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ABSTRACT
Introduction: Rapid adoption of robotics has introduced a 

paradigm change in prostate cancer treatment, with more than 
80% of prostatectomies performed robotically in 2015. For treat-
ment of renal cell carcinoma (RCC), this change has not previously 
been reported. We evaluated trends in surgical management of 
RCC in Kaiser Permanente Southern California (KPSC) within the 
last 16 years, especially after adoption of robotics. 

Methods: From January 1999 to September 2015, all KPSC 
members who underwent surgical treatment of suspected RCC 
were included retrospectively. Surgical approach, patient age, 
sex, clinicopathology, Charlson Comorbidity Index, and chronic 
kidney disease status were analyzed using robust Poisson mul-
tivariate regression.

Results: The study included 5237 patients. Partial nephrec-
tomy was increasingly used during the study period, and its 
use surpassed radical nephrectomy in 2012. In a multivariate 
model, partial nephrectomy was associated with lower pathologic 
tumor stage (p < 0.001) and lower Charlson Comorbidity Index 
(p = 0.004) vs radical nephrectomy. Robot-assisted laparoscopic 
partial nephrectomy (RALPN) started in KPSC in March 2011, 
and its relative use among all RCC surgeries increased in the 
following 3 years by 125%, 45%, and 14%. Laparoscopic partial 
nephrectomy and laparoscopic radical nephrectomy were the 
most frequently used surgical approaches for localized RCC when 
RALPN started in 2011. However, RALPN surpassed laparoscopic 
partial nephrectomy and laparoscopic radical nephrectomy in 
2012 and 2014, respectively. 

Conclusion: During our study, partial nephrectomy became 
the most common surgery for treatment of localized RCC. Since 
2014, RALPN has become the most common renal oncologic 
surgical modality in KPSC.

INTRODUCTION
Renal cell carcinoma (RCC) is among the 10 most common 

cancers in both men and women (> 60,000 new cases per year, 
lifetime risk approximately 1.6%), with RCC comprising approxi-
mately 9 of 10 kidney cancers.1 Although radical nephrectomy 
was the standard of care in the past, the increased use of partial 
nephrectomy (PN) has correlated with the increased incidence 
of T1 renal masses owing to earlier detection.2,3 Current man-
agement options for patients with renal masses include surgery 
(radical nephrectomy or PN), ablative therapy (cryoablation and 
radiofrequency ablation), and active surveillance. The American 
Urological Association Practice Guidelines released in Novem-
ber 2009 recommended consideration of PN as a standard of 
treatment of small renal masses.4 The 2017 guidelines on local-
ized RCC suggested that urologists should prioritize PN as the 
preferred surgical treatment of clinical T1a renal masses (< 4 cm) 
to minimize the risk of chronic kidney disease.5 Rates of active 

surveillance, as well as minimally invasive ablative techniques, 
have also increased, particularly in the elderly population.6 Ex-
tensive studies highlighting the use of each surgical modality in 
the 21st century have shown PN to have equivalent oncologic 
outcomes to radical nephrectomy, even for patients with larger 
T2 tumors, with the advantage of preserving nephrons and 
maximizing postoperative renal function.7,8 Furthermore, PN is 
being performed in patients with complex tumors, particularly 
at academic and high-volume centers.9

The emergence of robotics in urologic surgery has resulted in 
a paradigm shift in prostate cancer management, with more than 
80% of all prostatectomies for prostate cancer being performed 
robotically in recent years.10 To our knowledge, this trend has 
not been described for RCC. Robot-assisted laparoscopic partial 
nephrectomy (RALPN) has been shown to have oncologic and 
functional outcomes similar to open partial nephrectomy (OPN), 
with improved perioperative outcomes and significantly fewer 
perioperative complications compared with a laparoscopic ap-
proach, even in those with complex renal tumors.11,12 We hereby 
include 16 years of trends in surgical management of RCC, with 
particular attention to the changes after introduction of robotics 
in our integrated health care system, Kaiser Permanente Southern 
California (KPSC). 

METHODS
Consisting of 14 Medical Centers and hundreds of adja-

cent outpatient offices serving more than 4.2 million patients, 
KPSC has a racial and socioeconomic diversity reflective of 
the population of Southern California. 

We performed an institutional review board-approved 
multicenter retrospective review of patients who underwent 
treatment of suspected RCC in our health care system from 
January 1999 to September 2015. The following treatment 
modalities were included in the final analysis: Open radical 
nephrectomy (ORN) and laparoscopic radical nephrectomy 
(LRN), OPN, laparoscopic partial nephrectomy (LPN), 
RALPN, and thermal ablation.

Four KPSC Medical Centers have a Da Vinci Surgical Sys-
tem (Intuitive Surgical, Sunnyvale, CA), and a core group of 
22 robotic surgeons had experience with at least 100 robotic 
cases before receiving robotic privileges. This group of surgeons 
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also serves as the privileging body for all approved robotic 
procedures for KPSC. In March 2011 RALPN was approved 
in KPSC. All patients age 18 years or older who underwent 
treatment of suspected localized RCC were included in our 
study. They were identified using the cancer registry as well as 
our electronic medical records. International Classification of 
Diseases, Ninth Revision and Current Procedural Terminol-
ogy codes were used to extract patient clinicopathologic data 
as well as treatment modality. This included patient age, race, 
sex, Charlson Comorbidity Index (CCI), preoperative chronic 
kidney disease Stage 3 or later (defined as estimated glomeru-
lar filtration rate < 60 mL/min/1.73 m2, calculated using the 
modification of diet in renal disease equation13), hypertension, 
diabetes, tumor size as defined by pathologic T stage, and the 
year surgery was performed. Patients with locoregionally ad-
vanced disease, those who underwent multivisceral resection, 
as well as those who underwent renal surgery for nononcologic 
indications, were excluded from the analysis. Table 1 shows all 
exclusionary criteria.

We plotted descriptive trends of PN, radical nephrectomy, 
and ablations as a percentage of total surgeries for the entire 
study period. Additionally, we plotted trends for RALPN vs 
other treatment modalities beginning in 2008, when more de-
tails about specific treatment modalities beyond simply PN or 
radical nephrectomy became available in our electronic medical 
databases. We investigated factors associated with the use of 
PN vs radical nephrectomy from 2009 (the year of release of 

the new American Urological Association guidelines on man-
agement of small renal masses) to 2015 using χ2 and analysis 
of variance statistical tests as well as multivariate analysis. A 
separate subanalysis using similar methods was performed 
looking at PN performed from 2011 to 2015, after RALPN 
was approved in our system, to examine factors associated with 
minimally invasive (RALPN or LPN) vs open approach. Of 
note, radical nephrectomy is not approved as a routine proce-
dure on the robotic platform. Multivariate analyses used robust 
Poisson regression, which included quadratic time trends and 

Table 1. Exclusionary criteria
Criterion No. excluded
Ureteral tumor 150
Nephroureterectomy 181
Splenectomy 4
Hepatic resection 14
Pancreatic resection 21
Bowel or colon resection 92
Thrombectomy 96
Donor nephrectomy 1
Acute or chronic pyelonephritis 66
Renal or perinephric abscess 40
Polycystic kidney disease 49
Renal laceration or disruption of renal parenchyma 3

Figure 1. Patient cohort sizes
AUA = American Urological Association; LPN = laparoscopic partial nephrectomy; OPN = open partial nephrectomy; PN = partial nephrectomy; RALPN = robot-assisted laparoscopic 
partial nephrectomy; RN = radical nephrectomy.
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included all covariates previously mentioned. All p values were 
based on 2-sided tests of significance, with statistical signifi-
cance set at p < 0.05.

RESULTS
A total of 717 patients were excluded from our study because 

of potential confounding diagnoses or concomitant surgery 
(Table 1). The flowsheet in Figure 1 explains how the size of each 
cohort was determined. The total number of radical nephrec-
tomy, PN, and ablative procedures performed in the remaining 
5237 patients are depicted in Figure 2, which highlights the 
increased use of nephron-sparing surgery from 1999 through 
2014. PN was increasingly performed during the study period; 
the percentage of all RCC patients undergoing PN increased 
yearly from 2009 to 2013. Given that data were not collected 
for the full calendar year of 2015, that last year of the study 
period was omitted from Figure 2. Because of medical and pro-
cedural coding changes in 2008, we were unable to accurately 
assess the surgical approach (laparoscopic vs open) for a large 
portion of PNs (60.5%, 290 of 479) and radical nephrectomies 
(61.4%, 979 of 1592) performed from 1999 to 2007. Thus, the 
graphic presentation of specific surgical approach focuses on 
3163 patients treated from 2008 to 2015. 

The percentage of each surgical approach as a total of all 
treatment modalities per year is shown in Figure 3. In March 
2011, RALPN was approved by our robotics committee, and in 
the following 3 years its use increased per year by 125% (2012), 
45% (2013), and 14% (2014). When RALPN was approved in 
2011, LPN and LRN were the most frequently used surgical 
approaches for localized RCC. However, RALPN surpassed 
LPN and LRN in 2012 and 2014, respectively. Nephron-
sparing surgery was increasingly performed throughout the 
study period, with PN accounting for 33.6% of surgeries in 
2007 to 2009, compared with 48.6% of surgeries in 2010 to 
2013 (p < 0.001). 

We performed a subanalysis comparing factors associated 
with the use of PN and radical nephrectomy from 2009 to 2015. 
Neither race (p = 0.369) nor sex (p = 0.105) was associated with 
nephron-sparing surgery in univariate or multivariate analyses. 
Patients undergoing radical nephrectomy were more likely to 
have preoperative chronic kidney disease Stage 3 or later (22.5% 
radical nephrectomy vs 17.6% PN, p = 0.003) in univariate analysis, 
but significance was removed in the multivariate analysis once other 
covariates were included in the model. Higher pathologic T stage 
was associated with the use of radical nephrectomy (p < 0.001) in 
the univariate and multivariate analyses. Patients with pathologic 
T3 tumors were 69% less likely to have received PN (relative risk 
[RR] = 0.31, 95% confidence interval [CI] = 0.25-0.38, p < 0.001] 
compared with those with T1 (< 7-cm) tumors. Patients with T2 
tumors were 86% less likely to have undergone PN (RR = 0.14, 
95% CI = 0.10-0.20, p < 0.001) than those with T1 tumors. Re-
cipients of PN had a slightly younger median age at diagnosis 
compared with radical nephrectomy recipients (60 vs 63 years old, 
p < 0.001) in univariate analysis, and this remained significant in 
the multivariate analysis. Hypertension was associated with the 
use of radical nephrectomy, although this lost significance in the 
multivariate analysis. In univariate and multivariate models, a 
higher CCI score (p = 0.004) was associated with the use of 
radical nephrectomy (Table 2).

In our analysis comparing use of minimally invasive PN 
(LPN or RALPN) with OPN from 2011 to 2015, after ap-
proval of RALPN, we found those undergoing surgery in later 
years were more likely to receive a minimally invasive approach 
(p = 0.001). In the univariate analysis, higher T stage (p = 0.04) 
and CCI score (p = 0.001), as well as hypertension (p = 0.031), 
were associated with an open approach, but these associations 
did not remain in the multivariate analysis. There were similar 
findings when we excluded LPN and compared only RALPN 
vs OPN during this same period. Certain races were more likely 
to receive a minimally invasive approach on univariate analysis. 

Figure 2. Trends in treatment modality (1999-2014)
PN = partial nephrectomy; RN = radical nephrectomy.

Figure 3. Trends in treatment modality before and after introduction of robotic 
approach (2008-2015)
LPN = laparoscopic partial nephrectomy; LRN = laparoscopic radical nephrectomy; 
OPN = open partial nephrectomy; ORN = open radical nephrectomy; RALPN = robot-
assisted laparoscopic partial nephrectomy.
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This was shown in the multivariate analysis, as Asians (RR = 1.1, 
95% CI = 1.05-1.21, p = 0.001) and Hispanics (RR = 1.1, 95% 
CI = 1.01-1.13, p = 0.028) were more likely to undergo minimally 
invasive PN than were whites (Table 3).

DISCUSSION
During the past decade, PN has become the standard treat-

ment for most patients with T1 renal masses.4,5 In our study of 
patients with suspected localized RCC, nephron-sparing surgery 
has overtaken rates of radical nephrectomy beginning in 2012 
as depicted in Figure 2. The adoption of the robotic platform 
has resulted in a paradigm shift in the surgical management of 
RCC at KPSC, with RALPN becoming the most common type 
of oncologic renal surgery performed in 2014. Our study serves 

to highlight trends in the surgical approach to RCC within an 
integrated health care system.

A growing body of evidence suggests that the percentage of 
renal parenchyma preserved during surgery is one of the most 
important modifiable factors predicting long-term renal func-
tional outcomes after surgical excision of the kidney.14,15 The 2017 
European Association of Urology Guidelines on RCC consider 
PN to be the treatment of choice for T1b (4 cm - 7 cm) RCC 
given the procedure’s similar oncologic outcomes and improved 
renal function, metabolic, and cardiovascular outcomes compared 
with radical nephrectomy.16 Recent studies have highlighted the 
increased use of PN, even in patients with T2 tumors.8 A recent 
population-based study of 1836 patients from Australia has shown 
an increased incidence of PN for treatment of T1 RCC from 2009 

Table 2. Partial nephrectomy (PN) vs radical nephrectomy (RN) (2009-2015)
 
 
Patient data

Univariate Multivariate
PN 

(n = 1277), no. (%)
RN 

(n = 1385), no. (%)
 

p valuea
 

RR (95% CI)
 

p valueb

Median age, years 60 63 < 0.001 0.99 (0.99- 0.99) < 0.001
Hypertension 808 (63.3) 951 (68.7) 0.003 1.06 (0.97- 1.15) 0.221
Diabetes 356 (27.9) 434 (31.3) 0.051 0.98 (0.89- 1.08) 0.665
Chronic kidney disease (CKD) stage
Preoperative CKD 1/2 971 (82.4) 1012 (77.5) 0.003 0.96 (0.85- 1.08) 0.528
Preoperative CKD 3+ 208 (17.6) 293 (22.5)
Cancer stage
T1 1153 (91.6) 720 (54.0) < 0.001 — —
T2 26 (2.1) 269 (20.2) 0.14 (0.10- 0.20) < 0.001
T3 80 (6.3) 344 (25.8) 0.31 (0.25- 0.38) < 0.001
Race/ethnicityc

White 630 (49.8) 697 (50.6) 0.369 — 0.066
Hispanic 405 (32.0) 413 (30.0) 0.96 (0.88- 1.04)
Black 139 (11.0) 176 (12.8) 0.84 (0.74- 0.96)
Asian 91 (7.2) 90 (6.5) 0.98 (0.85- 1.14)
Sex
Men 778 (60.9) 886 (64.0) 0.105 — —
Women 499 (39.1) 499 (36.0) 1.03 (0.96- 1.11) 0.421
Charlson Comorbidity Index (CCI)
CCI 0 229 (17.9) 132 (9.5) < 0.001 — 0.004
CCI 1 0.96 (0.82- 1.13)
CCI 2 760 (59.5) 780 (56.3) 0.85 (0.75- 0.96)
CCI 3 0.89 (0.77- 1.01)
CCI 4 0.87 (0.74- 1.02)
CCI ≥ 5 288 (22.6) 473 (34.2) 0.75 (0.64- 0.88)
Year of surgery
2009 130 (10.2) 238 (17.2) < 0.001 Adjusted for year of surgery; results not 

shown2010 165 (12.9) 234 (16.9)
2011 186 (14.6) 236 (17.0)
2012 229 (17.9) 209 (15.1)
2013 241 (18.9) 188 (13.6)
2014 226 (17.7) 191 (13.8)
a χ2 tests for independence were used for categorical variables; Wilcoxon rank sum test were used for continuous variables. Boldface values are statistically significant.
b Based on likelihood ratio statistic. Boldface values are statistically significant.
c Numbers for race/ethnicity do not sum to 100 because there were insufficient numbers to include those.
CI = confidence interval; RR = relative risk.
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to 2013.17 This was consistent with our finding of steadily increas-
ing use of PN in our study of 5237 patients from 1999 to 2014 
(Figure 2). We also demonstrated that patients undergoing PN in 
recent years had a younger median age at diagnosis than did those 
undergoing radical nephrectomy (Table 2). This difference may be 
attributable to the fact that younger patients are generally healthier 
and therefore more capable of tolerating the increased morbidity 
associated with PN. Additionally, there is likely more of an attempt 
to preserve nephrons in the younger patient. 

Robotic technology and its applications to urologic surgery 
continue to advance, and its feasibility in advanced tumors, in-
cluding those necessitating inferior vena cava tumor thrombec-
tomy, is under investigation.18 Although randomized controlled 
trial data have yet to prove the oncologic efficacy of RALPN, 
initial oncologic outcomes after RALPN appear to be comparable 
to OPN, with improved perioperative outcomes. A recent study 

of 110 patients who underwent RALPN, with a median tumor 
size of 2.6 cm and follow-up of 62 months, demonstrated 5-year 
overall survival and recurrence-free survival of 91.% and 97.8%, 
respectively.19 Perioperative outcomes for our patient population 
are described in a previous study by Banapour et al,12 who com-
pared 862 patients who underwent RALPN, LPN, or OPN from 
2007 to 2014 at KPSC. The authors found that, after matching 
for tumor complexity, minimally invasive approach was associ-
ated with less intraoperative blood loss, shorter length of stay, and 
less change in estimated glomerular filtration rate compared with 
the open approach.12 A review of 19 cohort studies comparing 
RALPN and OPN in a combined 3551 patients identified lower 
rates of major and minor postoperative complications, lower 
transfusion rates, and shorter length of hospital stay in patients 
who underwent RALPN.20 RALPN has become increasingly 
utilized in our health care system since its approval and is now the 

Table 3. Minimally invasive partial nephrectomy vs open partial nephrectomy (OPN) (2009-2015)

 
Patient data

Univariate Multivariate
RALPN + LPN 

(n = 859 +n = 1277), no. (%)
OPN 

(n = 120), no. (%)
 

p valuea
 

RR (95% CI)
 

p valueb

Median age, years 60 61 0.463 1.00 (1.00- 1.00) 0.323
Hypertension 536 (62.4) 87 (72.5) 0.031 0.97 (0.91- 1.03) 0.363
Diabetes 245 (28.5) 38 (31.7) 0.477 1.02 (0.95- 1.09) 0.576
Chronic kidney disease (CKD) stage
Preoperative CKD 1/2 633 (82.3) 86 (76.1) 0.112 0.99 (0.91- 1.08) 0.881
Preoperative CKD 3+ 136 (17.7) 27 (23.9)
Cancer stage
T1 783 (91.8) 101 (85.6) 0.040 — —
T2 21 (2.5) 3 (2.5) 0.99 (0.83- 1.17) 0.873
T3 49 (5.7) 14 (11.9) 0.88 (0.76- 1.03) 0.101
Race/ethnicityc

White 399 (47.1) 73 (60.8) 0.019 — 0.010
Hispanic 288 (34.0) 34 (28.3) 1.07 (1.01- 1.13)
Black 96 (11.3) 10 (8.3) 1.08 (1.10- 1.60)
Asian 65 (7.3) 3 (2.5) 1.13 (1.05- 1.21)
Sex
Men 525 (61.1) 68 (56.7) 0.350 — —
Women 334 (38.9) 52 (43.3) 0.96 (0.91- 1.01) 0.117
Charlson Comorbidity Index (CCI)
CCI 0 170 (19.8) 13 (10.8) 0.043 — 0.091
CCI 1 1.02 (0.94- 1.12)
CCI 2 503 (58.6) 69 (57.5) 0.98 (0.90- 1.06)
CCI 3 0.97 (0.89- 1.06)
CCI 4 0.93 (0.83- 1.03)
CCI ≥ 5 186 (21.7) 38 (31.7) 0.89 (0.80- 0.99)
Year of surgery
2011 154 (17.9) 32 (26.7) 0.001 Adjusted for year of surgery; results 

not shown2012 187 (21.8) 41 (34.2)
2013 221 (25.7) 19 (15.8)
2014 205 (23.9) 20 (16.7)
a χ2 tests for independence were used for categorical variables; Wilcoxon rank sum test, for continuous variables. Boldface values are statistically significant.
b Based on likelihood ratio statistic. Boldface values are statistically significant.
c Numbers for race/ethnicity do not sum to 100 because there were insufficient numbers to include those.
CI = confidence interval; LPN = laparoscopic partial nephrectomy; RALPN = robot-assisted laparoscopic partial nephrectomy; RR = relative risk.
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most common renal oncologic surgery performed. The application 
of RALPN is not limited to small tumors. Results of a collaborative 
study of 298 patients with T2 tumors who underwent RALPN 
showed a 5% rate of Clavien-Dindo Grade 3 or higher postopera-
tive complications, with acceptable renal functional and oncologic 
outcomes; these results suggest that RALPN can be used to treat 
larger tumors with appropriate patient selection.21 

In our population of patients who underwent PN from 2011 to 
2015, there was no association between T2 or T3 tumors and an 
open vs minimally invasive approach. A high CCI score was found 
on multivariate analyses to be significantly associated with the use 
of radical nephrectomy rather than nephron-sparing surgery, as well 
as open rather than minimally invasive approach in the PN cohort. 
We hypothesize that patients with more comorbidities are less 
capable of tolerating the increased surgical and anesthetic risks as-
sociated with nephron-sparing surgery. Interestingly, we also found 
an association of Asian and Hispanic race/ethnicity with the use 
of minimally invasive technology. However, it is important to note 
that this is an observational study and that there may be variables 
associated with geographic and ethnic variation with respect to 
access to a Da Vinci System. In our integrated health care system, 
all patients have equal access to robotic surgery.

Another limitation is that this is a retrospective study populated 
by data from administrative codes. Some of the surgical modality 
cohorts may be underpowered to identify their associations with 
clinicopathologic data. This could be potentially revisited in the fu-
ture after accumulating more years of data to compare these surger-
ies. Furthermore, our study is limited by the change in procedural 
coding practices and the large percentage of radical nephrectomy 
and PN procedures performed from 1999 to 2007 of unknown 
approach (open vs laparoscopic). Nonetheless, this study provides 
insight into the current trends in renal oncologic surgery in a large 
population-based study within a health care system.

CONCLUSION
From 1999 to 2015, the treatment of localized RCC has 

changed dramatically; use of PN has increased and surpassed 
radical nephrectomy in 2012. In our health care system, after 
adoption of the robotic platform in 2011, RALPN has rapidly 
become the most common surgical modality (since 2014). This 
information may aid in the understanding of contemporary 
treatment options for individual patients with localized RCC. 
On a population level, it may shed light on the effects of clinical 
guidelines and introduction of a new technology on the treat-
ment of localized RCC. v
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