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INTRODUCTION

Owing to developments in imaging techniques, renal paren-
chymal tumors are usually detected incidentally as small le-
sions, and surgical resection is the primary treatment. How-
ever, the choice of surgical procedure employed can differ 

depending on the size and stage of the tumor. Because of ad-
vances in surgical equipment and techniques, the prognosis 
of cancer control with partial nephrectomy (PN) is similar to 
that with radical nephrectomy (RN), with improved function-
al preservation. Therefore, all recent guidelines suggest that 
the nephron-saving technique be used as the treatment of 
choice for small, clinical stage T1 renal parenchymal tumors.1-4

A positive surgical margin (PSM) can lead to a poor progno-
sis in various tumor types. In contrast to RN, PN is associated 
with a risk of PSM because of the nature of this surgical tech-
nique.5 Nonetheless, for a renal parenchymal tumor with PSM, 
the prognosis and follow-up strategy remain controversial, and 
some researchers argue that PSM is not associated with can-
cer-free survival. Furthermore, an adequate minimal surgical 
margin has not yet been conclusively established.6 Tradition-
ally, to prevent recurrence, a surgical margin of least 1 cm is 
recommended after PN. However, later studies have reported 
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that a surgical margin of 5 mm or even less is sufficient for can-
cer control.7 Moreover, the PSM rate of tumor enucleation sur-
gery has been reported to be similar to that of PN.8

The safety of a surgical margin width (SMW) of 5 mm has 
been evaluated previously. Meanwhile, as tumor enucleation 
techniques usually obtain a SMW within a submillimeter, ac-
counting for one-fourth of negative surgical margin (NSM) 
cases, we set out to evaluate the safety of a submillimeter SMW. 
To do so, we aimed to investigate associations between PSM 
and cancer recurrence rates in patients with clinically local-
ized renal cell carcinoma (RCC) treated with PN. Additionally, 
we compared recurrence rates between patients with a SMW 
<1 mm and ≥1 mm to address the uncertainty of surgical mar-
gin recommendations for PN and tumor enucleation.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of 
Severance Hospital in Seoul, Korea (IRB No: 4-2019-0215) and 
was performed in accordance with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical stan-
dards. The requirement to obtain written informed consent 
was waived owing to the retrospective study design. We en-
rolled 855 patients with clinically localized renal parenchymal 
tumors who had been treated with PN at our institution be-
tween 2005 and 2014. After excluding patients with a benign 
pathology and those with incomplete pathologic or follow-up 
data, 748 patients were included in the final analysis. PN was 
performed by open, laparoscopic, and robotic methods. The 
patients were divided into the following three groups for com-
parison according to the surgical margin: 1) SMW <1 mm, 2) 
SMW ≥1 mm, and 3) PSM. PSM was defined when the tumor 
extended to the inked specimen edge.

Patient characteristics
We reviewed the medical records at our institution to obtain 
the patients’ clinical and pathologic characteristics, including 
age, sex, tumor size, Fuhrman grade, tumor histology, tumor 
stage, and surgical margin status of the PN specimen. Tumor 
stage was determined according to the 7th edition of the Amer-
ican Joint Committee on Cancer Staging Manual.9

Pathologic analysis
All specimens were sent to dedicated urological pathologists 
at our institution for analysis. Tumor size was determined by 
measuring the maximal diameter of the tumor at the time of 
the pathologic examination. For malignant tumors only, the 
histology was modeled as a categorical variable as follows: clear 
cell, papillary (no type difference), chromophobe, and unclas-
sified renal cancer. 

Follow-up assessments
The patients were assessed every 3 months for the first year af-
ter surgery and then semi-annually or annually. Follow-up as-
sessments involved history taking, physical examinations, rou-
tine laboratory blood tests, chest radiography, and abdominal 
imaging (computed tomography or magnetic resonance imag-
ing). The follow-up evaluations of PSM cases were performed 
at the same intervals. Recurrence was defined as a radiologi-
cally verified, newly observed, abnormal enhanced lesion dur-
ing the study period. A newly observed lesion adjacent to the 
operative site was confirmed as local recurrence, and that in a 
distant organ was verified as distant recurrence.

Statistical analysis
Among the patients’ baseline characteristics and pathologic 
outcomes, we compared categorical data, such as sex, Fuhrman 
grade, tumor histology, tumor stage, and surgical margin sta-
tus, using the chi-square test, whereas the continuous variables 
of age and tumor size were analyzed using the Mann-Whitney 
U test. We used the Kaplan-Meier method with log-rank tests to 
estimate and compare the probabilities of recurrence among 
groups. Cox proportional hazards models were used to inves-
tigate associations between variables and the risk of recur-
rence. Significant variables from the univariate analysis were 
included in the multivariate model. All statistical analyses were 
conducted using SPSS software, version 23.0 (IBM Corp., Ar-
monk, NY, USA). Comparisons were conducted using the two-
tailed test, and p-values <0.05 were considered statistically 
significant.

RESULTS

Of the 748 patients enrolled in this study, 44 (5.8%) had PSM. 
Among the patients without PSM, 532 (75.6%) and 172 (24.4%) 
patients were classified as having an SMW ≥1 mm and <1 
mm, respectively. The median follow-up period after PN was 58 
months (interquartile range: 40–78 months).

Table 1 shows the differences in clinical and pathologic char-
acteristics according to surgical margin status and width. Com-
pared to SMW ≥1 mm and <1 mm, patients with PSM were less 
likely to have a clear cell type and pathologic T1a stage (p= 
0.002 and <0.001, respectively). No statistically significant dif-
ferences were identified between the SMW ≥1 mm and <1 mm 
groups in terms of patient age, sex, tumor size, Fuhrman grade, 
tumor histology, or tumor stage.

In the entire cohort, 17 patients (2.3%) experienced recur-
rence during the follow-up period after PN: 6 (0.8%) had local 
recurrence, and 11 (1.5%) had distant recurrence. Of these, 7 
(15.9%) were from the PSM group, 2 (1.2%) were from the SMW 
<1 mm group, and 8 (1.5%) were from the SMW ≥1 mm group 
(Table 2). The Kaplan-Meier curves in Fig. 1 show that recur-
rence-free survival was significantly lower in patients with 
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PSM (log-rank test, p<0.001). When the cases were stratified 
by SMW ≥1 mm and <1 mm, no significant difference in recur-
rence-free survival was observed between the two groups (log-
rank test, p=0.604). Five-year recurrence free survival rates were 
13.3%, 1.1% and 1.3% for the PSM, SMW <1 mm and SMW >1 
mm groups, respectively.

Table 3 shows the results of the univariate and multivariate 
Cox regression analyses for predicting recurrence after PN. In 
the multivariate regression analysis, age [hazard ratio (HR)10: 
1.06, 95% confidence interval (CI): 1.01–1.11, p=0.009], tumor 
stage ≥T1b (HR: 5.60, 95% CI: 2.10–14.91, p<0.001), and a PSM 
(HR: 8.03, 95% CI: 2.74–23.56, p<0.001) were identified as sig-

Table 1. Comparison of Clinical and Pathologic Characteristics according to Surgical Margin Status and Width

Variables
NSM

(n=704)
PSM

(n=44)
p value*

SMW ≥1 mm
(n=532)

SMW <1 mm
(n=172)

p value*

Age, yr 55 (46–64) 57 (47–66) 0.510 55 (46–64) 55 (45–64) 0.946
Sex, male 500 (71.0) 28 (63.6) 379 (71.2) 121 (70.3) 0.847
Tumor size, cm 2.5 (1.8–3.4) 2.8 (1.6–4.7) 0.179 2.5 (1.8–3.4) 2.5 (1.9–3.4) 0.406
Fuhrman grade 0.338 0.154

1 63 (8.9) 5 (11.4) 52 (9.8) 11 (6.4)
2 390 (55.4) 21 (47.7) 303 (57.0) 87 (50.6)
3 219 (31.1) 14 (31.8) 150 (28.2) 69 (40.1)
4 7 (1.0) 0 (0.0) 7 (1.3) 0 (0.0)
Missing 25 (3.6) 4 (9.1) 20 (3.7) 5 (2.9)

Tumor histology 0.002† 0.935
Clear cell 615 (87.4) 33 (75.0) 466 (87.5) 149 (86.6)
Papillary 52 (7.4) 3 (6.8) 37 (7.0) 15 (8.7)
Chromophobe 36 (5.1) 7 (15.9) 28 (5.3) 8 (4.7)
Other 1 (0.1) 1 (2.3) 1 (0.2) 0 (0.0)

Tumor stage <0.001† 0.670
T1a 629 (89.3) 29 (65.9) 477 (89.7) 152 (88.4)
≥T1b 75 (10.7) 15 (34.1) 55 (10.3) 20 (11.6)

NSM, negative surgical margin; PSM, positive surgical margin; SMW, surgical margin width; IQR, interquartile range.
Data are presented as median (IQR) or n (%).
*The chi-square test was used for categorical data, whereas the Mann-Whitney U test was used for continuous data, †p<0.05.

Table 2. Recurrence Sites after Partial Nephrectomy

Local (n=6)
Distant

Bone (n=1) Liver (n=1) Lung (n=8) Lymph node (n=1)
Margin status

SMW ≥1 mm (n=532) 1 (0.2)* 1 (0.2) 5 (0.9) 1 (0.2)
SMW <1 mm (n=172) 1 (0.6) 1 (0.6)
PSM (n=44) 5 (11.3) 2 (4.5)

Tumor stage
T1a (n=658) 2 (0.3) 4 (0.6) 1(0.2)
≥T1b (n=90) 4 (4.4) 1 (1.1) 1 (1.1) 4 (4.4)

Tumor histology
Clear cell (n=648) 6 (0.9) 1 (0.2) 1 (0.2) 6 (0.9) 1 (0.2)
Papillary (n=55) 2 (3.6)

Fuhrman grade
1 (n=68)
2 (n=411) 4 (1) 1 (0.2) 2 (0.5) 1 (0.2)
3 (n=233) 2 (0.9) 1 (0.4) 4 (1.7)
4 (n=7) 1 (14)
Missing (n=29) 1 (3.4)

SMW, surgical margin width; PSM, positive surgical margin.
Data are presented as n (%).
*Clear cell, Fuhrman grade 2, 3.0×2.5 cm, has been recurred to ipsilateral perinephric fat.
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nificant predictors of recurrence, whereas an SMW <1 mm 
was not (p=0.680).

DISCUSSION

In this large-sample retrospective study, we examined the ef-
fects of the surgical margin on the prognosis of patients under-
going PN. Our study confirmed once again that PSM is an im-
portant predictor of recurrence. Additionally, it was confirmed 

that maintaining a submillimeter SMW in accordance with re-
cent trends aimed at maximizing normal renal parenchyma 
protection is safe without jeopardizing cancer control.

Every surgery has its own goals, and for PN, there are three 
main goals, the so-called “trifecta.” Hung, et al.11 first described 
the concept of the trifecta in PN as consisting of the following 
factors: a NSM, no renal function decline, and no urologic com-
plications. Because controlling the cancer may be the most vi-
tal goal of oncologic surgery, achieving NSM is of utmost im-
portance. Furthermore, because of a decrease in renal function 
after PN, the resection volume of healthy tissue is also a critical 
factor for surgical success. Therefore, the width of the surgical 
margin may be a conflicting factor between successful cancer 
control and the preservation of renal function.

The development of surgical techniques has reduced the 
recommended margin width from the traditional threshold of 
1 cm to a few millimeters for tumor enucleation. A pilot study 
by Piper, et al.12 with 67 patients questioned the textbook con-
cept that the SMW has to be >1 cm in PN for effective cancer 
control. The authors concluded that an SMW >1 mm around 
the tumor may be adequate to prevent its recurrence. Further-
more, evidence from many studies supports the concept that 
tumor enucleation is also a reliable treatment option with fa-
vorable oncological outcomes and functional recovery com-
parable with that achieved using PN.8,13 However, research has 
also indicated that renal cell cancer with a diameter of 4–7 cm 
(T1b stage) may have extra pseudo-capsular cancer located 
within 3 mm of the primary tumor.14 Despite the current trend 
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Fig. 1. Kaplan-Meier curve for recurrence-free survival for all groups. NSM, 
negative surgical margin; PSM, positive surgical margin; SMW, surgical 
margin width.

Table 3. Univariate and Multivariate Analyses of Factors Associated with Recurrence

Variables
Univariate Multivariate*

HR (95% CI) p value HR (95% CI) p value
Age 1.07 (1.02–1.12) 0.002† 1.06 (1.01–1.11) 0.009†

Sex
Female 1 (Ref) 0.305
Male 1.92 (0.55–6.69)

Fuhrman grade 0.373
Low (1 and 2) 1 (Ref)
High (3 and 4) 1.57 (0.58–4.21)

Tumor histology
Clear cell 1 (Ref)
Papillary 1.51 (0.35–6.61) 0.584
Chromophobe Not applicable
Other Not applicable

Tumor stage
T1a 1 (Ref) 1 (Ref)
≥T1b 6.56 (1.39–30.92) 0.017† 5.60 (2.10–14.91) <0.001†

Margin status
NSM (SMW ≥1 mm) 1 (Ref) 1 (Ref)
NSM (SMW <1 mm) 1.41 (0.36–5.46) 0.619 1.33 (0.34–5.15) 0.680
PSM 12.94 (4.54–36.90) <0.001† 8.03 (2.74–23.56) <0.001†

CI, confidence interval; HR, hazard ratio; NSM, negative surgical margin; PSM, positive surgical margin; SMW, surgical margin width; Ref, reference.
*Significant variables in the univariate analysis were included in the multivariate model, †p<0.05.
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towards narrower surgical margins, there is still no consensus 
regarding their safety range. To date, the recommended SMW 
of >1 mm for preventing recurrence has remained the narrow-
est margin investigated.

Although disputed in literature, PSM should be avoided in 
PN. In a large study population of 2256 patients, Wood, et al.15 
established that recurrence after PN is associated with PSM 
and higher pathologic stage. However, some studies have re-
ported a different relationship between PSM after PN and tu-
mor recurrence. For example, Bensalah, et al.16 reported that 
although PSM after PN showed a trend towards being associ-
ated with local recurrence, the association was not statistically 
significant, and PSM did not influence cancer-specific surviv-
al in their study. Nonetheless, several authors have asserted 
that even if PSM after PN does not influence recurrence, vigi-
lant follow up is mandatory.17,18 This follow up requires addi-
tional and repeated examinations; the burden of the additional 
medical costs is borne by the patient, and these procedures 
can be stressful for both the surgeon and the patient. Thus, all 
possible efforts should be made to avoid PSM.

In our study, the incidence of PSM was 5.8%, which was not 
significantly different from that reported in previous studies.19,20 
Patients with PSM had a significantly higher T stage disease 
and presented with the chromophobe type of RCC more fre-
quently than those with an NSM. This significant intergroup 
difference in the frequency of this RCC type may stem from in-
nate characteristic of being large in size at the initial diagnosis.21 
The recurrence rate was higher in patients with PSM than in 
those with SMW ≥1 mm and <1 mm. In our multivariate anal-
ysis, both tumor stage ≥T1b and PSM were strong prognostica-
tors of cancer recurrence. Individuals with an SMW <1 mm also 
tended to exhibit a higher HR for recurrence than those with 
an SMW ≥1 mm. However, the observed difference was not sta-
tistically significant, and the HR value in the group with an SMW 
<1 mm was not comparable with that determined for the PSM 
group (HR: 1.33 vs. 8.03). Although, there were no statistical 
difference in clinical and pathological characteristics between 
the SMW ≥1 mm and SMW <1 mm groups, it can be assumed 
that factors that were not include in this study, such as tumor 
location or method of surgery, may have affected the difference 
in HRs. Long-term follow-up studies should be conducted in 
the future to examine the effects of an SMW <1 mm or differ-
ent surgical methods on recurrence or survival.

Our study has several strengths worth noting. First, the mean 
follow-up period was 58 months, which is longer than that re-
ported in previous studies, and thus, provides a better under-
standing of the effects of PSM on recurrence. Second, although 
there are many studies on PSM, to the best of our knowledge, 
none have suggested that an SMW <1 mm may be safe. Third, 
our study confirms that if NSM can be achieved, tumor enu-
cleation, which usually results in a narrow surgical margin, is a 
safe operation method. Fourth, our single-institutional cohort 
ensures data uniformity.

Several limitations of our study should also be mentioned. 
First, as this was a retrospective study, there is a possibility of 
selection bias and information inaccuracy. Second, although 
recurrence was analyzed, cancer-specific survival and overall 
survival were not. An analysis of survival might have provided 
more in-depth results on the influence PSM has on recurrence. 
Third, we did not consider the tumor location, identity of the 
surgeon, and method of surgery, all of which may have affect-
ed the findings. Fourth, according to the literature, there is no 
difference in cancer control between RN and PN. However, 
because we did not compare RN and tumor enucleation, fur-
ther evaluation is needed regarding their effects on recurrence.

In conclusion, our study shows that PSM resulting from PN 
increases the risk of recurrence in patients with RCC. More-
over, we demonstrate that a surgical margin in the sub-milli-
meter range may be adequate for preventing recurrence. To 
maximize normal renal parenchyma preservation and to avoid 
cancer recurrence in renal parenchymal tumor patients, PN 
may be a safe treatment, except in instances of PSM in the final 
pathology. To substantiate our findings, additional large-scale 
long-term studies are required. 
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