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Abstract
Background

We explored the preoperative and postoperative factors associated with recurrence-free survival (RFS)
after robot-assisted partial nephrectomy (RAPN) during long-term follow-up.

Methods

We retrospectively evaluated patients who underwent RAPN for clinical T1 renal cell carcinoma (RCC)
between 2013 and 2020. Sequential multivariate Cox models were constructed. Model 1 included
preoperative factors alone, and Model 2 included postoperative pathological features. As a post-hoc
exploratory analysis, RFS was evaluated based on the cumulative number of factors associated with
RFS.

Results

Of the 1,008 patients analyzed, 67 developed recurrence during a median follow-up of 82.2 months. In
Model 1, male sex (hazard ratio [HR] 2.57, 95% confidence interval [CI] 1.27-5.22) and tumor size > 40
mm (HR 4.67,95% Cl 2.85-7.66) were associated with shorter RFS. In Model 2, the association between
male sex and RFS was attenuated (HR 1.89, 95% CI 0.92-3.86), while tumor size > 40 mm (HR 2.67, 95%
Cl 1.56-4.56) and lymphovascular invasion (HR 4.94, 95% CI 2.87-8.52) were associated with shorter
RFS. Post hoc analysis showed 5-year RFS rates of 98.3%, 93.4%, and 76.1% for patients with zero, one,
and two factors, respectively. In the clear cell RCC subgroup, higher Fuhrman grade was also associated
with shorter RFS (HR 2.44,95% Cl 1.42-4.19).

Conclusions

Sequential modeling suggested that the association between male sex and RFS could be explained by
postoperative pathological features. Stratification based on the cumulative number of associated factors
showed stepwise differences in the 5-year RFS. These findings may inform individualized surveillance
after RAPN.

1. Introduction

Partial nephrectomy (PN) is the standard treatment for localized renal cell carcinoma (RCC) and provides
excellent oncological control while preserving renal function. Robot-assisted partial nephrectomy
(RAPN) has become the preferred surgical approach for small renal masses owing to its favorable
perioperative and functional outcomes compared to open or laparoscopic techniques. [1-4]
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Although the oncological outcomes of PN are generally favorable, [5] disease recurrence remains a
critical clinical concern. Previous studies have identified several prognostic factors associated with
recurrence after nephron-sparing surgery, including tumor size, pathological upstaging, tumor grade,
positive surgical margins, and lymphovascular invasion (LVI). [6, 7] However, many contemporary RAPN
series are limited by relatively small sample sizes, low event rates, and insufficient follow-up periods.
Consequently, the long-term recurrence dynamics and sustained prognostic relevance of these factors in
contemporary RAPN cohorts remain unclear.

The identification of recurrence risk is essential both at the preoperative counseling stage and upon final
pathological evaluation, as it enables risk-adapted surveillance strategies. Therefore, using data from
over 1,000 patients at a single high-volume center, we aimed to investigate the long-term oncological
outcomes after RAPN with extended follow-up. Moreover, we sequentially evaluated the association
between preoperative clinical parameters, postoperative pathological findings, and long-term recurrence-
free survival (RFS).

2. Methods
2.1. Patient population

We retrospectively evaluated all the patients with T1a or T1b RCC who underwent RAPN at our institution
between January 2013 and December 2020. Patients with incomplete clinical data, those who were lost
to follow-up within 12 months after surgery, and those with hereditary RCC syndromes or translocation-
associated RCC were excluded.

2.2. Data collection

Preoperative variables recorded included sex, age, body mass index (BMI), Eastern Cooperative
Oncology Group Performance Status (ECOG PS) score, and serum C-reactive protein (CRP) levels. The
operative and postoperative pathological variables included tumor size, surgical approach,
histopathology, Fuhrman grade, tumor focality, pathological T stage, surgical margin status, and LVI. RCC
staging was performed according to the Union for International Cancer Control (UICC) TNM
classification, 8th edition, [8] and anatomical tumor complexity was assessed using the R.E.N.A.L.
(Radius, Exophytic/endophytic, Nearness of the collecting system, Anterior/posterior, and Location
relative to the polar line) nephrometry score. [9]

Postoperatively, all patients underwent surveillance every 3—6 months, including routine blood tests and
computed tomography (CT) of the chest and abdominal computed tomography.
2.3. Ethical approval

The Internal Ethics Review Board of Tokyo Women’s Medical University approved this study (ID: 382F),
which was conducted in accordance with the guidelines of the Declaration of Helsinki. Owing to the
retrospective observational nature of this study, the requirement for informed consent was waived.
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2.4. Surgery

All RAPN procedures were performed by experienced board-certified urologists using the da Vinci
Surgical System (Intuitive Surgical, Sunnyvale, CA, USA) at a single high-volume center. The choice of
surgical approach (transperitoneal or retroperitoneal) was determined based on tumor location and size.
Renal artery clamping under warm ischemia was performed in all the cases. [10]

2.5. Construction of Multivariable Models

To assess the association of preoperative clinical variables and postoperative pathological findings with
RFS, we constructed two sequential multivariate Cox proportional hazard models according to the timing
at which clinical information became available. Candidate variables were selected a priori based on
clinical relevance and previous urological literature, [11-15] rather than stepwise variable selection from
univariate analyses. Model 1 included clinical variables available preoperatively, including age, sex,
serum CRP level, and tumor size. Model 2 included the following postoperative pathological variables:
histological subtype, Fuhrman grade, pathological upstaging to pT3a, surgical margin status, and LVI.
Notably, because the application of the Fuhrman grading system lacks robust validation in non-clear cell
RCC variants, particularly chromophobe RCC, the Fuhrman grade was intentionally excluded from the
primary multivariate analysis of the overall cohort to ensure pathological stringency. [16] Instead, to
rigorously evaluate its prognostic value when clinically established, a predefined subgroup analysis was
conducted exclusively within the clear cell RCC (ccRCC) cohort, incorporating Fuhrman grades into the
fully adjusted Model 2.

2.6. Statistical analysis

Baseline characteristics were presented as medians (interquartile ranges [IQRs]) for continuous
variables and numbers (%) for categorical variables.

RFS was defined as the interval between the date of surgery and the documented radiological or
pathological cancer recurrence. Patients who survived without recurrence were censored on the date of
last follow-up. Survival curves were estimated using the Kaplan-Meier method and compared using the
log-rank test. Cox proportional hazards regression models were used to estimate the hazard ratios (HRs)
and 95% confidence intervals (Cls) for factors associated with RFS. As a post hoc exploratory analysis,
patients were grouped according to the number of factors associated with a shorter RFS in Model 2.
Kaplan—Meier curves and 5-year RFS estimates were used to describe the cumulative recurrence risk
across these groups. This grouping was intended to provide a descriptive illustration of the risk
gradients.

All statistical analyses were performed using JMP, version 19 (SAS Institute Inc., Cary, NC, USA).
Statistical significance was set at p < 0.05. significant.
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3. Results

3.1. Patient and tumor characteristics

The baseline demographic and clinicopathological characteristics of the study population are
summarized in Table 1. In total, 1,008 patients who underwent RAPN were included in the final analysis
(Figure 1). The median follow-up duration was 82.2 months (IQR, 61.3—-99.7 months). The median age
and BMI of the cohort were 59 years (IQR, 49-68 years) and 24 kg/m? (IQR: 22-27 kg/m?), respectively.
The median primary tumor size was 30 mm (IQR: 21-41 mm). Preoperatively, 769 tumors (76.3%) were
classified as cT1a and 239 (23.7%) were classified as cT1b. Pathological evaluation revealed upstaging
to pT3ain 20 patients (2.0%), whereas pT1a and pT1b disease was confirmed in 813 (80.7%) and 175
(17.4%) patients, respectively. The predominant histological finding was ccRCC, which was observed in
810 patients (80.4%). In the ccRCC cohort, the pathological Fuhrman grades were grade 1 in 145
patients (17.9 %), grade 2 in 486 patients (60.0 %), grade 3 in 165 patients (20.4 %), and grade 4 in 14
patients (1.7 %). LVI was identified in 218 tumors (21.6%) and a positive surgical margin was reported in
15 patients (1.5%).

3.2. Recurrence patterns

During follow-up, seven patients died of non-cancer-related causes without evidence of recurrence, while
cancer recurrence was documented in 67 patients (6.7%). The overall 3-year and 5-year RFS rates for the
entire cohort were 96.4% and 94.5%, respectively, with a median time to recurrence of 35 months (IQR,
19-59 months). The anatomical distributions of the sites of first recurrence are shown in Table 2. The
most frequent sites of initial recurrence were the operated kidney (local recurrence) and lungs, which
occurred in 14 patients (20.1%). These were followed by lymph node and bone metastases, each
occurring in nine patients (13.4%). Synchronous multiple-organ recurrence was observed in nine patients
(13.4%). Adrenal gland and skin metastases were less common, occurring in four (6.0%) and three
patients (4.5%), respectively.

3.3. Sequential multivariable analysis of recurrence-free survival

The results of the sequential multivariate Cox proportional hazards regression analysis are presented in
Table 3. In Model 1, which evaluated only preoperative clinical parameters, male sex (HR 2.57,95% Cl
1.27-5.22) and tumor size = 40 mm (HR 4.67, 95% Cl 2.85-7.66) were associated with worse RFS.

In Model 2, which integrated postoperative pathological findings, tumor size = 40 mm remained
associated with shorter RFS (HR 2.67,95% Cl 1.56—4.56). Notably, the association between the male sex
and RFS was attenuated after adjusting for pathological features (HR 1.89, 95% Cl 0.92-3.86). LVI was
also associated with a shorter RFS in Model 2 (HR 4.94; 95% Cl, 2.87-8.52). Conversely, histological
subtype (HR 0.59, 95% Cl, 0.27-1.29), pathological upstaging to pT3a (HR 2.26, 95% Cl, 0.85-6.02), and
surgical margin status (HR 1.79, 95% Cl, 0.39-8.19) were not associated with postoperative RFS.

3.4. Risk stratification as a post hoc analysis
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In the post hoc analysis, patients were stratified into three risk tiers (range 0—2) based on the number of
associated factors present, namely tumor size 240 mm and LVI. This risk-stratification framework
demonstrated clear differences in RFS across the three groups in the entire cohort (log-rank p < 0.0001)
(Figure 2). The 5-year RFS rate decreased sequentially according to the coexistence of these adverse
features: 98.3% for patients with zero factors (n = 630), 93.4% for those with one factor (n = 264), and
76.1% for those with two factors (n = 114). Notably, the presence of both these factors delineates a
distinctly high-risk population with a markedly inferior RFS timeline.

3.5. Subgroup analysis in the clear cell RCC cohort

Targeted multivariate Cox regression analysis was performed within the ccRCC subgroup (n = 810) to
elucidate the prognostic relevance of the Fuhrman grading system. In the adjusted model, after
controlling for all preoperative and postoperative clinicopathological parameters, tumor size = 40 mm
(HR 2.32,95% CI 1.32-4.09), LVI (HR 4.65, 95% CI 2.54-8.49), and a high Fuhrman grade (Grade 3-4)
(HR 2.44,95% CI 1.42-4.19) were associated with worse RFS (Table 4).

Building on the factors identified in the ccRCC subgroup, we evaluated the combined association of
these factors in this population. Patients were stratified into four distinct risk categories (range, 0-3)
based on the total number of these three factors. This cumulative risk stratification demonstrated clear
differences in RFS outcomes (log-rank p < 0.0001) (Figure 3). The 5-year RFS rates sequentially and
substantially declined with the coexistence of these factors: 98.2% for patients with zero factors (n =
436), 95.4% for those with one factor (n = 210), 87.0% for those with two factors (n = 115), and 66.9% for
those with three factors (n = 49).

4. Discussion

In this study of > 1,000 patients with long-term follow-up, we showed that RAPN provides durable
oncological outcomes while identifying distinct prognostic factors through a sequential multivariable
approach. This retrospective analysis of a large contemporary cohort treated at a single high-volume
center revealed that 67 (6.7%) of the 1,008 patients developed recurrence. The 5-year RFS rate after
RAPN has been reported to range from 92.8% to 94.8% in a landmark large-scale series. [17, 18] The 5-
year RFS rate of 94.5% in our cohort is comparable to these results. Our analysis identified larger tumor
size and LVI as the primary prognostic factors for worse long-term RFS.

Through a hierarchical sequential adjustment approach, this study clarified the evolving prognostic
contributions of factors from the preoperative to the postoperative pathological phases. In Model 1
(preoperative clinical factors), male sex and larger tumor size were significantly associated with an
increased risk of recurrence. However, upon additional adjustment for postoperative pathological
features in Model 2, the association between male sex and RFS was attenuated, suggesting that the
observed association might be mediated by an underlying aggressive tumor biology that is more
prevalent in male patients. Our findings that tumor size and LVI are associated with long-term RFS are
consistent with those of a prior surgical series, indicating that intrinsic pathological features dictate
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oncological outcomes after nephron-sparing surgery. [19-23] Specifically, the presence of LVI
demonstrated an overwhelmingly high HR, underscoring its pivotal role in microscopic vascular spread
and early systemic dissemination, which cannot be captured by anatomical TNM staging alone.
Furthermore, a larger tumor volume increases the probability of subclinical micrometastasis.

An important clinical insight derived from our cohort was the chronological distribution of recurrence
events; approximately half of all recurrences (32/67, 47.8%) occurred beyond 3 years after surgery. While
many traditional surveillance protocols focus intensively on the first 24-36 months postoperatively, our
long-term follow-up data (median 82.2 months) clearly indicate that a 3-year recurrence-free interval
does not guarantee a definitive cure, particularly for patients with adverse tumor biology. In our fully
adjusted model, LVI exhibited the highest HR for recurrence (HR, 4.94). The presence of LVI may signify a
high propensity for dormant circulating tumor cells or subclinical micrometastases, which can manifest
as clinical recurrence after an extended latent period. Similarly, a larger tumor size contributes to a
sustained and continuous risk of relapse over time. Collectively, these observations suggest that
patients with these pathological prognostic factors require extended and individualized surveillance
strategies well beyond the conventional 3-year window.

A relevant methodological consideration in our study was the histology-specific evaluation of tumor
grade. Although pathological nuclear grading is a well-established prognostic factor for RCC, its
universal application across histologically heterogeneous RCC cohorts may be difficult to interpret,
particularly because the Fuhrman grading system lacks robust biological validation in various non-clear-
cell RCC lineages. To reduce this clinicopathological heterogeneity, we intentionally excluded Fuhrman
grade from the primary whole-cohort multivariate analysis and instead conducted an additional
evaluation within the biologically uniform ccRCC subgroup (n = 810). In this selective population, a high
Fuhrman grade (grades 3-4) emerged as an important factor associated with recurrence (HR, 2.44). This
finding aligns with previous landmark studies demonstrating that nuclear grading remains a highly
reliable surrogate for intrinsic tumor aggressiveness when restricted to the ccRCC phenotype. [22, 23]

Current risk stratification models and clinical guidelines from the AUA, EAU, and NCCN primarily rely on
the pathological T stage, tumor grade, and surgical margin status to determine the intensity of
postoperative imaging. [24-26] While these established criteria are important for predicting early
oncological events, our study suggests that tumor size and LVI may provide relevant information for
long-term oncological surveillance after RAPN. By evaluating the cumulative presence of these two
prognostic factors (tumor size =40 mm and LVI positivity), clinicians may effectively stratify long-term
RFS into distinct risk tiers, as shown in Figure 2. This stratification framework may help to identify low-
risk patients harboring zero or one factor who may safely undergo de-escalated surveillance, while
identifying high-risk patients harboring both factors who require vigilant long-term radiographic
monitoring. Furthermore, in the ccRCC population, the integration of Fuhrman grade with these two
factors provided further separation of RFS curves (Figure 3), identifying an ultra-high-risk subset
harboring all three factors with a 5-year RFS of only 66.9%.
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This study had some limitations that warrant consideration. First, its retrospective, single-center design
may have introduced a selection bias, which may limit the generalizability of our findings. However, the
use of a large consecutive cohort of over 1,000 patients managed at a high-volume center using a
standardized robotic approach may reduce the heterogeneity in surgical management and follow-up
practices. Second, although our sequential multivariate approach provided structured insights into the
associations between pre-and postoperative factors and RFS, the median follow-up of 82.2 months may
still be insufficient to capture very late recurrences occurring beyond 10 years. Third, we used the
Fuhrman grading system, which has been largely replaced by the International Society of Urological
Pathology/World Health Organization classification in contemporary practice. [27] Nevertheless, given
the historical nature and long-term follow-up of our cohort, Fuhrman grade remains clinically important
and informative for interpreting long-term outcomes, particularly within the ccRCC subgroup. Finally, the
relatively low absolute number of recurrence events (n = 67) limited the statistical power. Although this
low event rate reflects the favorable long-term oncological effectiveness of RAPN, it restricted our ability
to perform more granular subgroup analyses of specific anatomical sites of distant metastasis or further
stratify pathological variables.

5. Conclusion

In conclusion, tumor size and LVI were associated with long-term recurrence after RAPN in patients with
clinical T1 RCC. The prognostic relevance of the Fuhrman grade is histology-specific, and it should not be
applied universally across heterogeneous histologies, but remains informative for precise risk
stratification within the clear cell variant. Evaluating the cumulative presence of tumor size 240 mm and
LVI may provide a simple risk stratification framework for differentiating long-term oncological
outcomes. This approach may help clinicians tailor individualized postoperative surveillance plans,
minimizing unnecessary imaging for low-risk patients while ensuring vigilant monitoring for those at
highest risk.

Declarations

Funding
This study did not receive any funding.
Conflict of interest statement

Kenji Omae received lecture fees from Ono Pharmaceutical and Pfizer outside the submitted work. The
other authors declare no conflicts of interest.

Acknowledgements

The authors thank Ms. Nobuko Hata (Department of Urology, Tokyo Women'’s Medical University and
Department of Urology) for her secretarial work.

Page 9/15



Author contributions

SW: Conceptualization, Methodology, Formal analysis, data curation, writing — original draft, writing -
review, and editing. KO: Conceptualization, Methodology, Formal analysis, Supervision, Validation, Writing
- review and editing, and project administration. YK: Writing, review, and editing. HI: Writing, review, and
editing. HF: Writing, reviewing, and editing. TN: Writing, reviewing, and editing. KY: Writing, reviewing, and
editing. TK: Writing, review, and editing. TT: Project administration, supervision, writing, reviewing, and
editing.

Data Availability Statement

The data that support the findings of this study are available from the corresponding author upon
reasonable request and are subject to institutional ethical approval and privacy regulations.

References

1.

Audigé V, Baghli A, Hubert J, Mazeaud C, Larré S, Branchu B (2023) Clinical and oncological
outcomes of open partial nephrectomy versus robot assisted partial nephrectomy over 15 years. J
Robot Surg 17(2):519-526. 10.1007/s11701-022-01446-1

.Wu Z, Li M, Liu B et al (2014) Robotic versus open partial nephrectomy: a systematic review and

meta-analysis. PLoS One. ;9(4):e94878. Published 2014 Apr 16. 10.1371/journal.pone.0094878

. Tachibana H, Takagi T, Kondo T, Ishida H, Tanabe K (2018) Robot-assisted laparoscopic partial

nephrectomy versus laparoscopic partial nephrectomy: A propensity score-matched comparative
analysis of surgical outcomes and preserved renal parenchymal volume. Int J Urol 25(4):359-364.
10.1111/iju.13529

. Banapour P, Abdelsayed GA, Bider-Canfield Z, Elliott PA, Kilday PS, Chien GW (2018) Nephrometry

score matched robotic vs. laparoscopic vs. open partial nephrectomy. J Robot Surg 12(4):679-685.
10.1007/s11701-018-0801-x

. Alnimer Y, Qasrawi A, Yan D, Wang P (2021) Prognostic Impact of Cytoreductive Nephrectomy in

Patients with Metastatic Renal Cell Carcinoma: Data from a Large Population-Based Database. Urol
J 19(2):111-119 Published 2021 Oct 30. 10.22037/uj.v18i.6593

. Veccia A, Falagario U, Martini A et al (2021) Upstaging to pT3a in Patients Undergoing Partial or

Radical Nephrectomy for cT1 Renal Tumors: A Systematic Review and Meta-analysis of Outcomes
and Predictive Factors. Eur Urol Focus 7(3):574-581. 10.1016/j.euf.2020.05.013

. Takagi T, Yoshida K, Wada A et al (2020) Predictive factors for recurrence after partial nephrectomy

for clinical T1 renal cell carcinoma: a retrospective study of 1227 cases from a single institution. Int
J Clin Oncol 25(5):892-898. 10.1007/s10147-020-01632-x

. Brierley JD, Gospodarowicz MK, Wittekind C (eds) (2025) TNM Classification of Malignant Tumours,

9th edn. Wiley-Blackwell

Page 10/15



10

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Kutikov A, Uzzo RG (2009) The R.E.N.A.L. nephrometry score: a comprehensive standardized system

for quantitating renal tumor size, location and depth. J Urol 182(3):844-853.
10.1016/j.juro.2009.05.035

. Takagi T, Yoshida K, Kondo T et al (2021) Comparisons of surgical outcomes between

transperitoneal and retroperitoneal approaches in robot-assisted laparoscopic partial nephrectomy
for lateral renal tumors: a propensity score-matched comparative analysis. J Robot Surg 15(1):99-
104.10.1007/s11701-020-01086-3

Yang Z, Wang K, Chang H et al (2025) Clinicopathological-based nomogram prediction and
molecular characterization of postoperative recurrence in clinical T1 clear cell renal cell carcinoma.
BMC Surg. ;25(1):247. Published 2025 Jun 5. 10.1186/s12893-025-02991-w

Shimizu T, Miyake M, Hori S et al (2020) Clinical Significance of Tumor Size, Pathological Invasion
Sites Including Urinary Collecting System and Clinically Detected Renal Vein Thrombus as Predictors
for Recurrence in pT3a Localized Renal Cell Carcinoma. Diagnostics (Basel) 10(3):154 Published
2020 Mar 12. 10.3390/diagnostics10030154

Wang K, Guo B, Niu Y, Li G (2024) Development and validation of a nomogram to predict recurrence
for clinical T1/2 clear cell renal cell carcinoma patients after nephrectomy. BMC Surg. ;24(1):196.
Published 2024 Jun 26. 10.1186/s12893-024-02487-z

Marchifiena PG, Tirapegui S, Gonzalez IT, Jurado A, Gueglio G (2018) Positive surgical margins are
predictors of local recurrence in conservative kidney surgery for pT1 tumors. Int Braz J Urol
44(3):475-482. 10.1590/S1677-5538.1BJU.2017.0039

Brookman-May S, May M, Shariat SF et al (2013) Features associated with recurrence beyond 5
years after nephrectomy and nephron-sparing surgery for renal cell carcinoma: development and
internal validation of a risk model (PRELANE score) to predict late recurrence based on a large
multicenter database (CORONA/SATURN Project). Eur Urol 64(3):472-477.
10.1016/j.eururo.2012.06.030

Delahunt B, Cheville JC, Martignoni G et al (2013) The International Society of Urological Pathology
(ISUP) grading system for renal cell carcinoma and other prognostic parameters. Am J Surg Pathol
37(10):1490-1504. 10.1097/PAS.0b013e318299f0fb

Vartolomei MD, Remzi M, Fajkovic H, Shariat SF (2022) Robot-Assisted Partial Nephrectomy Mid-
Term Oncologic Outcomes: A Systematic Review. J Clin Med. ;11(20):6165. Published 2022 Oct 19.
10.3390/jcm11206165

Furukawa J, Hinata N, Teisima J et al (2022) Robot-assisted partial nephrectomy with minimum
follow-up of 5 years: A multi-center prospective study in Japan. Int J Urol 29(9):1038-1045.
10.1111/iju.14960

Musso G, Garofano G, Dabbas M et al (2025) The Influence of Lymphovascular Invasion on T Stage
Upstaging and Overall Survival in Renal Cell Carcinoma: A Population-Based Study. Clin Genitourin
Cancer 23(5):102412. 10.1016/j.clgc.2025.102412

Page 11/15



20.

21.

22.

23.

24.

25.

26.

27.

Shikuma H, Kohada Y, Goto K et al (2026) Time-dependent changes in pathological risk factors of
recurrence after renal cell carcinoma surgery. Urol Oncol 44(1):69e. 1-69.€9

Rakic I, Rakic N, Stephens A et al (2023) Assessing the impact of lymphovascular invasion on overall
survival in surgically treated renal cell carcinoma patients: A nationwide cohort analysis. Urol Oncol
41(10):435. e1-435.e9

Bernhard JC, Pantuck AJ, Wallerand H et al (2010) Predictive factors for ipsilateral recurrence after
nephron-sparing surgery in renal cell carcinoma. Eur Urol 57(6):1080-1086.
10.1016/j.eururo.2010.02.019

Zhang L, Wu B, Zha Z, Qu W, Zhao H, Yuan J (2020) The Clinicopathological Risk Factors in Renal
Cell Cancer for the Oncological Outcomes Following Nephron-Sparing Surgery: A PRISMA
Systematic Review and Meta-Analysis. Front Oncol 10:286 Published 2020 Mar 6.
10.3389/fonc.2020.00286

Campbell SC, Clark PE, Chang SS, Karam JA, Souter L, Uzzo RG (2021) Renal Mass and Localized
Renal Cancer: Evaluation, Management, and Follow-Up: AUA Guideline: Part I. J Urol 206(2):199-
208.10.1097/JU.0000000000001911

Bex A, Ghanem YA, Albiges L et al (2025) European Association of Urology Guidelines on Renal Cell
Carcinoma: The 2025 Update. Eur Urol 87(6):683-696. 10.1016/j.eururo.2025.02.020

National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®): Kidney Cancer. Version 1.2026. July 24 (2025) https://www.nccn.org. (Accessed: April
25,2026)

WHO Classification of Tumours Editorial Board (2022) Urinary and Male Genital Tumours, 5th edn.
International Agency for Research on Cancer, Lyon

Tables

Tables 1 to 4 are available in the Supplementary Files section.

Figures

Page 12/15



Figure 1

Patients who underwent RAPN for RCC between
January 2013 and December 2020
n=1181

Exclusion (h=173)

- Incomplete clinical data (n=2)

- Lost to follow-up within 12 months after surgery (n=158)

- Hereditary RCC syndromes or translocation-associated
RCC (n=13)

v

A 4

Patients included for final analysis
n=1008

N

Clear cell RCC Non-clear cell RCC
n=810 n=198

(Included in the subgroup analysis)

Figure 1

Study flowchart illustrating the patient selection and exclusion process.

From an initial screening of 1,181 consecutive patients who underwent robot-assisted partial
nephrectomy (RAPN), a final cohort of 1,008 patients with clinical T1 renal cell carcinoma (RCC) was
analyzed. To evaluate the histology-specific prognostic impact of tumor grade, a predefined subgroup
analysis was restricted to patients with clear-cell RCC (n=810).
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Figure 2
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Kaplan—Meier curves for recurrence-free survival stratified by the cumulative number of prognostic

factors in the entire cohort.

Patients were stratified into three distinct risk tiers based on the presence of two identified post-RAPN
prognostic factors: tumor size = 40 mm and LVI. The 5-year recurrence-free survival rates were 98.3% for
patients with zero factors (n=630), 93.4% for those with one factor (n=264), and 76.1% for those with two

factors (n=114).
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Figure 3

Kaplan—Meier curves for recurrence-free survival stratified by the cumulative number of prognostic
factors in the clear cell renal cell carcinoma (ccRCC) subgroup.

Patients within the biologically homogeneous ccRCC subgroup were stratified according to the
cumulative presence of three validated independent prognostic factors: tumor size = 40 mm,
lymphovascular invasion (LVI), and a high Fuhrman grade (grades 3-4). The 5-year recurrence-free
survival rates were 98.2% for patients with zero factors (n=436), 95.4% for those with one factor (n=210),
87.0% for those with two factors (n=115), and 66.9% for those with three factors (n=49).
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