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Comparison of 5-Year Outcomes of Robot-Assisted 
Laparoscopic and Laparoscopic Partial Nephrectomy 
in Patients With Localized Renal Cell Carcinoma
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Purpose: To compare the 5-year oncologic and functional outcomes of robot-assisted laparoscopic partial 
nephrectomy (RALPN) and laparoscopic partial nephrectomy (LPN) as treatment for localized renal cell carcinoma 
(RCC).
Materials and Methods: We analyzed the records of 181 patients with localized RCC who underwent RALPN 
(n=97) or LPN (n=84) between 2007 and 2011. Demographic and preoperative data with estimated glomerular 
filtration rate (eGFR), intraoperative data including warm ischemic time (WIT) and complications, oncologic 
outcomes (recurrence, metastasis), and rate of eGFR preservation at most recent follow-up were examined.
Results: WIT was shorter in the RALPN group (27±9.1 minutes) than the LPN group (31±10 minutes, p=0.019). 
Intraoperative complication rates were also lower in RALPN patients than LPN patients (4.1% vs. 14.3%). The 
eGFR preservation rate was higher in the RALPN group (84.6%) than in the LPN group (81.5%, p=0.049). 
Particularly, a relatively high difference in the eGFR preservation rate was observed in the RALPN group compared 
with the LPN group according to R.E.N.A.L. score 7–10 values (RALPN, 86.5±12.9 vs. LPN, 76.7±16.0; p=0.003). 
During the follow-up period, there was no local recurrence in either group and distant metastases only occurred 
in one patient in the RALPN group and in 2 patients in the LPN group.
Conclusions: RALPN and LPN showed similar 5-year oncologic outcomes, but RALPN was superior to LPN 
in terms of WIT, intraoperative complications, and long-term eGFR preservation rate, especially in complex cases. 
(Korean J Urol Oncol 2017;15:172-177)
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INTRODUCTION

There is a recent increase in the development of imaging 

techniques and health screening systems for detection of small 

renal masses (SRM). Surgery remains the main treatment op-

tion for SRM and partial nephrectomy is currently the standard 

treatment for SRM, replacing the formerly common neph-

ron-sparing surgery (NSS).1

The decrease in the number of conventional open partial 
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nephrectomies (OPNs) performed is due to an increase in the 

number of laparoscopic partial nephrectomies (LPNs), which is 

a minimally invasive surgery. However, patients’ physical char-

acteristics, such as the size, position, and structure of the kid-

neys, as well as the physician’s experience level, can limit the 

efficacy of LPN.

Recently, robot-assisted LPN (RALPN) has replaced LPN 

because it allows for more ergonomic movement and offers eas-

ier suturing technologies.2,3 Also, it is widely known that 

RALPN yields better surgical outcomes than LPN.4,5

There are a number of reports on the oncological and func-

tional outcomes during 3 years of observation after RPN, but 

there are few reports on the long-term outcomes (e.g., ＞5 

years) associated with RPN.6-8 Furthermore, there are even few-

er comparative studies of the oncological and functional out-

comes from RPN and LPN after 5 years of observation.

Herein, we aimed to compare the oncological and functional 

outcomes of RALPN and LPN over 5 years of postsurgery fol-

low-up.

MATERIALS AND METHODS

We retrospectively reviewed clinical data from 112 renal cell 

cancer (RCC) patients who underwent RALPN and 95 patients 

who underwent LPN at Samsung Medical Center by single sur-

geon (S.I.S) from October 2007 to December 2012. After ex-

cluding 26 patients for having bilateral RCC or incomplete clin-

ical data, a total of 181 patients were finally included in this 

study.

Age at the time of surgery, sex, body mass index, pre-

operative estimated glomerular filtration rate (eGFR), tumor 

size, American Society of Anesthesiologists physical status 

classification grade, R.E.N.A.L. nephrometry score,9 and dieth-

ylene tetramine penta-acetic acid (DTPA) kidney scan for 

measuring differential renal function were included as demo-

graphic data and preoperative variables.

We calculated eGFR using the Modification of Diet Renal 

Disease Study Group formula.10 Tumor size was measured us-

ing the largest tumor diameter following the axis on the com-

puted tomography (CT) scan, and tumor complexity was de-

termined by the R.E.N.A.L. score. Renal volume was measured 

by 3D support system (Xelis, Infinitt, Seoul, Korea) and renal 

volume preservation rate was presented as percentage by divid-

ing the recently measured volume of the kidney by the volume 

of the preoperative kidney.

Estimated blood loss (EBL), warm ischemia time (WIT), and 

length of hospital stay were included as perioperative and post-

operative variables. Complications after surgery were classified 

using the Clavien-Dindo classification system.11

Tumor tissue pathology was based on the 2004 World Health 

Organization criteria;12 nuclear grade classification followed the 

Fuhrman scheme; and clinical stage were based on the 2010 

American Joint Committee of Cancer Staging Manual, seventh 

edition.13 The surgeon selected the route of surgical approach 

(e.g., transperitoneal, retroperitoneal) according to tumor posi-

tion, size, and structure.

We followed-up with patients 1, 3, 6, and 12 months after 

surgery, and then annually thereafter. Evaluation after surgery 

was conducted through routine laboratory tests at an outpatient 

department. e-GFR was recorded as part of routine laboratory 

tests at every follow-up visit and DTPA scans were taken 3 

or 6 months and 12 months postsurgery and, if necessary, annu-

ally thereafter. Recurrence and metastasis were evaluated via 

CT scanning 6 months and 12 months after surgery, and annu-

ally thereafter.

This study was approved by the Institutional Review Board 

of Samsung Medical Center (approval number: 2017-10-117).

To compare clinicopathological characteristics of the 2 

groups, Mann-Whitney U-tests were conducted for continuous 

variables and chi-square tests was conducted for categorical 

variables. Data are reported as means and standard deviations 

or medians and interquartile range (IQR) for continuous varia-

bles and as absolute values and percentages for categorical 

variables. Kaplan-Meier survival analysis was used to estimate 

disease-free survival and the log-rank test was used to de-

termine the statistical significance of survival differences be-

tween the 2 groups. Values of p＜0.05 were considered statisti-

cally significant. IBM SPSS Statistics ver. 20.0 (IBM Co., 

Armonk, NY, USA) was used for all statistical analyses.

RESULTS

We analyzed 97 patients who underwent RALPN and 84 pa-

tients underwent LPN to treat localized RCC. Table 1 shows 

the baseline clinicopathological characteristics of the patients. 

Notably, there were no significant differences in baseline char-

acteristics between the 2 groups.

As shown in Table 2, there were no significant differences 
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Table 2. Perioperative, postoperative, and pathologic data

Variable RALPN LPN p‐value

Intraoperative outcomes

Operation time (min)

WIT (min)

EBL (mL)

Intraoperative complications (Clavien‐Dindo classification grade≥II)

  Blood transfusion

  Ureteric injury

  Adjacent organ injury

  Conversion to RN 

  Conversion to HALS‐PN

Postoperative complications (Clavien‐Dindo classification grade)

  II

  III

LOS (day) 

Positive surgical margin

Follow‐up (mo)

Histopathology

  Clear cell RCC

  Papillary RCC

  Chromophobe RCC

  Others

Recurrence

Metastasis

 

240±82

27±9.1

216±169

4 (4.1)

1 (1.0)

0 (0)

1 (1.0)

1 (1.0)

1 (1.0)

7 (7.2)

7 (7.2)

0 (0)

7 (7–7)

0 (0)

60.2 (52.9–66.7)

 

78 (80.4)

9 (9.3)

9 (9.3)

1 (1.0)

0 (0)

1 (1.0)

 

200±72

31±10

195±173

12 (14.3)

1 (1.2)

1 (1.2)

3 (3.6)

3 (3.6)

4 (4.8)

5 (6.0)

1 (1.2)

4 (4.8)

7 (7–8)

1 (1.2)

63.5 (54.9–76.4)

 

73 (86.9)

4 (4.8)

4 (4.8)

3 (3.6)

0 (0)

2 (2.4)

 

＜0.001

0.019

0.417

 

0.016

 

 

 

 

 

0.733

 

0.826

0.464

0.127

 

0.271

 

 

 

 

0.598

Values are presented as mean±standard deviation, number (%), or median (interquartile range).

RALPN: robotic‐assisted laparoscopic partial nephrectomy, LPN: laparoscopic partial nephrectomy, WIT: warm ischemic time, EBL: 

estimated blood loss, RN: radical nephrectomy, HALS‐PN: hand‐assisted laparoscopic partial nephrectomy, LOS: length of stay, RCC: 

renal‐cell carcinoma.

Table 1. Demographic and preoperative data for patients undergoing 

robotic‐assisted laparoscopic partial nephrectomy (RALPN) or 

laparoscopic partial nephrectomy (LPN)

Variable
RALPN 

(n=97)

LPN 

(n=84)
p‐value

Sex

  Male

  Female

Age (yr)

Body mass index (kg/m
2)

Preoperative eGFR

Tumor size (cm)

ASA PS classification grade

R.E.N.A.L. score

  4–6

  7–10

Clinical stage

  T1a

  T1b

 

69 (71.1)

28 (28.9)

51.5±11.4

24.6±3.0

88.6±15.6

2.7±0.9

1.5±0.5

6 (5–8)

54 (55.7)

43 (44.3)

 

86 (88.7)

11 (11.3)

 

52 (61.9)

32 (38.1)

53.3±11.9

25.2±3.6

87.6±19.9

2.4±1.1

1.5±0.6

6 (5–8)

47 (56.0)

37 (44.0)

 

79 (94.0)

5 (6.0)

 

0.188

 

0.298

0.217

0.810

0.140

0.367

0.779

0.970

 

 

0.203

 

Values are presented as number (%), mean±standard deviation, or 

median (interquartile range).

e‐GFR: estimated glomerular filtration rate, ASA PS: American 

Society of Anesthesiologists physical status.

in EBL, length of hospital stay, or positive surgical margin 

rates between the 2 groups. Interestingly, while the mean oper-

ative time was longer in the RALPN group (270±82 minutes) 

than in the LPN group (200±72 minutes, p＜0.001), WIT was 

significantly shorter in patients who underwent RALPN than in 

those who underwent LPN (RALPN, 27±9.1 minutes vs. LPN, 

31±10 minutes, p=0.019). Furthermore, patients who underwent 

RALPN exhibited fewer intraoperative complications than pa-

tients who underwent LPN (RALPN, 4.1% vs. LPN, 14.3%, 

p=0.016). However, there were no differences in the post-

operative complication rates between the 2 groups.

The median follow-up duration was 60.2 months (IQR, 52.9–
55.7 months) for RALPN patients and 63.5 months (IQR, 54.9–
76.4 months) for LPN patients. During the follow-up time, 

there were no local recurrences in either patient group and only 

3 cases developed distant metastases, 1 in the RALPN group 

and 2 in the LPN group.

Additionally, the 5-year cancer-free survival (CFS) rate was 
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Table 4. Intraoperative outcomes, postoperative complications, and eGRF preservation in RALPN and LPN patients according to 

R.E.N.A.L. score

Variable

R.E.N.A.L. score 4–6 (n=101) R.E.N.A.L. score 7–10 (n=80)

RALPN 

(n=54)
LPN (n=47) p‐value

RALPN 

(n=43)
LPN (n=37) p‐value

Intraoperative outcomes

Operation time (min)

Warm ischemic time (min)

Estimated blood loss (mL)

Postoperative complications (Clavien‐Dindo classification grade)

  II

  III

eGFR preservation at most recent follow‐up (%)

 

240.6±82.9

26.3±9.2

213.3±184.0

 3 (5.6)

 3 (5.6)

0 (0)

87.2±14.1

 

192.0±61.7

29.5±10.8

190.0±187.8

 3 (6.4)

 1 (2.1)

 2 (4.3)

86.9±17.1

 

0.001

0.106

0.531

 

 

 

0.906

 

239.6±82.9

29.5±8.9

220.5±151.3

 4 (9.3)

 4 (9.3)

0 (0)

86.5±12.9

 

211.9±83.9

33.5±10.4

203.0±155.2

 2 (5.4)

0 (0)

 2 (5.4)

76.7±16.0

 

0.143

0.077

0.612

 

 

 

0.003

Values are presented as mean±standard deviation or number (%).

eGFR: estimated glomerular filtration rate, RALPN: robotic‐assisted laparoscopic partial nephrectomy, LPN: laparoscopic partial 

nephrectomy.

Table 3. Postoperative renal functional outcomes

Variable RALPN LPN p‐value

Preoperative eGFR (%)

Volume preservation of operated kidney after 1 year (%)

eGFR preservation at most recent follow‐up (%)

Postoperative progression to CKD III‐V

87.1 (80–95.5)

79.2 (71.0–85.9)

84.6 (78.2–95.1)

10 (10.3)

89.2 (73.8–99.6)

77.1 (71.0–85.8)

81.5 (73.9–89.4)

14 (16.7)

0.810

0.685

0.049

0.208

Values are presented as median (interquartile range) or number (%).

RALPN: robotic‐assisted laparoscopic partial nephrectomy, LPN: laparoscopic partial nephrectomy, eGFR: estimated glomerular filtration 

rate, CKD: chronic kidney disease.

Fig. 1. Kaplan-Meier analysis for estimating cancer-free survival 

for patients underwent robot-assisted laparoscopic partial 

nephrectomy (RALPN) and laparoscopic partial nephrectomy 

(LPN), respectively, for treating localized renal cell carcinoma.

98.9% (95% confidence interval [CI], 96.9%–99.9%) among 

RALPN patients and 98.7% (95% CI, 96.2%–99.2%) among 

LPN patients (Fig. 1); these rates were not statistically different.

Regarding functional outcomes, eGFR preservation rates 

measured at last follow-up appointment were significantly high-

er among RALPN than LPN patients (RALPN, 84.6% vs. LPN, 

81.5%, p=0.049). However, there was no difference in percent-

age volume of preservation among the operated kidneys or in 

progression to chronic kidney disease III–V 1 year after surgery 

(Table 3).

When we performed subgroup analyses on the patients for 

whom we had R.E.N.A.L. scores, we found no statistical differ-

ences in intraoperative outcomes, with the exception of oper-

ation time among patients with R.E.N.A.L. score values 4–6 

(RALPN, 240.6±82.9 vs. LPN, 192.0±61.7; p=0.001). In partic-

ular, eGFR preservation rates measured at the last follow-up 

point among patients with R.E.N.A.L. score values 4–6 (low 

complexity) were not significantly different from those in pa-

tients with R.E.N.A.L. score values 7–10 (moderate to high 

complexity). eGFR preservation rates measured at the last fol-

low-up point were significantly higher among the RALPN pa-

tients than in the LPN patients (RALPN, 86.5±12.9 vs. LPN, 
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76.7±16.0; p=0.003) (Table 4).

DISCUSSION

Recently, minimally invasive partial nephrectomy has be-

come the standard surgical treatment for SRM,1 and compar-

isons between the outcomes from partial nephrectomy and ordi-

nary surgery are receiving a lot of attention. Long-term onco-

logical and functional outcomes from OPN and LPN are well 

established14-17 but the long-term oncological and functional 

outcomes from RALPN and comparisons between RALPN and 

LPN have not been reported. This is the first study from South 

Korea to compare the long-term oncological and functional out-

comes of RALPN and LPN.

Most of the patients in this study had stage T1a (RALPN, 

86 [88.7%] vs. LPN, 79 [94.0%]; p=0.203), and the complexity 

of their tumors according to their R.E.N.A.L. score was gen-

erally low (RALPN, 6 vs. LPN, 6, p=0.779) because this study 

was performed by a surgeon with relatively little experience 

with the technique. According to Reddy et al.,18 the R.E.N.A.L. 

score allows physicians to predict the incidence of complica-

tions and renal function after PN. Accordingly, both groups’ 

scores are considered good.

Although the operation time was longer for RALPN 

(RALPN, 240±82 minutes vs. LPN, 200±72 minutes, p

＜0.001), intraoperative complications occurred more fre-

quently in LPN patients (RALPN, 4 [4.1%] vs. LPN, 12 

[14.3%], p=0.016). We assumed that the longer operation time 

in RALPN is result from time of docking and dedocking of 

robot system. If the operation time in RALPN was measured 

by console time only, it would be same or shorter than time 

of LPN. However, there were no surgery-related life-threatening 

side effects (Clavien-Dindo classification grade IV, V) in either 

group. We found that RALPN was more effective than LPN 

in terms of complication incidence.

According to Khalifeh et al.,7 RALPN yielded a 3-year over-

all survival (OS) of 97.0%, a cancer-specific survival (CSS) of 

99.0%, and a CFS of 97.0%. Andrade et al.8 reported an OS 

of 91.1%, a CSS of 97.8%, and a CFS of 97.8% after 5 years. 

We achieved a CFS of 98.9% after 5 years for the RALPN 

patients, which demonstrates the oncological effectiveness of 

RALPN and this outcome is comparable to the CFS of 98.7% 

after 5 years for the LPN patients.

Khalifeh et al.7 reported a preoperative GFR of 88.2±0.8 

mL/min/1.73 m2 and a most-recent postoperative GFR of 

80±24 mL/min/1.73 m2, with an 8%±17.4% change after 

RALPN for a 3-year follow-up period. According to Kim et 

al.,19 eGFR recovered to 95.2% of the preoperative level 5 years 

postoperatively in RALPN patients and 92.6% in LPN patients. 

In this study, the percentage of eGFR preservation at final 

tracking was 84.6% in RALPN patients and 81.5% in LPN 

patients. We confirmed that RALPN yields superior results for 

eGFR preservation. We further found that WIT is the main fac-

tor associated with preserving renal function because WIT in 

RALPN patients is shorter than in LPN patients (RPN, 27±9.1 

minutes vs. LPN, 31±10 minutes; p=0.019), and volume preser-

vation is not meaningful. This is in accordance with results of 

a study by Bessede et al.20 that showed that time clamping tech-

niques were associated with preservation of renal function in 

NSS; however, our results also contradict a study by Ginzburg 

et al.21 that found that residual functional parenchymal volume 

was the main predictor of ultimate renal function after NSS. 

Furthermore, we showed that RALPN yielded superior renal 

function preservation for patients with intermediate to high 

R.E.N.A.L. scores (7–10; RALPN, 86.5±12.9 vs. LPN, 

76.7±16.0, p=0.003). These findings may further indicate that 

RALPN is even more beneficial for complex cases. 

Because this is a retrospective study, the value of our find-

ings is limited by possible selection biases and because we 

could not control or match between the groups. The impact of 

our results is further limited by the small sample size and be-

cause the study was conducted by a single researcher at a single 

institution. Especially, in case of DTPA, data is not sufficient 

for statistical analysis due to the substantial amount of missing 

data. However, our results are based on 5 years of observations 

of RALPN patients and this is the first study to compare 

RALPN and LPN.

The lack of local recurrence and death among our patients 

is probably due to the selection of patients, the sample size, 

and the observation period, and could be different in a study 

with more patients and a longer observation period.

CONCLUSIONS

In summary, RALPN yielded similar oncological and better 

functional long-term outcomes than LPN. Particularly, eGFR 

preservation was significantly superior in patients with complex 

cases who underwent RALPN than those who were treated with 
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LPN. Our data suggest that RALPN can be a primary option 

for surgical treatment of SRM.
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