8) 3,049 (13.4)
Stage T =T3 (%) 19,871 (61.8) 329 (50.1) 31 (75.6) 18 (78.3) 2,162 (72.6) 17,331 (61.0) <0.001
N positive
No 29,698 (92.4) 446 (67.9) 40 (97.6) 23 (100) 2,884 (96.8) 26,305 (92.5) <0.001
Yes 1,731 (5.4) 163 (24.8) 1(24) 0 (0) 38 (1.3) 1,529 (5.4)
Unknown 706 (2.2) 48 (7.3) 0 (00 0 (0) 58 (1.9) 600 (2.1)
Radiotherapy (Beam radiation)
No 31,787 (98.9) 632 (96.2) 40 (97.6) 23 (100) 2,979 (100.0) 28,113 (98.9) <0.001
Yes 323 (1.0) 22 (3.3) 0 (0) 0 (0) 1 (0.0) 300 (1.1)
Other types 25 (0.1) 3(0.5) 1(24) 0 (0) 0 (0.0) 21 (0.1)
Chemotherapy = Yes (%) 1,587 (4.9) 149 (22.7) 2 (4.9) 0 (0) 62 (2.1) 1,374 (4.8) <0.001
Specific death (%)
No 19,843 (61.7) 135 (20.5) 19 (46.3) 16 (69.6) 2,317 (77.8) 17,356 (61.0) <0.001
Yes 7,354 (22.9) 350 (53.3) 10 (24.4) 4 (17.1) 281 (9.4) 6,709 (23.6)
Other death 4,938 (15.4) 172 (26.2) 12 (29.3) 3 (13.0) 382 (12.8) 4,369 (15.4)
Tumor size [median (IQR)] | 80.0 [60.0, 100.0] | 84.0 [73.0, 100.0] | 40.0 [31.0, 82.0] | 41.0 [28.5, 67.0] | 47.0 [30.0,80.0] | 81.0 [65.0,102.0] | <0.001

NN, no nephrectomy; DA, local tumor destruction with ablation; EA, local tumor excision with ablation; PN, partial nephrectomy; RN, radical nephrectomy; RCC, renal cell

carcinoma.

Patients with stage T2 and T3 accounted for 38.16% and 61.84% of
the total population, respectively, and the male-female ratio was
approximately 2:1. The most common pathological types were
clear cell adenocarcinoma and papillary adenocarcinoma,
accounting for 61.14% and 10.02%, respectively. In addition,
16.49% of the cases were identified as renal cell carcinoma, but
the type was unknown. The remaining 12.35% of patients
developed primarily rare renal cell carcinoma. Very few cases of
KC have been observed, but they are all non-renal cell
carcinomas. There were 12,292 deaths and 7,354 CSDs,
accounting for 38.25% and 22.88% of the total population,
respectively. Additionally, 88.48% of patients opted for RN,
whereas only 9.27% opted for PN and 2.04% did not opt for
surgery. The proportion of the population that underwent local
tumor ablation (local tumor destruction or excision with
ablation) was only 0.20%.

RN has been the predominant treatment modality for patients
with stage T2-3 KC. However, it displayed a decreasing trend and
then gradually reached stability. While PN has presented an

opposite trend, it initially increased and then stabilized, with
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2012 as the turning point. By 2018, PN accounted for
approximately 11.6% of all cases, with an AAPC of 7.0 (95% CI:
4.8-9.3, P<0.05) (Table 2, Figure 2B). These trends indicate an
increasing emphasis on using PN as a surgical method for
patients with stage T2-3 KC.

3.2 Levels and trends in CSRD and
demographic characteristics of patients

Our findings displayed that patients not undergoing surgery
exhibited the highest CSRD levels (0.89-3.09). Patients with PN
had the lowest levels (0.17-0.36), whereas those with RN were in
between (0.50-0.67). The CSRD was significantly increased in
patients not undergoing surgery, with an AAPC of 9.1 (95% CI:
7.1-11.1, P<0.001), which reflects a progressively severe trend
over the years (Table 2, Figure 3). By contrast, patients with PN
and RN experienced decreasing AAPCs of —1.9 (95% CIL: —5.2 to
1.5, P=0.236) and —-0.8 (95% CL: —1.4 to —0.1, P<0.001),
respectively, indicating an overall trend of gradual improvement.
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Patients identified from the case list in “Incidence-
SEER Research Plus Data, 18 Registries, Nov 2020 Sub (2000-2018)”
based on “site and morphology CS Schema AJCC 6th Edition” = “Kidney.”
(N=240598)
Histologically not confirmed(N=37769)
Did not local or regional KC(N=55155)
Surgical approach did not required five categories(N=31136)
Duplicated Patients(N=54)
T stage was not T2-3(N=84349)
A
Patients complianted with
inclusion criteria
(N=32135)
Ddiyided l.)y EhEin Patients underwent
IASROSIY AN local tumor destruction
with ablation
Proportion and trends (N=41)
in the population of
surgical procedures Patients underwent
local tumor excision with
ablation
(N=23)
v ‘ v
ot unl:i”etr‘;it;;‘s:rgery Patients with PN Patients with RN
=2980 =28434
(N=657) (N=2980) ™ )
A
Levels and trends S_?r:t:_ﬁetd z.lnail‘i)" SI: (:lf Survival rates at
in CSRD s 1aciorsiaTIcene various time points
on CSRDs
FIGURE 1

Flowchart on the patient selection from the SEER database. SEER, the surveillance, epidemiology, and end results dataset; KC, kidney cancer; PN,
partial nephrectomy; RN, radical nephrectomy; CSRD, cancer-specific risk of death.

TABLE 2 Changing trends in surgical procedures and CSRD across different surgical methods from 2004 to 2018.

Surgery methods Year of diagnosis APC [95% Cl] AAPC [95% Cl] t P

Surgical selection NN 2004-2018 3.14 [1.39, 4.93]* 3.1 [14, 49]* 3.97 0.00
PN 2004-2012 13.17 [10.26, 16.17]* 7.0 [48, 9.3]* 10.94 0.00

2012-2018 —0.70 [~5.09, 3.89] —0.36 0.73

RN 2004-2013 ~1.10 [~1.40, —0.79]* —0.7 [-1.0, —0.4]* -831 0.00

2013-2018 0.05 [~0.75, 0.86] 0.14 0.89

CSRD NN 2004-2018 9.10 [7.09, 11.14]* 9.1 [7.1, 1L.1]* 1033 0.00
PN 2004-2018 -1.92 [-5.20, 1.48] -1.9 [-5.2, 1.5] -1.25 0.24

RN 2004-2014 2.03 [1.47, 2.59]* -0.8 [~14, =0.1]* 8.46 0.00

2014-2018 -7.42 [-9.57, —=5.22]* -7.57 0.00

NN, no nephrectomy; PN, partial nephrectomy; RN, radical nephrectomy; APC, annual percentage change; AAPC, average annual percentage change.

*P<0.05.
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analysis. *P < 0.05.

Multiple Joinpoint Models

RN

PN

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2018 Overall

Year of Diagnosis

Proportion and trends in the population undergoing different surgical methods. (A) Proportion in the population undergoing different surgical
methods and their variation trends over time. (B) Trends of the proportion undergoing different surgical methods using joinpoint regression

200 Multiple Joinpoint Models
: ®  None - 0 Joinpoints
= 20040-20180 APC =9.05"
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= 20040-20180 APC =-192
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0.00
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Year of Diagnosis
FIGURE 3
Levels and trends in cancer-specific risk of death (CSRD) undergoing different surgical methods using joinpoint regression analysis. *P < 0.05.

The CSRD among patients with RN indicated the initial increase
and the subsequent decline. The APC was 2.0 (95% CI: 1.5-2.6,
P <0.001) before 2014 and then shifted to —7.4 (95% CI: —9.6 to
—5.2, P<0.001).

The demographic characteristics of patients in the three
surgical groups were further examined to explore the potential
relationship between surgical methods and CSRD levels.
Significant differences were observed among all factors (Table 1).
Moreover, 68.5% of the patients not undergoing surgery were
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>65 years old. By contrast, a higher proportion of patients
undergoing surgery were <65 years old. Younger individuals have
a higher probability of undergoing surgery. Regarding histological
grade, the percentages of patients with undetermined grades were
60.1%, 24.6%, and 19.9%, while the values for grade III-IV were
42.4%, 442%, and 53.13%, among patients not undergoing
surgery, PN, and RN, respectively.

As the surgical complexity increased, patients tended to be
diagnosed with more severe grades. In addition, a higher
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TABLE 3 Effect of risk factors on trends in CSRD by stratification analysis.

Logistic regression

10.3389/fsurg.2024.1370702

Joinpoint regression

exp (coef) [95% Cl] P 3\
AAPC

Age 1.53 [1.45, 1.62]* <0.05

<65 —0.9 [-7.0, 5.6] 0.80 0.1 [-0.6, 0.9] 0.70

>65 0.7 [=5.1, 3.9] 0.70 1.5 [0.1, 3.0* <0.05
Marital status 0.92 [0.86, 0.98]* <0.05

Single -0.6 [-7.9, 7.4] 0.90 1.7 [0.3, 3.2]* <0.05

Married -19.6 [-25.6, —13.1]* <0.05 1.4 [0.6, 2.1]* <0.05
Stage T 1.25 [0.96, 1.63] 0.10

T2 -0.7 [-13.3, 13.6] 0.90 0.2 [-1.3, 1.7] 0.80

T3 -2.5 [-6.5, 1.5] 0.20 0.8 [-0.0, 1.7] 0.10
N positive 4.10 [3.62, 4.65]* <0.05

No 0.1 [-3.2, 3.5] 0.90 0.4 [-0.4, 1.1] 0.30

Yes -0.0 [-0.7, 0.7] 0.90
Beam radiation 4.18 [3.25, 5.40]* <0.05

No -0.9 [-4.1, 24] 0.60 0.7 [-0.0, 1.4] 0.10

Yes 1.0 [-04, 2.3] 0.10
Chemotherapy 2.51 [2.23, 2.82]* <0.05

No -0.7 [-4.2, 3.0] 0.70 0.6 [-0.1, 1.3] 0.10

Yes 0.1 [-0.8, 1.0] 0.80

PN, partial nephrectomy; RN, radical nephrectomy; AAPC, average annual percentage change.

*P<0.05.

proportion of patients with stage T3 cancer underwent PN.
However, the percentage of N stage-positive patients was the
lowest (only 1.3%). Patients not undergoing surgery and RN
tended to have larger tumors, with median values of 84.0 and
81.0 mm, respectively; these values were significantly larger than
those for PN (47.0 mm). In this study, the use frequency of
radiotherapy and chemotherapy was not notably high. However,
it was prevalent among patients not undergoing surgery or RN.
In patients who underwent RN, individuals who received
radiotherapy and chemotherapy had a higher CSRD than those
who did not receive these therapies.

3.3 Stratification analysis of risk factors on
CSRD levels and trends

Logistic regression analysis was first performed to identify the
potential risk factors for CSD. Notably, factors such as older age,
tumor grade, T and N staging, use of radiotherapy and
chemotherapy, and marital status were associated with the risk of
CSD among patients. Additionally, using joinpoint regression
analysis, the effect of the risk factors on CSRD levels and trends
was assessed by different risk factors (Table 3, Figure 4). Across
different risk factors and surgical methods, the trends in CSRD
generally followed a similar pattern. Patients with RN typically
had higher CSRD than those with PN, with no significant
differences compared with the overall trends.

Univariate stratification analysis revealed that the CSRD level
was higher in younger patients (<65 years old) across the

Frontiers in Surgery

different surgical groups (Figure 4A). Furthermore, patients with
RN had a higher CSRD than those who were single (Figure 4B).
When stratified by T staging (Figure 4C), the CSRD level of the
RN group was higher than that of the PN group. However,
CSRD patterns varied across different staging conditions.
Notably, among patients who underwent RN, CSRD was
significantly higher for stage T3 cases than for stage T2 cases
every year, exhibiting an upward trend. Among patients who
underwent PN, the CSRD level of patients with stage T2 was
higher than that of those with stage T3 in multiple years. The
rate of stage T2 exhibited an increasing trend, whereas that of
stage T3 exhibited a decreasing trend. When stratified by N
staging (Figure 4D), the result was similar to the whole
condition. In patients who underwent RN, the CSRD level was
consistently higher in patients who underwent radiotherapy or
chemotherapy than in those who did not undergo these therapies
(Figures 4E,F). Furthermore, this trend exhibited an upward
trend. However, among patients undergoing with PN, this result
was not shown due to the relatively small proportion of patients
receiving radiotherapy or chemotherapy.

3.4 Effect of different surgical methods on
overall survival rates and trends

A substantial correlation between cancer survival rates and
CSD outcomes was observed, offering a significant advantage in
evaluating treatment benefits. This study preliminarily indicated
that the survival rates of patients with stage T2-3 KC were
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significantly high (Table 4, Figure 5). As indicated in Table 4, the 5-
year survival rates of individuals not undergoing surgery, RN, and
PN were more than 14%, 66%, and 76%, respectively. At different
follow-up points, the survival rates and their trends for patients
opting for different surgical methods remained largely consistent.
In terms of survival rates, patients with PN exhibited the highest
rates, followed by those with RN. By contrast, patients not
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undergoing surgery had the lowest survival rates. This finding
underscores the potential beneficial effect of both surgical
methods on survival. Regardless of the specific follow-up point,
all three surgical methods displayed an upward trend in survival
rates. Furthermore, the survival rates of patients with KC,
whether treated or not, have displayed improvement over the
years, aligning with the trends observed in CSRD.
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TABLE 4 Effect of different surgical methods on overall survival rate and trends.

(O Surgery | 2004 | 2005 | 2006 & 2007 | 2008 | 2009 @ 2010 2011 | 2012 | 2013 2014 @ 2015 | 2018
3-months | NN 0.727 0.636 0.619 0711 0.600 0.837 0.737 0.780 0.673 0.718 0.772 0.761 0.816
PN 0.989 0.992 0.962 0.978 0.994 0.985 0.996 0.987 0.989 0.984 0.994 0.994 0.997
RN 0.961 0.966 0.969 0.979 0.974 0.970 0971 0.972 0.976 0.980 0.978 0.973 0.980
1-year NN 0515 0368 | 03871 | 0.556 0.420 0.512 0.605 0.512 0.466 0.605 0.443 0.478
PN 0.946 0.943 0.947 0.970 0.952 0.961 0971 0.965 0.954 0.958 0.974 0.979
RN 0.893 0.903 0.909 0.922 0916 0.906 0.927 0912 0.919 0.93 0.935 0.928
3-year NN 0.364 0.167 0.181 0311 0.200 0.302 0.289 0.244 0.339 0371 0.296 0.283
PN 0.826 0.862 0.886 0911 0.879 0.882 0.884 0.900 0.899 0.884 0.906 0.933
RN 0.759 0.777 0.784 0.791 0.797 0.787 0.803 0.770 0.800 0.809 0.809 0.819
5-year NN 0.303 0050 | 00774 | 0.178 0.140 0.140 0.184 0.195 0.190 0.270
PN 0.761 0.821 0.786 0.837 0.806 0.818 0.834 0.824 0.846 0.822
RN 0.662 0.693 0.679 0.684 0.695 0.708 0.716 0.688 0.701 0.718

NN, no nephrectomy; PN, partial nephrectomy; RN, radical nephrectomy.
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year 3. (D) At year 5. *P<0.05.

4 Discussion While a positive trend exists for opting for PN, both of them

benefited from surgery. Notably, PN exhibited improved survival

At present, standardized guidelines and supporting evidence for ~ outcomes and displayed a promising trend for patients in this
determining the surgical modality for patients with larger tumors of  stage, necessitating further investigation and validation.

KC are lacking. Utilizing the SEER database, we observed that RN RN has been the cornerstone of KC treatment since its

remains the first surgical choice for patients with stage T2-3 KC.  introduction in 1969 (18). In the past two decades, researchers
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have increasingly recognized the benefits of PN over RN for
preserving renal function due to the advances in surgical
techniques. PN not only maintains comparable cancer-related
survival outcomes but may also reduce the risk of mortality from
other causes (19). This perspective is bolstered by numerous
retrospective studies utilizing data from the SEER database or the
National Cancer Database, which affirm the benefits of PN
equivalent even over RN for a range of cancer stages (20-26).
Furthermore, in addition to garnering substantial popularity, the use
of PN has broadened to other indications and is not just limited to
solitary kidney, bilateral tumors or to patients at high risk of renal
dysfunction (27). Current treatment guidelines recommend PN as
the preferred method for patients with stage Tla renal cancer (28).
Moreover, for patients with any tumor size, PN should be considered
the primary treatment option if technically feasible. However, a
phase III prospective randomized controlled trial introduced
skepticism regarding the efficacy of PN (29, 30). The analysis of the
intention-to-treat population showed that RN offers a slightly better
overall survival (OS) than PN for T1-2 stage renal masses. A meta-
analysis indicated that this trial was currently the only randomized
controlled trial in this field (31). The results of the trial could
diminish the popularity of PN, particularly for patients with
intractable and large tumors. Nonetheless, some have pointed out
that the study mentioned above had certain limitations and the
quality of evidence was limited, thereby arguing that the value of PN
still merits recognition (32).

PN is recommended predominantly for patients with small
renal tumors or those requiring preservation of renal function.
The applicability and benefits of PN for large tumors, however,
remain debatable (19). Recent meta-analyses indicate that for
patients with KC classified as having c¢T2 stage tumors and above
(>7 cm), PN offers better
outcomes and OS rates relative to RN (8, 33). Nevertheless, PN

comparable or cancer-specific
is associated with an increased risk of complications and adverse
side effects, as evidenced by several single-center retrospective
analyses (34-36). Although one study had been challenged for
population heterogeneity, subsequent adjustments and re-
evaluations have reinforced the validity of these findings (37, 38).
By contrast, Jeldres and Peycelon have raised concerns for
tumors classified as T2 stage and beyond, showing a 5.3-fold
increase in the CSM risk associated with PN compared to RN
(39, 40). These findings underscored the potential shortcomings
of PN and raised ethical questions, with some interpretations
suggesting a conflict with the Declaration of Helsinki’s principles
(41). Subsequent investigations highlighted that the success and
efficacy of PN significantly depend on the surgeon’s technical
expertise rather than purely on tumor grade or stage (42). This
highlights a complex dilemma: the choice of PN is related not
entirely to the tumor size. In terms of subgroup analysis or
survival rate, the results showed a relatively consistent change in
trends. The
fundamentally consistent with previous research, indicating that
the surgical choice between PN and RN for T2-3 stage KC
indeed requires further prospective exploration (9).

levels and conclusions of this study are

An analysis of the SEER database elucidates the dynamic trends
in the utilization of PN vs. RN for KC, demonstrating positive
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trends but lower levels (20, 21, 24, 25, 43, 44). The results of
studies from different institutions and periods vary, but the
trends are consistent, with rates ranging from 9.27% to 29%
(35, 45, 46). In a study spanning 2000-2018, the application rates
of PN demonstrated an average annual percent change of 7.0%,
focusing on KC stages T2-3 (46). Although the proportion of PN
in this study is lower than what was reported in previous
analyses, it aligns with other findings for similar stages.
Nonetheless, this trend corroborates with data from the United
States between 2005 and 2007, collectively illustrating a positive
trajectory in the acceptance and investigation of PN as a viable
surgical option for KC stages T2-3 (47).

The selection of surgical intervention for renal cell carcinoma is
determined by a multitude of factors. Thus, the acceptance and
subsequent application of this recommendation have been
This the multifaceted
influences affecting surgical choices. Several studies based on

progressive  (48). trend underscores
different databases revealed that the advent of robotic and
laparoscopic surgeries has significantly enhanced the application
of PN (49-54). These minimally invasive approaches have been
pivotal in refining the procedure’s efficacy and patient outcomes.
Despite this, exploring the target population and expanding its
use are necessary. Analysis of data from the American National
Cancer Database (55) highlights that the preference for PN
diminishes as tumor size escalates. Notably, there exists a 6.1%
likelihood of encountering positive surgical margins during PN,
correlating with a 31% increase in the risk of all-cause mortality.
This concern is particularly pronounced for pT3a tumors,
necessitating more rigorous postoperative surveillance for patients
undergoing PN with positive margins. Emerging research
indicates that the heightened risk of positive surgical margins in
PN is less of a consequence of advanced clinical tumor stages
and more a result of the burgeoning dependence on minimally
invasive surgical methods (44). Despite these insights, a detailed
stratified analysis of the surgical techniques in PN remains
elusive due to challenges with data access.

In examining factors associated with surgical treatment
outcomes, this study utilized logistic regression analysis to
identify age and companionship as protective factors against
CSRD. These findings align with prior research, which has
documented a propensity for younger individuals to prefer PN as
a treatment option (21). This investigation reveals that node (N)
staging exerts a more pronounced influence on the prognosis of
KC than tumor (T) staging. In contrast to these findings, an
additional analysis focusing on the determinants of short-term
mortality post-surgery identified that both T and N staging
significantly impact mortality rates within the initial 30 days of
the procedure (56). These disparate conclusions highlight a
critical gap in the current understanding and warrant further
research to corroborate these observations. The overall trend in
CSRD associated with RN in this study indicates a decline.
However, an initial increase followed by a subsequent decrease
was observed, suggesting that this pattern might be linked to the
early extensive application of RN and more severe conditions of
patients undergoing this procedure. By contrast, the application
of PN has seen an increase, along with a gradual decrease in
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CSRD rates over time, thereby reinforcing the efficacy of PN in
managing KC. The individuals who received radiotherapy and
chemotherapy had worse survival, which may indicate that they
have a very severe condition that requires radiotherapy and
chemotherapy. The for
in KC
considerations, including patient demographics, disease specifics,

decision-making  process surgical

intervention encompasses a broad spectrum of
technological advancements, and economic factors. Considering
the inherent selection biases, it becomes imperative to adopt a
comprehensive approach in evaluating these surgery types.
Consequently, there is a pressing need for prospective studies
that can accurately assess the comparative benefits and risks of
PN and RN.

In the present study, a retrospective population-based research
method was used to identify the relationship and evolving patterns
between surgical method choices and prognosis. Undeniably, this
approach has both advantages and limitations. One prominent
strength of this study is its reliance on substantial real-world data
from a large sample population. It facilitates the analysis and
illustration of the broader picture and changing patterns
regarding the choice of surgical methods and their effect on
mortality outcomes in patients with stage T2-3 KC, aligning well
with real-world scenarios. However, acknowledging the several
limitations of this study is vital. Firstly, the retrospective nature
of the study introduces potential bias among different groups.
For the surgical choice may be determined by the severe of their
condition and other factors as introduced above, which also
the

encompasses a broad timeframe, leading to differences in the

determined their survival outcomes. Secondly, study
resolution and recording standards of disease information.
Thirdly, the multifaceted nature of the disease introduces
complexity to the analysis. Lastly, the absence of specific
information on treatment and short-term outcomes as well as a
predominant reliance on statistical descriptions in the research
methods result in a dearth of confirmatory comparisons, thereby
constraining the reliability of the results. The main purpose of
this study was to describe the clinical situation and then
elucidate its possible effects, rather than efficacy evaluation.
Therefore, population bias has a little impact on this study,
which may not conflict with the main purpose.

In conclusion, treating stage T2-3 KC with PN is garnering
increasing attention, presenting significant clinical relevance.
While tumor size plays a critical role in guiding the choice of
kidney-preserving surgical approaches, it should be considered a
contributing factor rather than an absolute determinant.
Emphasizing and validating the role of PN in stage T2-3 KC is
vital in the future. This study provides valuable insights for
precisely selecting surgical approaches and future research

designs in this patient population.
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