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Abstract
Introduction The aim of the study was to determine the impact of positive surgical margins (PSM) after PN on very long-
term recurrence in a contemporary cohort.
Methods Patients who underwent PN for a localized renal tumour were included. Patients were stratified according to the 
presence of PSM. Data on patients’ characteristics, the tumour, the peri- and postoperative events were collected. Disease-
free survival (DFS) and overall survival (OS) were assessed by the Kaplan–Meier method and compared by the log-rank 
test. Sensitivity analyses using weighted propensity score analysis was performed to account for potential selection biases 
arising from the nonrandom allocation of patients to different groups.
Results A total of 1115 patients were included in the study. The incidence of PSM was 5.4% (n = 61). The median follow-up 
time was 51 months for the PSM group and 61 months for the NSM group (p = 0.31). Recurrence rates were significantly 
higher in the PSM group (13%, n = 8) compared to the NSM group (7%, n = 73) (p = 0.05). This resulted in a significant 
reduction in DFS in the PSM group (p = 0.004), particularly pronounced in patients with clear cell renal cell carcinoma. 
Additionally, OS was significantly lower in the PSM group (p < 0.01). Propensity score analysis confirmed a decrease in DFS 
for the PSM group (p = 0.05), while there was no significant difference in OS between the two groups (p = 0.49).
Conclusion In this retrospective multicenter study, PSM impact on oncological outcomes, increasing recurrence, but no 
difference in OS was observed post-adjustment for biases.
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Introduction

Partial nephrectomy (PN) is a preferred treatment for local-
ized renal tumors, offering comparable oncological results 
and superior preservation of renal function compared to 
radical nephrectomy [1, 2].

The primary aim of nephron-sparing surgery is to secure 
adequate surgical margins while conserving as much healthy 
renal parenchyma as possible. Nevertheless, instances of 

positive surgical margins (PSM) have been reported, with 
their occurrence ranging from 0.1% to 15% [3]. The impact 
of surgical margin status on the survival of patients with 
renal cell carcinoma (RCC) after PN remains to be clearly 
defined. The data on survival outcomes are subject to debate, 
often constrained by the scope of single-institution cohort 
studies and limited follow-up durations. Some teams con-
cluded that the survival of PSM patients was not worse [4, 
5]. Conversely, other research indicates a higher risk of 
recurrence associated with PSM, particularly local recur-
rence attributed to aggressive tumor types, potentially lead-
ing to a more severe disease progression [6, 7].

Given the lack of consensus, a preference for surveillance 
is observed, with no endorsement of adjuvant treatment in 
such cases [8]. Recent discussions have been revitalized by 
the Keynote-564 trial results, which highlighted the benefits 
of adjuvant pembrolizumab over placebo for patients with 
RCC. However, the criteria used to identify at-risk patients 
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in this trial are contentious [9], raising questions about the 
benefits of adjuvant treatment for a specific subgroup of 
patients with positive margins.

This study aimed to investigate the long-term effects of 
PSM on oncological outcomes following PN in a sizable, 
contemporary cohort.

Patients and methods

Study population

After institutional review board approval (CEERB Paris 
Nord, IRB n°00006477-15-073), a retrospective review was 
performed to identify all patients who underwent PN for a 
localized renal tumor between January 1, 2000 and Decem-
ber 31, 2020, at three tertiary academic institutions.

The choice of surgical approach, resection techniques, 
and clamping type was based on the surgeon’s preference. 
Excluded were patients with multiple renal tumors, benign 
final pathology, and those who underwent conversion to 
radical nephrectomy.

Evaluations of surgical margin status were according to 
each institution’s pathology report and were not standardized 
across each institution. PSM was defined by the presence of 
cancer cells at the edge of the tissue.

Covariates

Demographics, tumor, and pathological characteristics were 
collected in an electronic database. Demographics included 
age, gender, American Society of Anesthesiologists [ASA] 
classification, Charlson score (CCI), body mass index 
(BMI), anticoagulant/antiplatelet treatments, and surgical 
approach. Kidney function (creatinine and GFR according 
MDRD: modification of diet in renal disease) was evaluated 
before the surgery and at 1 month. Tumours’ characteristics 
included tumour size, tumour side, tumour position, RENAL 
nephrometry score [10]. Pathologic data included stage, 
Fuhrman grade, histologic subtype, microscopic vascular 
invasion, tumor necrosis and sarcomatoid features.

Perioperative outcomes

The following variables were collected: operative time (OT), 
warm ischemia time (WIT), estimated blood loss (EBL), 
overall complication rate, major complication rate, posi-
tive surgical margins, absolute change in eGFR and length 
of hospital stay (LOS). Postoperative complications were 
graded using the Clavien–Dindo classification [11]. Major 
complications were defined as a Clavien score of three or 
higher. All outcomes were recorded within 30 days after 
the procedure.

Follow‑up protocol and outcomes

Postoperative follow-up was institution- and physician-depend-
ent, but generally followed national and international guide-
lines. Typically, this involved an initial outpatient appointment 
1 month after surgery, followed by semi-annual check-ups for 
the first 3 years and yearly examinations for at least another 
3 years. The follow-up process included evaluating patient-
specific medical history, conducting physical exams, and 
performing enhanced CT scans of the thorax, abdomen, and 
pelvis. Disease recurrence was defined as the appearance of a 
tumoral mass in the resection bed or kidney fossa (local recur-
rence), regional lymph nodes, or metastasis in distant organs. 
Overall survival (OS) was defined as the time from surgery to 
death from any cause. Patients alive were censored at the date 
of their last follow-up.

Statistical analysis

Continuous variables were summarized with medians and 
interquartile ranges (IQRs); categorical variables were sum-
marized with frequency counts and percentages and groups 
were compared using the chi-squared and Fisher’s exact tests. 
Quantitative variables were compared using the Mann–Whit-
ney U test. DFS and OS, as well as the respective percentages 
of patients who were alive and disease-free or alive at key 
time points, were estimated by means of the nonparametric 
Kaplan–Meier method. Hazard ratios and 95% confidence 
intervals were estimated with the use of a Cox proportional-
hazard model and log-rank tests were used to compare the dif-
ferences between groups. Finally, various sensitivity analyses 
were performed. First, an analysis was performed to test the 
hypothesis that the impact of PSM was different according 
to the histological subtype. Second, to account for potential 
selection biases arising from nonrandom allocation of patients 
to different groups, we performed a weighted propensity score 
analysis [12]. The propensity score was calculated using a mul-
tivariable logistic model that included the following variables: 
age, Charlson score, tumor size, T stage, nuclear grade, and 
histologic subtypes. Inverse probability of treatment weighting 
(IPTW)-adjusted Kaplan–Meier curves were used to estimate 
DFS and OS in each group (PSM vs. NSM). To test for equal-
ity of survival in the two groups, an IPTW- adjusted log-rank 
test was used [13]. Statistical analyses were performed using 
Stata 14.1 statistical software (Stata, College Station, TX, 
USA). All tests were two-sided, with a significance threshold 
set at p < 0.05.
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Results

Patients’ operative and tumours’ characteristics

We identified 1115 patients who met the criteria for study 
inclusion. Patients’ characteristics are summarized in 
Table 1. The PSM rate was 5% (N = 61). The groups were 
similar regarding gender, anticoagulant/antiplatelet treat-
ments, BMI, and operative technique. Tumors were larger 
(38 vs. 32 mm) in the PSM group (p = 0.03).

Table 2 presents the perioperative outcomes for each 
group. Most intraoperative outcomes, including OT, WIT, 
EBL, and early unclamping rate, were comparable between 
the two groups (all p > 0.05). The rates of overall complica-
tions and major complications were higher in the PSM group 
(41% vs 25%; p = 0.007 and 21% vs 11%; p = 0.01; respec-
tively). There was no statistically significant difference in 
eGFR variation at 1 month (−10 vs −12 mL/min; p = 0.63).

Pathological findings (Table 3) revealed that clear cell 
RCC was the most common histological subtype of RCC 
in both groups (70% vs. 75%). There was no statistically 

Table 1  Baseline patient and 
disease characteristics

BMI body mass index, ASA American Society of Anesthesiologists, MDRD Modification of Diet in Renal 
Disease

PSM (positive surgical 
margin)

NSM (negative surgi-
cal margin)

p

No. pts (%) 61 (5.4) 1054 (94.6)
Median pts age at surgery (IQR) 66 (58–74) 62 (53–69) 0.004
No. male (%) 39 (64) 678 (64) 0.52
Median kg/m2 BMI (IQR) 27 (23–31) 26 (24–30) 0.73
Median Charlson index (IQR) 4 (2–5) 3 (2–5) 0.53
Anticoagulant/antiplatelet treatments (%) 20 (34) 337 (32) 0.26
Median ml/min preoperative creatinine clear-

ance/MDRD (IQR)
87 (69–106) 80 (67–96) 0.07

No. pts ASA classification (%)
 1–2 46 (75.41) 848 (80.46) 0.53
 3–4 15 (24.59) 206 (19.54)

Median mm tumour size (IQR) 38 (30–50) 32 (24–45) 0.03
No. tumor side (%)
 Right 38 (62) 626 (60) 0.67
 Left 23 (38) 424 (40)

Tumor position (%)
 Anterior 29 (49) 537 (51) 0.85
 Posterior 32 (51) 516 (49)

Median R.E.N.A.L score (IQR) 8 (5–9) 7 (5–9) 0.47
Operative technique (%)
 Laparoscopic, n (%) 2 (1) 35 (3) 0.22
 Robotic, n (%) 25 (43) 505 (49)
 Open, n (%) 34 (56) 514 (48)

Table 2  Perioperative and 
postoperative outcomes

PSM NSM p

Median mins operative time (IQR) 150 (112–180) 141 (133–180) 0.17
Median mins WIT(IQR) 17 (11–24) 15 (11–20) 0.41
Median ml EBL (IQR) 250 (100–600) 200 (100–400) 0.19
No. early unclamping (%) 45.00 (73) 1405 (75) 0.80
Median days length of stay (IQR) 4 (2–6) 4 (2–7) 0.45
No. overall complications (%) 24 (41) 256 (25) 0.007
No. major complications (%) 13 (21) 117 (11) 0.01
Median mL/min MDRD variation preopera-

tively/1 month postoperatively (IQR)
−10 (−21–4) −12 (−28–2) 0.63
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significant difference between the two groups regarding 
pathologic stages (p = 0.10), Fuhrman grade (p = 0.21), 
tumor necrosis (0.37), microscopic vascular invasion 
(p = 0.77), or sarcomatoid features (p = 0.11).

Survival analysis

The median follow-up time was 51 months for the PSM 
group and 61 months for the NSM group (p = 0.31). There 
was a total of 81 recurrences: 8 (13%) in the PSM group and 
73 (7%) in the NSM group. Figure 1 displays Kaplan–Meier 
curves for Disease-Free Survival, segmented by surgical 
margin status. The 10-year DFS rates were 76% for the PSM 
group and 80% for the NSM group, respectively. The risk 
of disease recurrence was found to be higher in the PSM 
group than in the NSM group (p = 0.044). Over the follow-
up period, 67 patients died. The risk of death was found to 
be higher in the PSM group than in the NSM group (Fig. 2).

Sensitivity analysis

To mitigate selection bias and validate the robustness of our 
findings, we conducted a weighted propensity score analy-
sis. The IPTW-adjusted Kaplan–Meier curves, as illustrated 
in Fig. 3A, B, demonstrate that patients with PSM expe-
rienced a significantly shorter median DFS compared to 
those with NSM (p = 0.05; Fig. 3A). However, no significant 

differences were observed in OS between the PSM and NSM 
groups (all p > 0.05, according to the IPTW-adjusted log-
rank test; Fig. 3B).

Histological subgroup analysis

Supplementary Fig. 1 illustrates the DFS of patients with 
NSM and PSM, categorized by histological subtype. In 
patients with clear cell Renal Cell Carcinoma those in the 
PSM group exhibited a significantly shorter median DFS 
compared to the NSM group (p = 0.03). Among patients 
with papillary Renal Cell Carcinoma, the Kaplan–Meier 
curve indicated that DFS in the PSM group was lower than 
in the NSM group, though the difference was not statistically 
significant (p = 0.09) (Supplementary Fig. 1B). For patients 
with chromophobe Renal Cell Carcinoma (chRCC), there 
was no significant difference in DFS between the PSM and 
NSM groups (p = 0.98) (Supplementary Fig. 1C).

Table 3  Pathological findings and oncological outcomes between 
groups

PSM NSM p

No. histologic subtypes (%)
 Clear cell 43 (70) 787 (75) 0.19
 Papillary 8 (13) 168 (16)
 Chromophobe 10 (16) 99 (9)

No. Fuhrman grade (%)
 1–2 32 (63) 679 (71) 0.21
 3–4 19 (37) 276 (29)

No. T stage (%)
 1 47 (77) 907 (87) 0.104
 2 3 (5) 31 (3)
 3 11 (18) 108 (10)

No. microscopic vascular invasion 
(%)

2 (3) 28 (3) 0.77

No. sarcomatoid features (%) 0 43 (4) 0.108
No. tumor necrosis (%) 12 (21) 168 (16) 0.37
No. median month follow-up (%) 51 (30–83) 61 (32–91) 0.31
No. disease recurrence (%) 8 (13) 73 (7) 0.05
No. local recurrence (%) 3 (5) 33 (3) 0.44
No. distant metastasis (%) 7 (11) 65 (6) 0.07
No. death (%) 8 (13) 59 (6) 0.006

Fig. 1  Disease‐free survival stratified by surgical margin status

Fig. 2  Overall survival stratified by surgical margin status
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Discussion

The effectiveness of any curative cancer surgery hinges on 
the complete excision of the tumour. The presence of cancer 
cells at the surgical margin often indicates a less favourable 
prognosis for the patient. Despite advancements in surgi-
cal techniques, including the adoption of robotic approach, 
PSM in PN specimens remain a relatively common occur-
rence. This raises concerns about the potential for increased 
recurrence risk, and the implications for long-term onco-
logic outcomes are still not fully understood. In our multi-
center study, we analysed positive surgical margins follow-
ing partial nephrectomy over a median follow-up period of 
51 months. We noted a PSM rate of 5.4% and observed that, 
although positive margins significantly increased the recur-
rence rate, they did not affect overall survival.

The results of this study are consistent with earlier 
research examining the effect of PSM on patients with non-
metastatic RCC undergoing PN. A retrospective analysis by 
Carvalho et al. of 388 patients who underwent PN at a single 

institution revealed a significant increase in the recurrence 
rate (18.7% compared to 4.2%, p = 0.007) and the rate of 
subsequent total nephrectomy (25% versus 4.4%, p < 0.001) 
in patients with PSM compared to those with negative sur-
gical margins (NSM) [14]. In a similar vein, research by 
Khalifeh et al. identified a correlation between PSM and 
elevated rates of local recurrence and metastasis (p < 0.001) 
[15]. Nonetheless, the overall survival rates were compara-
ble in both groups.

Contrastingly, a matched-pair study by Bensalah et al., 
which included 101 cases of PSM and 102 of NSM, matched 
by surgical indication, tumour size, and grade, showed no 
impact of PSM on 5-year recurrence-free survival (RFS), 
5-year cancer-specific survival (CSS), or 5-year overall sur-
vival (OS) [5]. Yossepowitch et al. evaluated 77 PSM cases 
in a pool of 1,390 PN procedures over a median follow-up 
period of 40.8 months and found no link between PSM and 
diminished RFS or metastasis-free survival (MFS) [16]. 
Furthermore, Rothberg et al. compared outcomes of 797 
NSM patients with 42 PSM patients after robotic partial 
nephrectomy and concluded that the oncological results for 
patients with PSM were not inferior to those with NSM after 
a median follow-up of 18.8 months [17].

Our study, benefiting from an extended follow-up 
period, is among the few to demonstrate an impact on 
overall survival. However, a weighted propensity score 
analysis revealed no significant differences in overall sur-
vival between groups with positive and negative surgical 
margins. This apparent contradiction may be attributed to 
confounding variables. In fact, patients with a PSM who 
experience disease recurrence could be undergo additional 
treatments, such as ablative treatment or further surgeries 
[18]. These interventions may effectively manage the recur-
rent disease, delaying its progression. While these treatments 
may improve DFS by controlling the disease, their impact 
on overall survival (OS) may be less pronounced if they suc-
cessfully manage the disease without significantly affecting 
the patient’s overall health. Additionally, although the recur-
rence may necessitate ongoing surveillance and treatment, 
its impact on OS may be mitigated by the relatively slow 
progression of the disease and the availability of effective 
salvage treatments to manage it. These findings are in line 
with a recent meta-analysis by Bai et al. of 39 studies, which 
showed no significant correlation between PSM and overall 
survival [19].

RCC is a heterogeneous and intricate disease, with each 
histologic subtype exhibiting unique genetic, pathological, and 
clinical characteristics. Consequently, the influence of surgi-
cal margin status on RCC outcomes may vary depending on 
the specific subtype. In this context, our study stands out as it 
is the first to investigate the prognostic significance of PSM 
across different histologic subtypes (chromophobe or papil-
lary), drawing upon extensive data from multiple centers. Our 

Fig. 3  Inverse probability of treatment weighting (IPTW)-adjusted 
Kaplan–Meier analysis of A Disease-free survival B overall survival, 
according to margins status
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findings indicate that the association between surgical margin 
status and RCC prognosis could be influenced by the subtype. 
Our results suggest that the association between surgical mar-
gin status and RCC prognosis may be influenced by subtype. 
Specifically, we observed distinct differences in the effect of 
PSM on DFS among different RCC histological subtypes. We 
reported trends suggesting lower DFS in the PSM group com-
pared with the NSM group for patients with papillary RCC, 
and no significant difference in DFS between the PSM and 
NSM groups for patients with chromophobe RCC. However, 
we acknowledge that the number of patients in these subgroups 
was limited, which may introduce uncertainty in the results 
regarding DFS between the PSM and NSM groups.

This study has limitations. The retrospective nature of data 
collection resulted in some missing information. Surgical 
approach, resection techniques, and type of clamping varied 
according to surgeon preference and were not standardized 
across centers. In addition, cause of death was not assessed, 
and patients in the PSM group were older, which could bias 
the study due to a higher risk of death from any cause. We 
acknowledge the potential for imprecision in the results for 
the subgroups (papillary and chromophobe) due to the small 
sample size. There is a potential overinterpretation of these 
findings and emphasize the need for larger studies specifically 
focusing on patients with papillary or chromophobe RCC to 
validate our observations. The low incidence of PSM pre-
cluded the use of a multivariate model to identify predictive 
factors for PSM. However, this contemporary study is signifi-
cant because of its large size and long follow-up of more than 
20 years.

Conclusion

The debate continues over the implications of positive surgi-
cal margins following partial nephrectomy. Our study reveals 
an increased recurrence risk linked to PSMs post-procedure. 
Nonetheless, after accounting for potential confounding fac-
tors, we found no substantial difference in overall survival 
outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10147- 024- 02578-0.
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