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Introduction

Positive surgical margin (PSM) status is almost universally 
considered an adverse pathologic factor that leads to 
higher rates of tumor recurrence, and in some cases, 
disease progression and death. Research in prostate and 
urothelial cancer, for example, has consistently shown 
adverse oncologic outcomes in the subset of patients with 
positive margins (1,2). However, in renal cell carcinoma 
(RCC), the literature has proven controversial, even for 

radical nephrectomy with adequate sample size and long-
term follow up. While some reports have found an increase 
in recurrence after radical nephrectomy, well-established 
nomograms have not found this to be a significant predictor 
of cancer specific (CSS) or overall survival (OS) (3-5). Now, 
with increasing utilization of cross-sectional imaging and 
the resultant identification of small renal cortical neoplasms 
amenable to the partial nephrectomy (PN), this debate 
continues (6,7). Central to this debate is whether preventing 
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loss of healthy renal parenchyma with PN outweighs the 
increased risk of incomplete tumor excision and adverse 
oncologic outcomes. 

Studies have consistently demonstrated equivalent 
oncologic control with decreased perioperative morbidity 
for minimally invasive approaches when compared to open 
partial nephrectomy (8,9). Additionally, rapid adoption of 
the robotic approach by urologic surgeons has increased 
the number of patients undergoing robot-assisted partial 
nephrectomy (10). Local recurrence in many of these 
studies has been reported in 0.1% to 10% of patients (11). 
However, long-term follow-up is often lacking in these 
studies. And despite recurrences often occurring within 
the first five years, up to 10% of recurrences will occur 
greater than five years out from surgery (12-14). Further, 
confounding this data is the fact that most of these local 
recurrences are distant from the tumor bed and likely 
unrecognized multifocal tumor or de novo occurrence rather 
than true recurrence from a positive margin. As such, the 
effect of PSM on CSS and OS has been largely inconsistent 
and thus requires further elucidation. 

In this study, we sought to elucidate the relationship 
between PSM after robot-assisted partial nephrectomy 
(RAPN) and the resulting long-term oncologic outcomes. 
Furthermore, we sought to identify clinicopathological 
variables that increase the likelihood of adverse oncologic 
outcomes following RAPN.

Methods

Our prospectively maintained, Institutional Review Board 
approved renal oncology database (IRB# 00009163) was 
queried to identify all patients having undergone RAPN 
from January 2008 to June 2017. All surgeries involved 
use of the da Vinci Surgical System (Intuitive Surgical, 
Sunnyvale, California, USA) and were performed by a single 
experienced surgeon with assistance from residents and 
fellows. Patients were stratified based on final pathologic 
margin status of either a PSM or a negative surgical margin 
(NSM). These groupings served as the basis for statistical 
analysis of outcomes. 

Prior to surgery all patients underwent cross-sectional 
imaging to better characterize their renal tumor. Standard 
demographics and medical history were collected, in 
addition to determining clinical staging and calculating 
RENAL nephrometry score. Perioperative outcomes, 
including operative time, estimated blood loss (EBL), warm 
ischemia time (WIT), and hospital lengths of stay (LOS) 

were recorded. We also documented final tumor pathology 
data, including tumor size, histology, stage, and Fuhrman 
grade. Presence of a PSM included specimens found to 
be grossly positive, focally positive, or those abutting the 
surgical margin as defined by our institution’s pathology 
protocols.

Our technique for RAPN has been described previously 
in the literature (15,16). Once the tumor has been 
adequately exposed an ultrasound probe is advanced 
through the 12mm assistant port to allow for the operating 
surgeon to intra-operatively determine tumor boundaries 
and proximity of the tumor to vasculature and the 
pelvicalyceal system. The edge of the tumor is then scored 
under ultrasound guidance and the trajectory for excision 
is planned. We then control the hilar vasculature, which 
typically involves only clamping the renal artery. Tumor 
excision is then performed using cold scissors to avoid 
cautery artifact at the margin. We frequently utilize near-
infrared fluorescence imaging with indocyanine green to 
assess ischemia to the kidney, to allow for super-selective 
clamping, to guide tumor excision via differential uptake 
between neoplastic and non-neoplastic parenchyma, and to 
assess vascularity at tissue edges after renorrhaphy. 

Once discharged, patients are scheduled for follow-up 
in our clinic to monitor serum chemistries and review final 
pathology. Cross sectional imaging is performed at regularly 
scheduled intervals and monitored closely for evidence of 
tumor recurrence or presence of metastatic disease. 

Statistical comparisons were generated between patients 
with pathologically confirmed PSM and those with NSM. 
Student’s t-tests were performed for normally distributed 
data where means are presented, Kruskal-Wallis tests were 
used for skewed data where medians are presented, and 
Fischer’s exact tests were used for categorical measures. 
Kaplan-Meier estimates were generated for tumor 
recurrence and overall patient survival; comparisons were 
made between patients with PSM and NSM using log-rank 
tests. SAS Software (version 9.4, Cary, North Carolina, 
USA) was used to perform all statistical analyses. 

Results

We identified a total of 432 patients who underwent RAPN 
for surgical management of a renal cortical neoplasm. 
There were 29 (6.7%) instances of pathologically confirmed 
PSM. Based on preoperative cross-sectional imaging, the 
most prominent nature of tumors in the PSM group was 
mesophytic (69%), while most tumors were exophytic (51%) 
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in the NSM group. No completely endophytic tumors were 
seen in the PSM group, but they made up 9% of tumors 
in the NSM group. There were no statistical differences 
identified between the two groups for any of the remaining 
clinicopathologic variables, including patient comorbidities, 
tumor size, staging, tumor location within the kidney, and 
total contact surface area (Table 1). 

Perioperative, pathologic, and oncologic outcomes 
between patients with NSM and PSM were similar across 
nearly all variables we examined; however, warm ischemia 
time (WIT) was significantly longer in the PSM group 
despite no significant differences in pathologic tumor 
size, RENAL nephrometry score, operative time, or EBL 
between groups (Table 2). Distribution of tumor histology 
was also noted to be different between groups, with the 
rate of clear cell histology significantly higher in the NSM 
group and chromophobe histology significantly higher 
in the PSM group. Other variables, including LOS and 
Fuhrman grade, were all similar. Of the 29 identified PSM, 
seven abutted the surgical margin, ten were focally positive, 
and the remaining twelve had gross involvement of the 
surgical margin (Table 3).

Median follow-up for the overall cohort was 45.1 months. 
We documented fourteen instances of disease recurrence, 
of which seven events were local recurrences, for patients 
with NSM. Of these patients with local recurrence, there 
were three instances of recurrence at or adjacent to the 
resection bed and four instances of new tumor development 
on the ipsilateral kidney at a site separate from the resection 
bed. The other seven events were distant recurrences, 
of which two involved the contralateral kidney and five 
involved distant sites (retroperitoneal lymph nodes, within 
the peritoneum, liver, adrenal gland, lungs, or skeletal 
metastases). Likewise, three patients with PSM experienced 
disease recurrence. Two of these patients had local 
recurrences, specifically one patient developed a recurrence 
adjacent to the site of tumor resection and the other patient 
developed a new tumor within the ipsilateral kidney. One 
patient with PSM was upstaged to pT3a disease on final 
pathology, developed pulmonary metastases within months 
of surgery, and died from their disease seven months post-
operatively. 

During follow-up, 24 patients with NSM died and 
three patients with PSM died. There were no statistical 
differences in the frequencies of tumor recurrence, local 
recurrence, or death between the NSM and PSM groups. 
Recurrence-free (RFS) and OS rates at two-, four-, five-, 
and six-year following RAPN are provided in Table 4. We 

identified no statistical differences in survival estimates, 
with log-rank P values of 0.3822 for RFS and 0.5843 for 
OS. Kaplan-Meier curves for RFS and OS are presented in 
Figure 1 and Figure 2, respectively. 

Discussion

Partial nephrectomy requires the urologic surgeon achieve 
a balance between adequate excision of the renal neoplasm, 
while maintaining surrounding normal parenchyma to 
preserve post-operative renal function. It is rare, however, 
not entirely infrequent, that extirpation is unsuccessful and 
a PSM is identified on final pathology. Such findings have 
been inconsistently associated with clinical significance with 
respect to risk for recurrence of cancer, metastatic spread, 
or worse OS. With this controversy in mind, the primary 
objective of our investigation was to clarify the relationship 
between PSM and resultant oncologic outcomes in a 
cohort of patients having undergone RAPN with long-
term follow-up available. Additionally, we sought to identify 
clinicopathologic variables that place patients at increased 
risk for PSM or adverse oncologic outcomes. 

We report outcomes for 432 patients who underwent 
RAPN by a single experienced robotic surgeon with 
assistance from residents and fellows at a large, tertiary, 
academic medical center. Of the 29 (6.7%) patients 
with PSM identified on final pathology, three patients 
had a recurrence and three patients died over a median 
follow-up of forty-five months. Specifically, two patients 
developed a local recurrence, one patient developed distant 
metastasis, and, of the three patients who died, one died as 
a manifestation of their cancer. Moreover, the six-year RFS 
and OS estimates for patients with PSM were 80.4% and 
85.2%, compared to 85.5% and 89.7% for patients with 
NSM, respectively. While we did not observe a difference 
in overall RENAL Nephrometry scores, there were 
significantly larger percentages of mesophytic tumors in 
the PSM group and exophytic tumors in the NSM group. 
While this finding may follow intuition in suggesting 
tumors located deeper within the parenchyma increase the 
risk of a PSM, the absence of purely endophytic tumors in 
our PSM group speaks to the contrary. Overall, we did not 
find PSM to be associated with worse oncologic outcomes 
compared to patients with NSM. 

Several previous investigations have attempted to define 
the association between PSM following PN and long-
term oncologic outcomes; however, these studies have 
reached varying conclusions. Kang et al. report oncologic 
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Table 1 Demographics and clinical data for patients with positive surgical margins (PSM) versus negative surgical margins (NSM) following 
robotic partial nephrectomy

NSM PSM P value

No. patients 403 29

Sex, male, n (%) 229 (56.8) 15 (51.7) 0.6989

Race, Caucasian, n (%) 368 (91.3) 25 (86.2) 0.3182

Age, mean (SD) 57.6 (12.5) 61.1 (10.7) 0.1492

BMI, kg/m2, mean (SD) 30.8 (6.4) 29.5 (4.9) 0.2952

Hypertension, n (%) 268 (66.5) 17 (58.6) 0.4195

Diabetes mellitus, n (%) 101 (25.1) 6 (20.7) 0.8237

Smoking history, n (%) 216 (53.6) 10 (34.5) 0.0546

ASA score, median (range) 3.0 (1–4) 3.0 (1–4) 0.7138

CCI, median (range) 4.0 (2–10) 4.0 (2–9) 0.6699

Prior abdominal surgery, n (%) 218 (54.2) 15 (51.7) 0.8483

Solitary kidney, n (%) 7 (1.7) 0 (0.0) 1.0000

Multiple lesions, n (%) 32 (7.9) 2 (6.9) 1.0000

Largest tumor size, cm, mean (SD) 3.1 (1.2) 3.4 (1.5) 0.3234

Tumor staging, n (%) 0.5787

T1a 325 (80.6) 23 (79.3)

T1b 54 (13.4) 3 (10.3)

T2a 3 (0.7) 0 (0.0)

T3a 16 (4.0) 3 (10.3)

Nephrometry score, median (range) 7.0 (4–11) 7.0 (4–11) 0.1264

Exophytic nature of primary tumor, n (%) 0.0068

Exophytic 202 (50.9) 9 (31.0)

Mesophytic 160 (40.3) 20 (69.0)

Completely endophytic 35 (8.8) 0 (0.0)

Anatomic location, n (%) 0.6478

Posterior 158 (39.2) 14 (50.0)

Anterior 164 (40.7) 10 (35.7)

Lateral 75 (18.6) 4 (14.3)

Polar location, n (%) 0.9418

Interpolar 142 (35.3) 10 (34.5)

Lower pole 118 (29.4) 8 (27.6)

Upper pole 140 (34.8) 11 (37.9)

P values are t-tests for continuous measures reporting means are from t-tests, Kruskal-Wallis tests for continuous measures reporting 
medians, and exact tests for categorical measures reporting n (%).
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outcomes over a median 32.5 months of follow-up for  
1,813 patients with stage T1 lesions managed with PN (17). 
They identified 31 (1.7%) instances of PSM and determined 
surgical margin status was not significantly associated with 
recurrence (recurrence rates of 3.2% for PSM, 2.1% for 
NSM); moreover, there was no association between PSM 
and worse RFS. With a median follow-up of 3.4 years,  
Yossepowitch et al. report PSM in 77 (5.5%) out of  
1,390 patients who underwent PN and conclude the five-year 
RFS and five-year metastatic progression-free survival was 

no different based on surgical margin status (18). Likewise, in 
a population-based analysis of the Ontario Cancer Registry, 
Ani et al. describe no differences in five-year CSS and OS for 
patients with PSM versus NSM over a median follow-up of 
7.9 years (19). Overall, the above results and conclusions are 
consistent with those reported in the present study, which 
demonstrates no statistical association between PSM and 
worse oncologic outcomes, as well as no significant difference 
in six-year RFS and OS estimates. 

To our knowledge, few reports exist in the literature 

Table 2 Perioperative, pathologic, and oncologic outcomes for positive surgical margins (PSM) versus negative surgical margins (NSM) in 
patients undergoing robotic partial nephrectomy

NSM PSM P value

Operative time (min), median (IQR) 178.5 (62.0) 184.0 (74.0) 0.3393

EBL (mL), median (IQR) 121.7 (154.5) 145.7 (186.6) 0.3158

Warm ischemia time (min), mean (SD) 17.4 (8.2) 22.1 (12.6) 0.0063

LOS (days), median (IQR) 2.0 (1.0) 2.0 (1.0) 0.9413

Pathologic tumor size (cm), mean (SD) 2.9 (1.3) 3.1 (1.1) 0.4133

Final pathology, n (%) 0.0461

Clear cell 281 (69.7) 17 (58.6)

Papillary 83 (20.6) 6 (20.7)

Chromophobe 24 (6.0) 6 (20.7)

Other 15 (3.7) 0 (0.0)

Fuhrman grade, n (%) 0.8121

1−2 300 (80.4) 23 (79.3)

3−4 73 (19.6) 6 (20.7)

Recurrence, n (%) 14 (3.5) 3 (10.3) 0.0909

Local recurrence, n (%) 7 (1.7) 2 (6.9) 0.4458

Died, n (%) 24 (6.0) 3 (10.3) 0.4125

P values are t-tests for continuous measures reporting means are from t-tests, Kruskal-Wallis tests for continuous measures reporting 
medians, and exact tests for categorical measures reporting n (%).

Table 3 Tumor features based on positive surgical margin status 

Abutted margin, n=7 Focally positive, n=10 Margin involved, n=12

Nephrometry score, median (range) 7 (5–10) 7 (4–8) 8 (6–10)

Pathologic tumor size (cm), mean (SD) 2.97 (0.61) 3.38 (0.85) 3.05 (1.46)

Total contact surface area, cm2, mean (SD) 19.9 (7.97) 16.1 (6.58) 12.0 (10.21)

Recurrence, n 0 2 1

Local recurrence, n 0 2 0
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documenting the implication of surgical margin status 
on long-term oncologic outcomes for cohorts of patients 
having exclusively undergone RAPN. A multi-center 
study provided by Lista et al. presents data on 339 patients 
who underwent RAPN for cT1 lesions and reports 22 
(6.5%) documented PSM and zero local recurrences over  
49 months of median follow-up (20). However, oncologic 
survival data is not reported. Several contemporary studies 
have reported excellent five-year oncologic outcomes for 
RAPN; however, these studies document outcomes for 
smaller patient cohorts compared to the present study and 
do not report oncologic outcomes with respect to surgical 
margin status (21-24). In the current study we present long-
term oncologic outcomes for a larger cohort of patients with 
renal cortical neoplasms exclusively managed by RAPN. 
Our investigation indicates no association between PSM 
and worse RFS or OS and demonstrates no differences in 
six-year survival estimates. 

Several investigations with contrasting conclusions 
to the current study have been published, adding to the 
controversy surrounding the implication of a PSM in the 
setting of PN. Recently, Petros et al. matched thirty-four 
patients with PSM following PN for RCC to one hundred 
patients with NSM, concluding PSM resulted in increased 
risk for worse oncologic survival outcomes (25). Moreover, 
in a follow-up analysis of this data, PSM was also found 
to be associated with recurrence of disease in the surgical 
tumor bed (26). In an analysis of 770 patients, Kwon et al. 
reported an increased risk of local recurrence in patients 
with PSM and “high malignant potential histology,” 
specifically the presence of clear cell, collecting duct, or 
papillary type II variants of RCC, as well as presence of 
sarcomatoid differentiation (27). A sub-group analysis 
performed by Shah et al. stratified pathologic specimens 
into either low-risk or high-risk groupings based on tumor 
stage and grade. The presence of PSM and high-risk 
pathology (stage pT2-pT3 and/or Fuhrman grade III−IV) 
was found to significantly increase a patient’s risk for disease 
recurrence at five years (28). Importantly, this association 
was not present for patients with low-risk pathology (stage 
pT1 or Fuhrman grade I−II), indicating that all PSM may 
not necessarily be equal and that other factors related to 
tumor aggressiveness in the presence of a PSM may place 
patients at an increased risk for recurrence. 

The present study is limited by its retrospective nature 
of data collection from a prospectively maintained database. 
Several factors intrinsic to our patient cohort may allow 

Table 4 Kaplan-Meier estimates of rates of recurrence-free survival 
and overall survival in patients with positive surgical margins and 
negative surgical margins

NSM PSM
Log-rank  
P value

Recurrence-free 
survival

0.3822

2 years 95.8% 96.6%

4 years 90.0% 86.6%

5 years 88.1% 80.4%

6 years 85.5% 80.4%

Overall survival 0.5843

2 years 98.0% 96.3%

4 years 93.1% 91.2%

5 years 92.4% 85.2%

6 years 89.7% 85.2%

Figure 1 Kaplan-Meier curve for recurrence-free survival (Log 
rank P value =0.3822).

Figure 2 Kaplan-Meier curve for overall survival (Log rank  
P value =0.5843). 
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for better interpretation of results. With the majority 
of patients in our cohort having stage pT1 tumors and 
Fuhrman grade I-II on final pathology, it is more difficult 
to confidently define the relationship between a PSM in 
tumors with high risk features than in tumors with low 
risk features, for which a significant association with worse 
long-term oncologic outcomes does not appear to exist. 
Certainly, additional studies examining both standard 
pathologic variables, as well as genomic markers of tumor 
aggressiveness, are warranted to better identify risk factors 
for worse oncologic outcomes in the setting of PSM. 

PSM have been inconsistently associated with clinical 
significance with respect to risk for recurrence of cancer, 
metastatic spread, or worse overall survival. While PSM are 
relatively uncommon in the setting of RAPN, their presence 
still serves as a potential risk factor for disease recurrence or 
worse oncologic outcomes. In instances of PSM, immediate 
secondary intervention is most likely unnecessary and 
more attentive long-term clinical follow up, with especially 
vigilant monitoring in patients with high risk features, may 
be more advisable.
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