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Background

So far, whether positive surgical margin(PSM) has adverse effects on the prognosis of patients is still controversial, so we designed this study to systematically evaluate the effect of PSM on the prognosis of patients with renal cell carcinoma (RCC) after partial nephrectomy (PN).



Methods

On the basis of three electronic databases (PubMed, Embase and the Cochrane Library) up to May 2022, all case–control studies (CCSs) comparing the effects of PSM and negative surgical margin (NSM) after PN on the oncological results of RCC patients were included. Two evaluators independently conducted a systematic literature search and extracted the data we needed. The methodological quality of all studies was evaluated by the modified Newcastle–Ottawa scale. The odds ratio (OR) was used to describe the results for dichotomous variables, and the meta-analysis was conducted using Cochrane Review Manager 5.2 and Stata 14.2.



Results

A total of 39 studies involving 21461 patients were included in our meta-analysis. The pooled results showed that the rates of tumor recurrence (OR 3.93, 95% CI 2.95-5.24; p < 0.00001) and metastasis (OR 4.63, 95% CI 3.11-6.88; p < 0.00001) in the PSM group were significantly higher than those in the NSM group. However, there were no significant differences in the rates of all-cause death (OR 1.35, 95% CI 0.92-1.99; p = 0.13) or cancer-specific death (OR 0.99, 95% CI 0.51-1.94; p = 0.99) between the two groups. In addition, subgroup analyses were carried out according to different average follow-ups, which revealed similar results.



Conclusion

Insignificant differences in survival between the PSM and NSM groups were observed, although significant differences in recurrence and metastasis in the PSM group were reported. Our study supported that close monitoring might be another effective choice for patients with PSM after PN. Considering the possible limitations, we recommended cautious interpretation of our results.
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1 Introduction

Partial nephrectomy (PN) is one of the standard treatments for renal cell carcinoma (RCC) (1), and it has been shown to be as safe and effective as radical nephrectomy (RN) for selected patients (2, 3). According to the surgeons’ preference along with the feasibility of technology, a robot-assisted, pure laparoscopic or open method can be chosen for PN. Theoretically, the purpose of the operation is to completely remove the tumor and provide a negative surgical margin (NSM) while preserving as much normal renal parenchyma as possible (4). However, positive surgical margins (PSM) occasionally occur, with an incidence of 2-8% (5), which is defined as the presence of cancer cells at the parenchymal inked margin of resection.

Dozens of studies have shown that PSM is an independent predictor for progression-free survival (PFS) due to significantly more long-term recurrences (6). However, other studies have shown a negative correlation between PSM and disease progression or death (7, 8). To date, whether PSM has an adverse effect on the prognosis of patients is still controversial (9). Therefore, we carried out a systematic review and meta-analysis to explore the effects of PSM on patients with RCC after PN.



2 Materials and methods


2.1 Search strategy

Two reviewers independently and systematically searched the literature published in three electronic databases (PubMed, Embase and the Cochrane Library) prior to May 2022. The search terms included recurrence/death/metastasis/oncologic outcome/survival AND surgical margin AND nephron-sparing surgery/partial nephrectomy. In addition, the reference lists from identified publications were also searched.



2.2 Inclusion criteria and data extraction

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Because of the nature of our study, randomized controlled trials (RCT) and prospective cohort studies were unethical. Therefore, all case–control studies (CCSs) comparing the effects of PSM and NSM after partial nephrectomy on the oncological results in RCC patients were included. When articles were not written in English, they were translated for data extraction if possible.

After reviewing the title and abstract, we reviewed the full text to more fully assess whether it met the inclusion criteria: the population we included in the study comprised patients who underwent partial nephrectomy with all surgical methods (open surgery, laparoscopy, robot-assisted) and whose pathological diagnosis was renal cell carcinoma (including any histological subtype). We excluded studies that approved the treatment of renal cell carcinoma through ablation therapy and excluded studies on the pathological diagnosis of benign tumors after partial nephrectomy. Studies without available data (such as comments and letters) were excluded. We manually reviewed the references included in each study to identify other relevant studies.



2.3 Assessment of study quality

The quality of all included studies was evaluated using the Newcastle–Ottawa Scale (NOS), in which a score of 1-9 stars was allocated. The more stars a study acquired, the higher quality it was.



2.4 Statistical analysis

The relevant data about oncological results was extracted from the included study, including local recurrence, metastasis, all-cause death, and cancer-specific death. Recurrence was defined as ipsilateral local renal or retroperitoneal recurrence according to imaging tests, including lymph nodes, resection bed and renal scar.

The meta-analysis was conducted using Review Manager Version 5.3 and Stata 14.2. Continuous variables were presented as weighted mean differences (WMDs) with 95% confidence intervals (CIs), and dichotomous variables were presented as odds ratios (ORs) with 95% CIs. If no significant heterogeneity between two groups was found, the fixed-effect model was used. Otherwise, the random-effect model was used. Furthermore, subgroup analyses were carried out to exclude the bias of different average follow-ups, which were divided into three subgroups: less than 3 years, between 3 and 6 years, and more than 6 years.

For studies reported as a median follow-up, it will be converted to an average according to the conversion formula (10). Heterogeneity among the studies was calculated using the χ2 test and I2 statistics. A p value < 0.10 and an I2 value >50% were considered to be significant. To evaluate publication bias, Egger’s test was performed.




3 Results


3.1 Study characteristics

A total of 452 publications were searched after eliminating repetition, and 47 studies passed title screening. After identifying the abstracts and full texts according to the inclusion criteria, 8 studies were excluded (1 study had no control group, and 7 studies had no available results). The PRISMA flow diagram was presented in Figure 1.




Figure 1 | PRISMA flow diagram.



Finally, 39 CCSs (4, 6–8, 11–45), with a total of 21461 patients were included, from which 1278 patients were assigned to the PSM group and 20183 cases to the NSM group. In addition, these studies were carried out from 13 countries in Europe, North America, South America, and Asia. The methods of operation included open, laparoscopic and robotic-assisted PN. The characteristics and quality of the included studies are summarized in Table 1. There were 9 studies (6, 16, 24, 27, 31–34, 44) explaining the specific quantitative differences between the two groups in different tumor stages. After statistical analysis, it was found that there were significant differences in patients with different stages between the two groups (p < 0.001) (Table 2).


Table 1 | Characteristics and quality of included studies.




Table 2 | Data of different tumor stages in 9 studies.





3.2 Outcomes for meta-analysis


3.2.1 Local recurrence

We extracted data on local recurrence in two groups from 33 studies (4, 6, 11–15, 17–23, 25–30, 32–38, 40–45) including 13473 patients (PSM: 785, NSM: 12688). In 8 studies (13, 14, 18–21, 36, 38), the OR value could not be calculated because the number of local recurrence was zero in both the PSM and NSM groups. The pooled results showed that the rate of local recurrence in the PSM group was significantly higher than that in the NSM group (OR 3.93, 95% CI 2.95-5.24; p < 0.00001). Egger’s test showed no published bias (P = 0.266). The results of subgroup analysis showed that the results of each subgroup were similar to the total results (Figure 2).




Figure 2 | Comparison of local recurrence between positive surgical margin (PSM) and negative surgical margin (NSM) groups.





3.2.2 Metastasis

Twenty studies provided comparative data on tumor metastasis between the two groups (4, 6, 13–15, 17, 18, 20, 25, 27, 30, 33–36, 38, 40–43), including 434 patients in the PSM group and 8298 patients in the NSM group. In 4 studies (13, 14, 35, 36), the number of metastatic cases in the two groups was zero, and the OR value could not be calculated. Pooled data showed a significantly higher rate of metastasis in the PSM group (OR 4.63, 95% CI 3.11-6.88; p < 0.00001), and similar results could be observed in subgroup analyses (Figure 3). Egger’s test showed insignificant published bias (P = 0.145).




Figure 3 | Comparison of metastasis between PSM and NSM groups.





3.2.3 All-cause death

Twelve studies including 10155 patients reported data on all-cause death in two groups (4, 7, 8, 16–18, 24, 25, 31, 32, 39, 44), from which a significantly higher rate of all-cause death in the PSM group could be found than that in the NSM group (OR 1.51, 95% CI 1.19-1.93; p = 0.0008; Figure 4). However, subgroup analyses showed insignificant results between the two groups for those less than 3 years (OR 2.08, 95% CI 0.62-7.01; p = 0.24) and those more than 6 years (OR 1.26, 95% CI 0.73-2.17; p = 0.40) (Figure 4).




Figure 4 | Comparison of all-cause death between PSM and NSM groups.



Maurice et al. (39) performed a data analysis based on the National Cancer Database, which accounted for too much weight (57.6%). Therefore, a sensitivity analysis excluding this study to avoid possible duplication in the population was performed to test the credibility of the results. The final results after excluding Maurice’s study showed that there were no significant differences in the rate of all-cause death between the two groups in the subgroup analyses and pooled analysis (OR 1.35, 95% CI 0.92-1.99; p = 0.13) (Figure 5). Egger’s test showed no significant published bias (P = 0.209).




Figure 5 | Sensitivity analysis of comparison of all-cause death between PSM and NSM groups.





3.2.4 Cancer-specific death

Seven studies provided data on cancer-specific death in the two groups (8, 11, 18, 24, 27, 32, 41), which showed an insignificant difference in the incidence of cancer-specific death between the two groups (less than 3 years: OR 1.94, 95% CI 0.10-38.03; p = 0.66; between 3 years and 6 years: OR 0.86, 95% CI 0.30-2.50; p = 0.79; more than 6 years: OR 1.05, 95% CI 0.43-2.54; p = 0.92; and totally: OR 0.99, 95% CI 0.51-1.94; p = 0.99;, respectively) (Figure 6).




Figure 6 | Comparison of cancer specific death between PSM and NSM groups.







4 Discussion

RCC is a common malignancy in the urinary system, and its incidence is increasing year by year (46). PN is an internationally recognized standard treatment for localized renal tumors according to the EAU and AUA guidelines (1, 47). Although it can prevent the loss of renal function to some extent compared to radical nephrectomy, there is also a risk of incomplete resection of tumors, leading to PSM. It has been confirmed that NSM is very important in reducing the risk of tumor recurrence in many cancers, such as prostate cancer, bladder cancer, breast cancer, colon cancer, and pancreatic cancer (48–50). However, the effect of PSM of RCC on oncological outcomes after PN is still controversial.

The results of this study showed that there was a significant correlation between PSM and local recurrence and metastasis after PN, which was consistent with the results from Ficarra et al., in which a systematic review including 14 studies was conducted (51). Our study included more literature and carried out subgroup analyses, which might provide more support for these results. Moreover, Khalifeh et al. found that only PSM was statistically significant in tumor recurrence and metastasis (15). In a study by Memorial-Sloan Kettering Cancer Center, it was reported that renal tumors with high malignant potential were more likely to relapse when they were PSM (33). When PSM patients were subdivided into a low-risk group and a high-risk group according to the pathological stage and grade, it was found that PSM accompanied by high-risk pathology could significantly increase the risk of 5-year recurrence (34). In addition, other studies suggested recurrence is usually associated with patients at risk of multifocal tumors, in which recurrence might be due to new primary tumors rather than PSM (31). We speculated that the follow-up of patients with PSM might be more rigorous, which would also affect their prognosis.

Our study demonstrated that the rate of PSM could be calculated to be 6.36%, which was similar to 2%-8% (5) in previous publications. Multiple risk factors might have contributed to PSM, including age of patients (52), tumor location (53), tumor size[26 (24),], tumor stage (53), tumor grade (32, 52), tumor infiltration into perirenal fat (53), preoperative renal function (24), surgery volume of surgeons (54), surgical approach (9), etc.

The debate on how to further manage patients with PSM after PN has not been eliminated. Several measures/interventions could be adopted, including radical nephrectomy, tumor bed reresection, marginal energy ablation and observation. However, our results showed that there was an insignificant relationship between the two groups in all-cause death and cancer-specific death, which demonstrated that vigilant and close monitoring might be an effective strategy in lieu of active intervention (55).

It should be carefully noted that the 5-year survival of localized RCC was up to 75% but less than 10% for metastatic RCC (56). In our study, PSM had a more than fourfold impact on the metastasis of RCC, but an impact on the survival of patients was not found. This might be related to insufficient follow-up duration. Although subgroup analyses were carried out, the follow-up of most studies was less than 5 years. In addition, according to the latest cancer report in 2021 (57), it was mentioned that there were some differences in the survival for patients with different pathological types of RCC in different populations, which was not separately analyzed in our study. In this study, it was found that there was a significant difference in tumor stage between the PSM group and the NSM group, although the data of this analysis only came from 9 studies. This still reminded us that tumor stage might also have an impact on the results of the study. Meanwhile, a few studies (8, 11, 12, 15, 18, 22, 25, 26, 30, 31, 36, 38) have mentioned the use of frozen section assessment (FSA) in surgery. However, Miyamoto’s (58) study suggested that the diagnostic accuracy of FSA in partial nephrectomy and its impact on the status of the incision margin had not been determined. They did not believe that FSA will benefit patients. In their opinion, there remains limitations in the FSA diagnosis on margin specimens, such as inadequate sampling and suboptimal tissue preparation due to histologic frozen artifact or cautery artifact, any of which may result in an indeterminate or inaccurate interpretation. Indeed, the diagnostic accuracy of FSA at the surgical margins is not necessarily high, while it is dependent on the pathologist’s knowledge and experience. This issue may require further RCT to determine the usefulness of FSA on surgical margins.

Above all, several potential limitations of this meta-analysis must be taken into consideration. Because all the included studies were retrospective CCSs, the quality of this study was limited. In addition, the heterogeneity among the studies could be easily affected by different urologists’ experience, surgical technique, patient selection, tumor size, stage, grade and location, and incompletely uniform follow-up, which could cause possible biases. Moreover, different methods and their combinations, including open, laparoscopy and robot-assisted laparoscopy, were used in these studies, which made it difficult to carry out subgroup analyses.



Conclusion

By comparing the effects of different surgical margin states on the development of RCC after PN, we found that PSM was closely related to postoperative tumor recurrence and metastasis. However, there was no significant difference in all-cause death or cancer-specific death between the PSM and NSM groups. Therefore, for patients with PSM after PN, close monitoring might be another effective choice apart from active treatments. Considering some limitations in our study, we strongly suggest that our results be carefully cautioned and further validated.
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