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Abstract

:

Simple Summary


Patients with small kidney cancers who undergo tumor resection, can experience incomplete tumor tissue removal. This is termed “positive surgical margin” (PSM) and is of interest in terms of the risk for cancer recurrence and survival outcomes. In this study, we investigated outcomes in 523 patients, of which 48 patients had PSM after tumor resection. We found positive margin rates to be lower in robot-assisted tumor resection compared to traditional methods (5.5% vs. 12.2%). Patients with a PSM had higher rates of recurrence during follow-up compared to patients with negative margins (23% vs. 9.3%), highlighting the impact of surgical approach in preventing PSM and thereby influencing the risk of cancer recurrence. However, the presence of PSM did not affect patient survival.




Abstract


Background: Partial nephrectomy (PN) is the preferred treatment for small, localized kidney tumors. Incomplete resection resulting in positive surgical margins (PSM) can occur after PN. The impact of PSM on the risk of recurrence and survival outcomes is not fully understood. We aimed to explore the relationship between PSM, the risk of recurrence and impact on survival after PN in a large multicenter cohort from Denmark. Methods: This was a retrospective cohort study including patients who underwent PN for renal cell carcinoma (RCC) at three departments in Denmark between 2010 and 2016. Data including pathological features, surgical techniques, and patient follow-up was retrieved from electronic medical health records and national databases. We used a combination of descriptive statistics, comparative analysis (comparisons were carried out by Mann–Whitney Test, independent Student’s t-test, or Pearson’s chi-Square Test), univariate and multivariate logistic regression analyses, and survival analysis methods. Results: A total of 523 patients were included, of which 48 (9.1%) had a PSM. Recurrence was observed in 55 patients (10.5%). Median follow-up time was 75 months. We found a lower incidence of PSM with robot-assisted PN (p = 0.01) compared to open or laparoscopic PN. PSM was associated with a higher risk of recurrence compared to negative margins in univariate analysis, but not multivariate analysis. However, the study was underpowered to describe this association with other risk factors. Overall survival did not differ between patients with PSM and negative margins. Conclusions: Our study presents further evidence on the negative impact of PSM on recurrence after PN for RCC, highlighting the importance of achieving NSM, thus potentially improving clinical outcomes. A surgical approach was found to be the only predictive factor influencing the risk of PSMs, with a reduced risk observed with robot-assisted laparoscopy.
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1. Introduction


Partial nephrectomy (PN) is increasingly advocated as the preferred treatment option for small localized renal cell carcinomas (RCCs). PN reduces the long-term risk of end-stage renal disease compared to radical nephrectomy, while maintaining an equivocal oncological outcome. With local surgical tumor resection comes a risk of histologically residual disease, known as positive surgical margin (PSM). The incidence of PSMs has been reported from 0 to 10.7% in previous PN cohorts [1], but the impact of PSMs on oncological outcomes remains elusive. Despite the histological presence of PSM, residual cells in the tumor bed may not be viable, e.g., due to surgical hemostasis, and thus never result in local or distant recurrence of the disease. The correlation between PSMs and overall survival (OS), cancer-specific survival (CSS), and recurrence-free survival (RFS) is an ongoing debate. Some research indicates that PSMs may escalate the risk of local recurrence and negatively impact oncological outcomes. Conversely, other studies suggest that survival rates are comparable regardless of the postoperative strategy, whether it involves active surveillance or surgical interventions [1,2,3,4].



The management of localized kidney tumors has progressively shifted towards nephron-sparing procedures, primarily to safeguard renal functions. This shift is underscored by findings that radical nephrectomy, in contrast to partial nephrectomy, is associated with diminished long-term survival due to an elevated risk of chronic kidney disease, which further escalates the likelihood of cardiovascular-related morbidity and mortality. Since 2010, nephron-sparing surgery (NSS) has been advocated as the standard approach where feasible, successfully balancing the dual objectives of preserving kidney function and ensuring satisfactory oncological outcomes [5].



Building upon these considerations, our study aims to investigate the relationship between PSMs and recurrence risk, alongside evaluating the influence of PSMs on survival outcomes in a patient cohort that underwent PN for RCC.




2. Method


2.1. Data Collection and Database Description


Patients were identified through the Danish Renal Cancer (DaRenCa) database, which is comprised of specific details reported on RCC patients from all Urology Departments in Denmark. The database integrates comprehensive data from multiple national registries: The Civil Registration System (CRS), the National Patient Registry (NPR), the Danish Pathology Registry (DPR), the Danish Cancer Registry (DCR), and the Cause of Death Register (DAR). Patients included in the cohort had undergone PN for the treatment of RCC between 2010 and 2016 in one of the three urological departments located in the east region of Denmark. The inclusion of patients in this specific time interval secured a relevant follow-up period of at least 5 years. Patients with bilateral tumors, lymph node involvement, and metastatic disease were excluded from the study.



To retrieve data from the database, approval through the Danish Data Agency is required.




2.2. Preoperative Patient Characteristics


Additional patient characteristics were obtained from reviewing medical records, including demographics, performance score (PS), American Society of Anesthesiologists (ASA) score, Charlson Comorbidity Index (CCI), and symptoms such as hematuria, pain, and weight loss. Smoking status and pertinent laboratory results were also recorded. PADUA nephrometry scores were reviewed from cross-sectional CT scans.




2.3. Tumor Characteristics and Surgical Aspects


Pathological characteristics were retrieved from pathology reports, and included tumor diameter, pTNM staging, histologic subtype, Fuhrmann nuclear grade classification, presence of necrosis, Leibovich score for clear cell RCCs, and surgical margin status. Tumor diameter, histological subtype, and nuclear grade was evaluated according to national guidelines. PSM was defined as the presence of malignant cells in the resection margin of the removed tumor, and NSM was verified if non-malignant cells were observed in the resection margin. Surgical details retrieved from medical records were the utilized surgical approach (open, laparoscopic or robot-assisted laparoscopic surgery), whether clamping was performed, and resection techniques (enucleation (tissue-sparing) vs. resection (tumor removal with inclusion of tumor and normal kidney tissue)).




2.4. Follow-Up Protocol and Recurrence Assessment


All participating institutions adhered to the national DaRenCa guidelines for postoperative follow-up, entailing a thoraco-abdominal CT-scan 6 months post-surgery, regardless of margin status. Patients with PSM endured a closer follow-up regimen, with CT-scans performed every 6 months for three years, followed by annual scans. For patients with NSM, follow-up CT-scans were situated 6 and 12 months postoperatively, followed by annual scans during the remaining study period.



Recurrence was identified through radiologic evaluations and, where applicable, pathologic analysis of recurrent tumors. Local recurrences were defined as those occurring at the surgical field, while recurrences at other sites could consist of multiple site recurrences or metastases. This study’s primary focus was to assess oncological outcomes and, secondarily, to evaluate potential risk factors for PSM and recurrence.



We used a combination of descriptive statistics, comparative analysis (comparisons were carried out by Mann–Whitney Test, independent Student’s t-test, or Pearson’s chi-Square Test). The estimation of the model’s baseline hazard was established using Breslow’s method, a standard approach in survival analysis.




2.5. Ethical Approvals


The study was approved be Danish Data Agency and the Danish Patient Safety Authority (3-3013-2902/1).





3. Results


3.1. Patient Demographics and Baseline Characteristics


A total of 523 patients underwent PN. A PSM was identified in 48 (9.2%) patients, while recurrences were observed in 55 (10.5%). The median follow-up time was 75 months (interquartile range, IQR: 58–91).



Patient characteristics are presented in Table 1. We did not find differences in the distribution of preoperative characteristics when stratifying for surgical margin status, but PSM was more incident in patients with higher-stage tumors, and less incident in patients who underwent robot-assisted PN. Patient allocation between the PSM and NSM groups was generally even, aside from notable disparities in surgical methods, recurrence frequencies, and recurrence sites as detailed in Table 1. There was a higher occurrence of T2 and T3 stage tumors in the PSM group, with both stages at 8.5%, in contrast to the NSM group, which had 4.7% for T2 and 2.5% for T3 tumors. Nonetheless, the mean tumor size was consistent between the two cohorts. Additionally, the distribution of tumor nuclear grades, classified as low (Fuhrmann 1–2) and high (Fuhrmann 3–4), showed no significant difference when comparing the PSM and NSM groups.




3.2. Positive Surgical Margin


The surgical approach emerged as a critical factor influencing the risk of PSM. Robotic-assisted procedures were associated with a lower risk of PSM (5.5%) compared to laparoscopic and open surgeries (12.2% each, p = 0.01). The analysis did not show significant differences concerning clamping (yes/no) and resection techniques (enucleation/resection) between the PSM and NSM groups (Table 2).




3.3. Recurrences


In the univariate analysis, several factors were found to have a significant relationship with recurrence. PSM showed a notable association (HR 2.27; 95% CI 1.17 to 4.40; p = 0.02), indicating a more than twofold increase in hazard compared to NSM. Similarly, the Fuhrman grade was linked to recurrence (HR 1.80; 95% CI: 1.21–2.68; p < 0.005). Tumor size also demonstrated a significant correlation with recurrences (HR 1.02; 95% CI: 1.01–1.03; p < 0.005). Furthermore, the Leibovich score was significantly associated with recurrences (HR 1.48; 95% CI: 1.20–1.82; p < 0.005), reflecting a meaningful increase in hazard with a higher Leibovich score. Conversely, age, PADUA score, pathological tumor stage, presence of necrosis, and resection technique (excision or enucleation) did not exhibit statistically significant effects on the recurrences time (Table 3).



The multivariate analysis identified only two significant predictors of recurrence. The presence of a PSM was associated with a more than twofold increase in the risk of the recurrence (HR 2.05; 95% CI: 1.04–4.04; p = 0.04). Furthermore, the Leibovich score was also a significant prognostic factor. For each unit increase in the Leibovich score, there was a 30% increase in the hazard (HR 1.30; 95% CI: not provided; p < 0.005). Conversely, recurrence was not significantly associated with gender, age, and surgical. The model’s concordance index was 0.69 (Table 4).




3.4. Survival Outcomes


The 5-year recurrence-free survival rates were significantly different between the PSM and NSM groups, with rates of 80% (95% CI; 64.9–89.1) and 93% (95% CI; 90.1–95.1), respectively ((p = 0.013), Figure 1). However, the 5-year overall survival rates between these groups were non-significant, with 87% (95% CI; 84–90) for the PSM group and 91% (95% CI; 78.7–96.7) for the NSM group (p = 0.055).





4. Discussion


The findings from our study underscore the significant association between the surgical approach and the risk of PSM in partial nephrectomy procedures. The data reveal a compelling trend towards robotic-assisted surgeries being associated with a notably lower risk of PSM at 5.5%, compared to their laparoscopic and open surgery counterparts, each presenting a PSM risk of 12.2%. This differential is statistically significant (p = 0.01). In Denmark, robotic-assisted PN was introduced in 2008, and was a relatively novice approach in the beginning of our cohort period. Most surgeons performing PN in this cohort were experienced kidney surgeons, but not all were experienced console surgeons. Despite this, in our cohort, PSMs were less likely to occur with robotic assisted surgery, suggesting that the learning curve for the experienced kidney surgeon is steep, and the precision and enhanced dexterity offered by robotic assistance may contribute to more accurate tumor resection and consequently better surgical outcomes. This could be particularly beneficial in complex renal masses where the preservation of healthy tissue is paramount for maintaining renal function, while ensuring complete tumor excision [6,7,8].



The results of our study provide a comprehensive analysis of factors influencing recurrence and survival outcomes in patients undergoing partial nephrectomy for RCC. In the univariate analysis, PSM, Fuhrman grade, tumor size, and Leibovich score emerged as significant predictors of recurrence. Notably, PSM was associated with a more than twofold increase in the risk of recurrence, which is consistent with the literature that identifies the surgical margin status as a critical prognostic indicator [9,10].



The Leibovich score, tumor size, and Fuhrmann grade, among other factors, were also significantly associated with recurrence in our study. This is in agreement with previous studies that have validated the Leibovich scoring system as a reliable predictor of recurrence in RCC [11,12,13].



Regarding survival outcomes, our study demonstrated a significant difference in 5-year recurrence-free survival rates between the PSM and NSM groups, with the NSM group showing superior outcomes. This finding is in line with the established notion that PSM is a negative prognostic factor for recurrence-free survival. However, the 5-year overall survival rates did not significantly differ between the two groups. This may suggest that while PSM is a strong predictor of recurrence, it may not independently predict overall survival, a phenomenon that has been observed in other studies [1,14,15,16,17,18,19]. This could be attributed to the indolent nature of some RCC cases, where recurrence does not immediately translate to a survival disadvantage.



Previous studies have reported a high risk of recurrence in patients with PSM following partial nephrectomy [20,21], which is in agreement with our findings. Khalifeh et al. [6] reported a hazard ratio of 18 for recurrence at a 17.3-month follow-up, while Takagi et al. [17] found a median time to recurrence after PN of 9 months. However, our cohort had a follow-up time of at least 5 years, which is considered sufficient to predict recurrence.



The decision to use off-clamp or clamping techniques during PN can significantly impact patient outcomes [22,23,24]. Clamping the renal artery reduces blood loss, but can cause ischemia to the kidney, while off-clamp techniques avoid ischemia but may lead to more bleeding. We found no significant differences in PSM occurrence between these two techniques, which is a valuable insight. Further analysis could explore how these techniques interact with tumor complexity and surgeon experience. For instance, more experienced surgeons might be more adept at managing complex tumors without clamping, thus preserving renal function without compromising surgical margins.



Interestingly, our study did not find a significant association between recurrence and other factors such as age, PADUA score, tumor stage, presence of necrosis, and resection technique. This contrasts with some studies that have suggested these factors may influence recurrence risk [11,25]. The lack of statistical significance in our study could be due to sample size or the distribution of these factors within our cohort.



The management of positive surgical margins (PSM) following partial nephrectomy for renal cell carcinoma (RCC) is a subject of ongoing debate [21,26]. There is no clear consensus on the optimal approach. While some studies have suggested that repeat resection of the tumor bed may be necessary, other studies have found comparable survival rates between patients with PSM and NSM, regardless of postoperative management regimes including active surveillance versus repeat resection of the tumor bed [3,4,27].



Data on treatment strategies upon recurrence are not included in this study. In future, it will be interesting to observe whether adjuvant treatment in the era of targeted systemic therapies will play a role in managing PSM. Furthermore, a comparison of survival data between patients with recurrence after PSMs in this cohort and a more present cohort could uncover whether novice oncological treatments will present a positive influence on survival outcomes. Furthermore, extending the cohort to include all patients who have undergone PN in a specific time frame in all regions of Denmark is relevant to further evaluate the significance of PSM.



Study limitations potentially affecting data interpretation include its retrospective design, which could mediate selection bias. Furthermore, there was missing data for some patients, including smoking status, performance score, information on resection technique, clamping, and Fuhrmann nuclear grade, which could potentially influence the interpretation of data Additionally, the study did not include information on the treatment for recurrence, which could influence outcomes.




5. Conclusions


Our study presents further evidence on the negative impact of PSM on recurrence after PN for RCC, highlighting the importance of achieving NSM, thus potentially improving clinical outcomes. Surgical approach was found to be the only predictive factor influencing the risk of PSM, with a reduced risk observed with robotic-assisted laparoscopy. The optimal strategy for managing PSM remains unclear, and further research is needed to determine the best approach for patients with PSM, especially those with high-risk tumors. The lack of impact of PSM on overall survival warrants further investigation, potentially exploring the role of adjuvant therapies and the biological behavior of different RCC subtypes.







Author Contributions


N.A.: Conceptualization, data curation, formal analysis, methodology, writing—original draft, writing—review and editing, supervision; K.S.S.M.: Data curation, writing—review and editing; M.A.: Data curation, writing—review and editing. A.R.: Conceptualization, writing—review and editing, supervision. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Danish Data Agency and the Danish Patient Safety Authority (3-3013-2902/1).




Informed Consent Statement


This was a retrospective cohort study including patients who underwent PN for renal cell carcinoma (RCC) at three departments in Denmark between 2010 and 2016.




Data Availability Statement


The data presented in this study is available in this article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Laganosky, D.D.; Filson, C.P.; Master, V.A. Surgical Margins in Nephron-Sparing Surgery for Renal Cell Carcinoma. Curr. Urol. Rep. 2017, 18, 8. [Google Scholar] [CrossRef]

	



Morrone, A.; Bentellis, I.; Bernhard, J.-C.; Bensalah, K.; Champy, C.; Bruyere, F.; Doumerc, N.; Olivier, J.; Audenet, F.; Parier, B.; et al. Positive surgical margin’s impact on short-term oncological prognosis after robot-assisted partial nephrectomy (MARGINS study: UroCCR no 96). Sci. Rep. 2022, 12, 18342. [Google Scholar] [CrossRef]

	



Shah, P.H.; Moreira, D.M.; Okhunov, Z.; Patel, V.R.; Chopra, S.; Razmaria, A.A.; Alom, M.; George, A.K.; Yaskiv, O.; Schwartz, M.J.; et al. Positive Surgical Margins Increase Risk of Recurrence after Partial Nephrectomy for High Risk Renal Tumors. J. Urol. 2016, 196, 327–334. [Google Scholar] [CrossRef]

	



Yossepowitch, O.; Thompson, R.H.; Leibovich, B.C.; Eggener, S.E.; Pettus, J.A.; Kwon, E.D.; Herr, H.W.; Blute, M.L.; Russo, P. Positive surgical margins at partial nephrectomy: Predictors and oncological outcomes. J. Urol. 2008, 179, 2158–2163. [Google Scholar] [CrossRef]

	



Ljungberg, B.; Albiges, L.; Abu-Ghanem, Y.; Bensalah, K.; Dabestani, S.; Fernández-Pello, S.; Giles, R.H.; Hofmann, F.; Hora, M.; Kuczyk, M.A.; et al. European Association of Urology Guidelines on Renal Cell Carcinoma: The 2019 Update. Eur. Urol. 2019, 75, 799–810. [Google Scholar] [CrossRef]

	



Li, T.; Badre, A.; Alambeigi, F.; Tavakoli, M. Robotic Systems and Navigation Techniques in Orthopedics: A Historical Review. Appl. Sci. 2023, 13, 9768. [Google Scholar] [CrossRef]

	



Gadus, L.; Kocarek, J.; Chmelik, F.; Matejkova, M.; Heracek, J. Robotic Partial Nephrectomy with Indocyanine Green Fluorescence Navigation. Contrast Media Mol. Imaging 2020, 2020, 1287530. [Google Scholar] [CrossRef]

	



Calpin, G.G.; Ryan, F.R.; McHugh, F.T.; McGuire, B.B. Comparing the outcomes of open, laparoscopic and robot-assisted partial nephrectomy: A network meta-analysis. BJU Int. 2023, 132, 353–364. [Google Scholar] [CrossRef]

	



Kim, H.; Kim, J.K.; Ye, C.; Choi, J.H.; Lee, H.; Oh, J.J.; Lee, S.; Hong, S.K.; Byun, S.-S. Recurrence after radical and partial nephrectomy in high complex renal tumor using propensity score matched analysis. Sci. Rep. 2021, 11, 2919. [Google Scholar] [CrossRef]

	



Abu-Ghanem, Y.; Ramon, J.; Berger, R.; Kaver, I.; Fridman, E.; Leibowitz-Amit, R.; Dotan, Z.A. Positive surgical margin following radical nephrectomy is an independent predictor of local recurrence and disease-specific survival. World J. Surg. Oncol. 2017, 15, 193. [Google Scholar] [CrossRef]

	



Demirel, H.C.; Çakmak, S.; Yavuzsan, A.H.; Yeşildal, C.; Türk, S.; Dalkılınç, A.; Kireççi, S.L.; Tokuç, E.; Horasanlı, K. Prognostic factors for surgical margin status and recurrence in partial nephrectomy. Int. J. Clin. Pract. 2020, 74, e13587. [Google Scholar] [CrossRef]

	



Hakam, N.; Abou Heidar, N.; Khabsa, J.; Hneiny, L.; Akl, E.A.; Khauli, R. Does a Positive Surgical Margin after Nephron Sparing Surgery Affect Oncological Outcome in Renal Cell Carcinoma? A Systematic Review and Meta-analysis. Urology 2021, 156, e30–e39. [Google Scholar] [CrossRef]

	



Grivas, N.; Kafarakis, V.; Tsimaris, I.; Raptis, P.; Hastazeris, K.; Stavropoulos, N.E. Clinico-pathological prognostic factors of renal cell carcinoma: A 15-year review from a single center in Greece. Urol. Ann. 2014, 6, 116–121. [Google Scholar] [CrossRef]

	



López-Costea, M.Á.; Bonet, X.; Pérez-Reggeti, J.; Etcheverry, B.; Vigués, F. Oncological outcomes and prognostic factors after nephron-sparing surgery in renal cell carcinoma. Int. Urol. Nephrol. 2016, 48, 681–686. [Google Scholar] [CrossRef]

	



Petros, F.G.; Metcalfe, M.J.; Yu, K.-J.; Keskin, S.K.; Fellman, B.M.; Chang, C.M.; Gu, C.; Tamboli, P.; Matin, S.F.; Karam, J.A.; et al. Oncologic outcomes of patients with positive surgical margin after partial nephrectomy: A 25-year single institution experience. World J. Urol. 2018, 36, 1093–1101. [Google Scholar] [CrossRef]

	



Khalifeh, A.; Kaouk, J.H.; Bhayani, S.; Rogers, C.; Stifelman, M.; Tanagho, Y.S.; Kumar, R.; Gorin, M.A.; Sivarajan, G.; Samarasekera, D.; et al. Positive surgical margins in robot-assisted partial nephrectomy: A multi-institutional analysis of oncologic outcomes (leave no tumor behind). J. Urol. 2013, 190, 1674–1679. [Google Scholar] [CrossRef]

	



Takagi, T.; Yoshida, K.; Wada, A.; Kondo, T.; Fukuda, H.; Ishihara, H.; Kobayashi, H.; Iizuka, J.; Okumi, M.; Ishida, H.; et al. 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. 2020, 25, 892–898. [Google Scholar] [CrossRef]

	



Henderickx, M.M.E.L.; Baldew, S.V.; Marconi, L.; van Dijk, M.D.; van Etten-Jamaludin, F.S.; Lagerveld, B.W.; Bex, A.; Zondervan, P.J. Surgical margins after partial nephrectomy as prognostic factor for the risk of local recurrence in pT1 RCC: A systematic review and narrative synthesis. World J. Urol. 2022, 40, 2169–2179. [Google Scholar] [CrossRef]

	



Bai, R.; Gao, L.; Wang, J.; Jiang, Q. Positive surgical margins may not affect the survival of patients with renal cell carcinoma after partial nephrectomy: A meta-analysis based on 39 studies. Front. Oncol. 2022, 12, 945166. [Google Scholar] [CrossRef]

	



García-Perdomo, H.A.; Ribal Caparrós, M.J.; Alcaraz Asensio, A.; Vilaseca Cabo, A. Effect of Positive Surgical Margins in Patients Who Undergo a Partial Nephrectomy Regarding Recurrence, Overall Survival, Recurrence/Progression-Free Survival, and Metastasis-Free Survival. A Systematic Review and Meta-Analysis. Clin. Genitourin. Cancer 2022, 20, 459–472. [Google Scholar] [CrossRef]

	



Comparative Analysis of Salvage Partial Nephrectomy Versus Radical Nephrectomy after the Failure of Initial Partial Nephrectomy—ScienceDirect n.d. Available online: https://www.sciencedirect.com/science/article/abs/pii/S1078143923002582 (accessed on 19 January 2024).

	



Shah, P.H.; George, A.K.; Moreira, D.M.; Alom, M.; Okhunov, Z.; Salami, S.; Waingankar, N.; Schwartz, M.J.; Vira, M.A.; Richstone, L.; et al. To clamp or not to clamp? Long-term functional outcomes for elective off-clamp laparoscopic partial nephrectomy. BJU Int. 2016, 117, 293–299. [Google Scholar] [CrossRef] [PubMed]

	



Every Minute Counts When the Renal Hilum Is Clamped During Partial Nephrectomy—ClinicalKey n.d. Available online: https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S0302283810005312?returnurl=https:%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0302283810005312%3Fshowall%3Dtrue&referrer=https:%2F%2Fbjui-journals.onlinelibrary.wiley.com%2F (accessed on 19 January 2024).

	



Thompson, R.H.; Lane, B.R.; Lohse, C.M.; Leibovich, B.C.; Fergany, A.; Frank, I.; Gill, I.S.; Campbell, S.C.; Blute, M.L. Comparison of warm ischemia versus no ischemia during partial nephrectomy on a solitary kidney. Eur. Urol. 2010, 58, 331–336. [Google Scholar] [CrossRef] [PubMed]

	



Positive Surgical Margin Appears to Have Negligible Impact on Survival of Renal Cell Carcinomas Treated by Nephron-Sparing Surgery—PubMed n.d. Available online: https://pubmed.ncbi.nlm.nih.gov/19359089/ (accessed on 30 March 2023).

	



Current Strategies to Diagnose and Manage Positive Surgical Margins and Local Recurrence after Partial Nephrectomy—ScienceDirect n.d. Available online: https://www.sciencedirect.com/science/article/pii/S2214388222000406 (accessed on 19 January 2024).

	



Carini, M.; Minervini, A.; Lapini, A.; Masieri, L.; Serni, S. Simple enucleation for the treatment of renal cell carcinoma between 4 and 7 cm in greatest dimension: Progression and long-term survival. J. Urol. 2006, 175, 2022–2026, discussion 2026. [Google Scholar] [CrossRef]








[image: Cancers 16 01449 g001] 





Figure 1. Recurrence-free survival by surgical margin status. 
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Table 1. Baseline and perioperative demographics for patients with microscopic PSM/NSM following PN for RCC.
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Characteristic

	
PSM (n = ) N (%)

	
NSM (n = ) N (%)

	
p-Value






	
Age (median, IQR)

	
61.2 (54.4–69.1)

	
64.1 (55.3–69.7)

	
0.57




	
Gender

	

	

	
0.24




	
Male

	
36 (75%)

	
317 (66.7%)




	
Female

	
12 (25%)

	
158 (33.3%)




	
Performance score

	

	

	
0.93




	
0

	
38

	
355

	




	
1

	
8

	
77

	




	
2

	
2

	
27

	




	
3

	
0

	
2

	




	
Body Max Index (median, IQR)

	
26.5 (23.1–31.6)

	
26.8 (24.1–30.1)

	
0.84




	
Charlson score index

	

	

	
0.37




	
0

	
132

	
9

	




	
1

	
169

	
23

	




	
2

	
108

	
12

	




	
3

	
45

	
4

	




	
4

	
16

	
0

	




	
5

	
5

	
0

	




	
Hypertension

	
28 (58.3%)

	
239 (51.2%)

	
0.35




	
Symptoms

	
13 (27.7%)

	
167 (36.9%)

	
0.21




	
PADUA score (median, IQR)

	
9 (7–11)

	
8 (7–10)

	
0.26




	
Smoking

	
N = 45

	
N = 442

	
0.24




	
Current

	
18 (40%)

	
129 (29.2%)

	




	
Previous

	
11 (24.4%)

	
153 (34.6%)

	




	
Never

	
16 (35.6%)

	
160 (36.2%)

	




	
Tumor localization

	

	

	
0.63




	
Right kidney

	
23 (47.9%)

	
236 (50.1%)

	




	
Left kidney

	
23 (47.9%)

	
224 (47.6%)

	




	
Bilateral

	
2 (4.2%)

	
11 (2.3%)

	




	
Tumor size (mm) (median, IQR)

	
30 (23–40)

	
30 (21–41)

	
0.35




	
Surgical technique

	

	

	




	
Laparoscopic

	
16 (34%)

	
110 (23.8)

	




	
Open

	
18 (38.3%)

	
130 (28.1%)

	




	
Robotic

	
13 (27.7%)

	
222 (48.1%)

	
0.03




	
Clamping technique

	
N = 47

	
N = 433

	
0.47




	
Yes

	
39 (86.7%)

	
390 (90.1%)

	




	
No

	
6 (13.3%)

	
43 (9.9%)

	




	
Resection technique

	
N = 45

	
N = 439

	
0.11




	
Excision

	
42 (93.3%)

	
428 (97.5%)

	




	
Enucleation

	
3 (6.7%)

	
11 (2.5%)

	




	
Histology

	
N = 46

	
N = 467

	
0.49




	
Clear cell

	
27 (58.7%)

	
323 (69.2%)

	




	
Non-clear cell

	
19 (41.3%)

	
144 (30.8%)

	




	
T-category

	

	

	
0.06




	
T1a

	
32 (68.1%)

	
344 (72.9%)

	




	
T1b

	
7 (14.9%)

	
94 (19.9%)

	




	
T2

	
4 (8.5%)

	
22 (4.7%)

	




	
T3a/b

	
4 (8.5%)

	
12 (2.5%)

	




	
Nuclear Grade

	
N = 42

	
N = 459

	
0.29




	
Fuhrmann 1

	
5 (11.9%)

	
111 (24.2%)

	




	
Fuhrmann 2

	
29 (69%)

	
272 (59.3%)

	




	
Fuhrmann 3 and 4

	
8 (19.1%)

	
76 (16.5%)

	




	
Recurrences

	

	

	




	
No

	
37 (77%)

	
431 (91%)

	
0.01




	
Yes

	
11 (23%)

	
44 (9%)

	




	
Site of recurrence

	
11

	
44

	
0.007




	
Local

	
9

	
24

	




	
Lunge +

	
1

	
9

	




	
Bone +

	
0

	
3

	




	
Other +

	
1

	
8

	




	
Died

	
6

	
103

	
0.14











 





Table 2. Potential risk factors for positive resection margin compared to negative resection margin in partial nephrectomy.
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	Risk Factors
	Categories
	Number (%)
	p-Value





	Surgical approach
	Laparoscopic
	16 (12.7%)
	0.01



	
	Open
	18 (12.2%)
	



	
	Robot
	13 (5.5%)
	



	pT-category
	T1
	1 (33.3%)
	0.45



	
	T1a
	31 (8.3%)
	



	
	T1b
	7 (6.9%)
	



	
	T2a
	4 (20%)
	



	
	T3a
	3 (23%)
	



	
	T3b
	1 (50%)
	



	Resection technique
	Enucleation
	3 (21.4%)
	0.28



	
	Excision
	42 (8.9%)
	



	Histologic subtype
	clear cell adenocarcinoma
	27 (7.7%)
	0.21



	
	chromofobe renal cell carcinoma
	7 (14.9%)
	



	
	papillary adenocarcinoma type 1
	8 (14.5%)
	



	
	papillary adenocarcinoma type 2
	4 (8.9%)
	



	Leibovich score
	0
	21 (7.6%)
	0.19



	
	1
	8 (10.1%)
	



	
	2
	1 (1.5%)
	



	
	3
	4 (10.8%)
	



	
	4
	7 (21.2%)
	



	
	5
	3 (23.1%)
	



	
	6
	0 (0)
	



	
	7
	0 (0)
	



	Tumor size
	<4 cm
	36 (9.3%)
	0.91



	
	4–7 cm
	9 (8.3%)
	



	
	>7 cm
	3 (10.7%)
	



	Ischemia technique
	Clamping
	39 (9.1%)
	0.52



	
	Off clamping
	6 (12.2%)
	










 





Table 3. Univariate analysis of potential predictors of recurrence rate.
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	Variable
	Hazard Ratio
	95% CI
	p-Value





	Resection technique
	0.71
	0.17 to 2.93
	0.64



	Necrosis
	1.58
	0.89 to 2.79
	0.12



	T-category
	1.13
	0.64 to 2.02
	0.67



	Fuhrman Grade
	1.80
	1.21 to 2.68
	<0.005



	PADUA score
	1.12
	0.97 to 1.30
	0.13



	Tumor size
	1.02
	1.01 to 1.03
	<0.005



	Leibovich score
	1.48
	1.20 to 1.82
	<0.005



	Age
	1.24
	0.93 to 1.65
	0.14



	Positive surgical margin
	2.27
	1.17 to 4.40
	0.02










 





Table 4. Multivariate analysis of potential predictors of recurrence rate.
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	Variable
	Coefficient
	Hazard Ratio
	95% CI
	p-Value





	PSM
	0.72
	2.05
	0.04 to 1.40
	0.04



	Gender
	0.31
	1.37
	−0.32 to 0.94
	0.33



	Leibovich score
	0.26
	1.3
	0.11 to 0.42
	<0.005



	Age
	0.02
	1.02
	−0.01 to 0.05
	0.16



	Surgical technique: Open
	−0.2
	0.82
	−0.92 to 0.51
	0.57



	Surgical technique: Robot
	−0.04
	0.96
	−0.71 to 0.63
	0.91
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