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Purpose: To analyze trends over a period of 28 years in the clinical, operative, and pathologic characteristics of patients with a re-
nal mass who underwent surgical resection in Korea.

Materials and Methods: Consecutive patients (n=6,231) with a renal mass who underwent surgical resection at eight Korean in-
stitutions between 1988 and 2015 were reviewed. Patients were assigned to one of three groups according to the date of surgery:
group 1, 1988-1999; group 2, 2000-2009; and group 3, 2010-2015.

Results: Age at the time of surgery, body mass index, smoking status, incidence of diabetes and hypertension, and the number of
incidentally identified renal masses increased significantly over time. The proportion of patients undergoing partial nephrectomy
(PN) or minimally invasive surgery (MIS) increased sharply during the last two time periods. From 2010, the rate of robot-assisted
nephrectomy rose sharply, occurring in 37.8% of MIS cases. Benign pathology was identified in 1.8% and 5.2% of cases in the
middle and last periods, respectively; angiomyolipoma was the most common pathology. In later years, tumors were more often
localized, although tumor grade increased. Sub-group analysis of small renal masses <4 c¢m revealed similar trends in operative
and pathologic characteristics over time.

Conclusions: Between 1988 and 2015, there was a substantial change in the clinical, operative, and histological characteristics of
patients who underwent resection of a renal mass in Korea. The most notable changes were stage migration towards localized dis-
ease and widespread use of PN and MIS.
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INTRODUCTION

As in other developed countries, the incidence of renal
tumors in Korea has increased during past decades [1].
For example, in the United States approximately 51,190
new cases of renal tumor were diagnosed in 2007, a 128%
increase compared with the 22500 cases diagnosed in 1988
[23] The reasons for this steady increase in diagnosis are
multifactorial, but may be due in large part to increased use
of imaging modalities that detect incidental tumors; thus
renal cell carcinoma (RCC) is now diagnosed earlier, often at
the localized stage [3] As a result, partial nephrectomy (PN)
for treatment of localized kidney tumors has been replaced
by radical nephrectomy (RN) [4]. Moreover, technological
advances and increased surgical expertise have facilitated
the use of minimally invasive surgery (MIS) techniques
to treat clinically localized RCC [5] While open PN is the
“traditional” standard, the last decade has seen significant
advances in laparoscopic PN [6] The laparoscopic nephron-
sparing procedure achieves results that are equivalent
(oncologically speaking) to those of open PN, but with
the advantages of reduced intraoperative blood loss and
a shorter hospital stay [7,8]. More recently, robot-assisted
PN is gaining popularity in the field of nephron-sparing
surgery, given the unique features offered by the robotic
platform including motion scaling, enhanced magnification,
3-dimensional stereoscopic vision, and improved instrument
dexterity [9] The unique technology underlying the robotic
platform has allowed minimally invasive treatment of
larger and anatomically more complex renal tumors [10] The
increasing incidence of small renal masses may also have
resulted in the stage migration in renal tumors. More than
70% of renal tumors are detected incidentally, and these
tumors are smaller than tumors detected after symptoms
become apparent [3,11]. More importantly, a significant
proportion of incidentally identified renal masses removed
due to suspected malignancy ultimately prove to be benign
(12}

It is assumed that the clinical, operative, and pathological
characteristics of Korean kidney tumors has changed in a
manner similar to that noted in other developed countries;
however, contemporary data are lacking. Understanding
these chronological trends is important if we are to
develop appropriate public-health strategies for patients
diagnosed with a renal tumor. The aim of the present
multi-institutional study was to perform a comprehensive
assessment of trends in clinical, operative, and pathologic
characteristics of a large cohort of patients with renal
tumors, and of a sub-group of patients with a small renal
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mass (<4 cm), between 1988 and 2015. We also discuss the
distinct characteristics of Korean patients compared with
those of patients in previous international studies.

MATERIALS AND METHODS

1. Study population

The study was approved by the relevant Institutional
Review Boards at the eight participating centers. Informed
consent was waived by the board. Data were collected
retrospectively from 7,047 patients who underwent RN or
PN for presumed RCC at one of eight Korean institutions
from January 1988 through December 2015. The database
contained patient clinicopathologic characteristics, including
age at diagnosis, sex, body mass index (BMI), comorbidities
(diabetes and hypertension), Eastern Cooperative Oncology
Group (ECOG) performance status (PS), surgical method
(RN or PN), surgical approach (open vs. MIS [and type of
MIS]), clinical tumor characteristics (radiologic tumor size,
tumor location, cTNM stage), pathological characteristics
(histologic tumor size, pTN stage, Fuhrman nuclear grade,
histologic subtype, lymphovascular invasion, and surgical
margin status), disease recurrence and site of recurrence
(local or metastatic), and information about death and cause
of death. Private information (such as resident registration
numbers and hospital ID numbers) was excluded to pro-
tect patient confidentiality [1,13]. The requirement for
enrollment was complete information about the date of
surgery and pathological characteristics of the tumor
(benign vs. malignancy and RCC subtype). Consequently,
6,231 consecutive patients with renal mass who underwent
surgical resection were included in the final analysis.

2. Surgical protocols and pathologic evaluation
The surgical procedures included open approaches, pure
laparoscopic approaches, hand-assisted laparoscopic surgery
(HALS), robot-assisted surgery, and laparo-endoscopic single-
site surgery. The surgical modality and approach were
decided by each surgeon in accordance with the clinical
situation. All surgery was performed by skilled surgeons
using standard methods. Inclusion of eight separate
academic centers means that surgical techniques varied
widely. All surgical specimens were processed according to
standard pathologic procedures at each individual institution
[1] Pathological staging was based on the 7th edition of the
American Joint Committee on Cancer classification system
and histological differentiation was graded according to
the Fuhrman nuclear grading system [14,15] Perioperative
morbidity was classified according to the Clavien—Dindo
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classification of surgical complications [16]

3. Statistical analysis

Patients were categorized into three groups according
to date of surgery: group 1, 1988-1999; group 2, 2000—2009;
and group 3, 2010—2015. Clinical, operative, and pathological
parameters during each time period were compared using
the chi-squared test (categorical variables) or ANOVA
(continuous variables). Differences were considered
significant at p<0.05, and all reported p-values were two-
sided. Statistical analyses were performed using IBM SPSS
Statistics 24.0 software (IBM Co, Armonk, NY, USA).

ICUROLOGY

RESULTS

1. Trends in the clinical features of patients treated
surgically between 1988 and 2015 to remove a
renal mass

A total of 382 (group 1, 1988-1999), 2991 (group 2, 2000—

2009), and 2,858 (group 3, 2010—-2015) patients with RCC

treated surgically at one of the eight centers were analyzed.

Several clinical factors were compared among patients

from each period (Table 1). Age at the time of surgery, BMI,

smoking status, incidence of diabetes and hypertension, and
an incidentally identified renal mass increased significantly

Table 1. Trends in the clinical characteristics of patients with surgically treated renal mass

. Date of surgery
Variable p-value
Group 1(1988-1999) Group 2 (2000-2009) Group 3 (2010-2015)
Total patients 382 2,991 2,858
Age (y) 52.7+11.4 55.5+12.7 56.0+13.4 <0.001°
Age categories (y) <0.001°
<34 22(5.8) 153 (5.1) 153 (5.4)
35-64 301(78.8) 2,030 (67.9) 1,905 (66.7)
>65 59(15.4) 808 (27.0) 800 (28.0)
Body mass index (kg/m’) 23.9+3.2 242433 24.6+3.4 <0.001°
Sex 0.927°
Male 271(70.9) 2,093 (70.0) 2,003 (70.1)
Female 111(29.1) 898 (30.0) 855 (29.9)
Smoking <0.001°
Never smoker 17/32 (53.1) 1,241/1,796 (69.1) 1,869/2,677 (69.8)
Ex-smoker 3/32(9.4) 142/1,796 (7.9) 373/2,677 (13.9)
Current 12/32 (37.5) 413/1,796 (23.0) 435/2,677 (16.2)
Not available 350 1,195 181
Diabetes mellitus <0.001°
Yes 28/368 (7.6) 376/2,713 (13.9) 444/2,842 (15.6)
No 340/368 (92.4) 2,337/2,713 (86.1) 2,398/2,842 (84.4)
Not available 14 278 16
Hypertension <0.001°
Yes 70/368 (19.0) 953/2,705 (35.2) 1,213/2,806 (43.2)
No 298/368 (81.0) 1,752/2,705 (64.8) 1,593/2,806 (56.8)
Not available 14 286 52
ECOG-PS scale <0.001
0-1 61/62 (98.4) 2,069/2,545 (81.3) 1,998/2,173 (91.9)
2 0/62 (0.0) 422/2,545 (16.6) 147/2,173 (6.8)
>3 1/62(1.6) 54/2,545 (2.1) 28/2,173(1.3)
Not available 320 446 685
Symptoms at diagnosis <0.001°
Incidental 235(61.5) 2,205/2,981 (74.0) 2,252/2,781 (81.0)
Symptomatic 146 (38.2) 776/2,981 (26.0) 529/2,781(19.0)
Not available 0 10 77

Values are presented as number only, mean+standard deviation, or number (%).
ECOG-PS, Eastern Cooperative Oncology Group performance status.
:ANOVA, ":chi-squared test.
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with time (each p<0.001). The proportion of patients dia-
gnosed at a young age (<34 years) was similar over time;
however, the number aged 65 years or older increased from
154% in group 1 to >27.0% in groups 2 and 3 (p<0.001). Over
the last two time periods, the proportion of patients with
ECOG-PS 2 or 3 increased significantly (p<0.001). The male
to female ratio did not show a significant change over time
(p=0927) (Table 1).

2. Trends in operative procedures used for pa-
tients with a renal mass between 1988 and
2015

Use of PN increased from one time group to the next
throughout the study period (3.7%, 27.0%, and 54.0% in groups

1, 2, and 3, respectively; p<0.001) (Fig. 1A). The proportion of

patients undergoing MIS increased significantly from the

first to the last time period, both in the total cohort (Fig.
1B) and in the PN (Fig. 1C) and RN (Fig. 1D) cohorts (each
p<0.001). Regarding the type of MIS, utilization of HALS
declined significantly throughout the study period, while
that of laparoscopic nephrectomy remained surgery be kept

A B

Treatment of renal mass in Korea

stable after showing a sharp increase from 2003 (Fig. 1E)
(p<0.001). Increased utilization of robot-assisted laparoscopic
nephrectomy was evident from late 2000, particularly for
PN (Fig. 2). Perioperative complications >grade 3 tended to
be higher in the late group, although this was not stati-
stically significant (p=0.665) (Table 2).

3. Trends in the histologic characteristics of renal

masses resected between 1988 and 2015

Of the 6,231 resected renal masses, 53 (1.8%) and 149
(5.2%) of those in groups 2 and 3 had benign pathologic
findings (p<0.001) (Fig. 3A). Of these, 15 (28.3%) and 38 (255%),
respectively, did not undergo nephron-sparing surgery. Of
the 202 benign lesions, 88 (436%) were angiomyolipomas, 51
(252%) were oncocytomas, 32 (15.8%) were benign cyst lesions,
and the remainder were miscellaneous benign entities. The
incidence of benign cyst lesions increased significantly
over the study period, whereas that of oncocytoma declined
(p=0.027).

With respect to RCC pathology, clear cell RCC was
the most common (>80% of cases). There was a significant
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Fig. 1. Annual trends in the type of surgical procedure used for patients with a renal mass in Korea (between 1988 and 2015). (A) Percentage of
partial nephrectomy (PN) cases relative to the total number of surgical cases. (B) Percentage of minimally invasive surgery (MIS) cases relative to
the total number of surgical cases. (C) Percentage of MIS cases relative to the total number of surgical cases in patients who underwent PN. (D)
Percentage of MIS cases relative to the total number of surgical cases in patients who underwent radical nephrectomy (RN). (E) Utilization of MIS
techniques. HALS, hand-assisted laparoscopic surgery; LESS, laparo-endoscopic single-site surgery.
Investig Clin Urol 2019;60:184-194.
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Fig. 2. Annual utilization of robot-assisted laparoscopic nephrectomy.
Data show the number of patients per year managed using this tech-
nique. RN, radical nephrectomy; PN, partial nephrectomy.
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difference between the three groups in terms of the
distribution of RCC subtype. Since 2000, the incidence of
clear cell RCC decreased slightly, but that of chromophobe
and miscellaneous malignant entities increased (p=0.015)
(Fig. 3B). In later years, tumors were more often localized;
the incidence of T1 tumors increased and that of metastatic
tumors decreased, whereas that of T3 tumors remained
stable (p<0.001) (Fig. 3C). Regarding tumor grade, the
percentage of high-grade tumors increased in the middle
and latest time periods (p<0.001) (Fig. 3D, Table 3).

4.Trends in clinico-operative and pathologic
characteristics of a sub-group of patients with a
small renal mass (<4 cm)
When patients were stratified according to tumor
diameter (<4 cm), we found that the proportion of patients
with a small renal mass increased over time (35.6%, 51.5%,

Table 2. Trends in surgical procedure used to manage patients with a renal mass

. Date of surgery
Variable p-value
Group 1(1988-1999) Group 2 (2000-2009) Group 3 (2010-2015)
Total patients 382 2,991 2,858
Operative methods <0.001
RN 368 (96.3) 2,183 (73.0) 1,314 (46.0)
PN 14 (3.7) 808 (27.0) 1,544 (54.0)
PN indication <0.001
Imperative 0(0.0) 77/806 (9.6) 43/1,536 (2.8)
Elective 14/14 (100.0) 729/806 (90.4) 1,493/1,536 (97.2)
Not available 0 2 8
Surgical technique <0.001
Open 371/379 (97.9) 1,734/2,805 (61.8) 1,026/2,809 (36.5)
MIS 8/379 (2.1) 1,071/2,805 (38.2) 1,783/2,809 (63.5)
Not available 3 186 49
PN technique <0.001
Open 14/14 (100.0) 580/775 (74.8) 635/1,531 (41.5)
MIS 0(0.0) 195/775 (25.2) 896/1,531 (58.5)
Not available 0 33 13
Type of MIS <0.001
Laparoscopic 4/8(50.0) 817/1,071 (76.3) 1,063/1,783 (59.6)
HALS 4/8 (50.0) 195/1,071 (18.2) 38/1,783 (2.1)
Robot-assisted 0(0.0) 59/1,071 (5.5) 674/1,783 (37.8)
LESS 0(0.0) 0(0.0) 8/1,783 (0.4)
Perioperative complication 0.665
Grade 1-2 30/38 (78.9) 185/261 (70.9) 164/241 (68.0)
Grade 3-4 8/38 (21.1) 74/261 (28.4) 74/241 (30.7)
Grade 5 0 2/261(0.8) 3/241(1.2)
Not available 344 2,730 2,617

Values are presented as number only or number (%).

RN, radical nephrectomy; PN, partial nephrectomy; MIS, minimally invasive surgery; HALS, hand-assisted laparoscopic surgery; LESS, laparo-

endoscopic single-site surgery.
All p-values were calculated using the chi-squared test.
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Fig. 3. Annual trends in pathologic variables of patients with a surgically treated renal mass between 1988 and 2015. (A) Incidence of benign pathology
relative to total number of surgical cases. (B) Pathologic staging. (C) Fuhrman nuclear grading. (D) Histologic distribution of renal cell carcinoma (RCC)

tumors.

and 605% in groups 1, 2, and 3, respectively; p<0.001) (Table 4).
A similar trend in terms of increased utilization of PN and
MIS over time was also evident in this sub-group. Utilization
of robot-assisted laparoscopic PN was more common than
that of laparoscopic PN during the last time period (p<0.001).
Regarding pathologic characteristics, 25% and 64% of cases
in the second and last periods, respectively, showed benign
pathology (p<0.001). By contrast, there was no significant
difference in the distribution of RCC subtype between the
three time periods when patients were stratified according
to a renal mass <4 cm (p=0.054) (Table 4).

DISCUSSION

The present study examined trends over time in the
clinical, operative, and pathologic characteristics of renal
masses resected from Korean patients over 28 years. Stage
migration towards small RCC and widespread use of PN
and MIS were the most noticeable changes. Adoption of
robotic surgery for both PN and RN rose sharply from the

Investig Clin Urol 2019;60:184-194.

second period onward. Comparative effectiveness studies and
new health technology assessments are therefore needed
with respect to robot-assisted nephrectomy. The number of
preoperatively misclassified benign renal masses increased
markedly during the later time periods, resulting in about
one out of four patients losing the entire kidney despite
having a benign diagnosis; this paralleled the increase in
the number of surgically resected small RCCs. Therefore,
nephron-sparing surgery should be the preferred treatment
in all cases of small renal mass.

The results of the international GLOBOCAN 2012
study report a greater worldwide increase in the incidence
of kidney cancer than the GLOBOCAN 2008 and 2002
studies [17,18]. In Korea, the age-standardized incidence
rates and annual percentage changes in the incidence of
RCC during 19992012 were estimated at 4.4 per 100,000
persons and 5.80%, respectively [19]. Here, we found that
the number of surgeries to resect a renal mass increased
sharply during each time period. King et al. [17] examined
the National Program of Cancer Registries and Surveillance,
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Table 3. Trends in pathologic variables of patients with a surgically trea

ted renal mass

ICUROLOGY

. Date of surgery
Variable p-value
Group 1(1988-1999) Group 2 (2000-2009) Group 3 (2010-2015)
Total patients 382 2,991 2,858
Renal mass laterality 0.456°
Right 201 (52.6) 1,494 (49.9) 1,387 (48.5)
Left 180 (47.1) 1,479 (49.4) 1,451 (50.8)
Both 1(0.3) 18 (0.6) 20(0.7)
Pathology <0.001°
Benign 0(0.0) 53(1.8) 149 (5.2)
RN 0(0.0) 5(28.3) 38(25.5) 0.691°
Malignant 382 (100.0) 2,938 (98.2) 2,709 (94.8)
RN 368 (96.3) 2,168 (73.8) 1,276 (47.1) <0.001°
Benign histology 0.027°
AML 0(0.0) 22/53 (41.5) 66/149 (44.3)
Oncocytoma 0(0.0) 20/53 (37.7) 31/149 (20.8)
Benign cyst 0(0.0) 3/53(5.7) 29/149(19.5)
Miscellaneous 0(0.0) 8/53 (15.1) 23/149 (15.4)
RCC subtype <0.015°
Clear cell 343 (89.8) 2,450/2,938 (83.4) 2,262/2,709 (83.5)
Papillary 20(5.2) 175/2,938 (6.0) 159/2,709 (5.9)
Chromophobe 11(2.9) 198/2,938 (6.7) 164/2,709 (6.1)
Miscellaneous 8(2.1) 115/2,938 (3.9) 124/2,709 (4.6)
Renal mass size (mm) 61.1+34.1 50.4+45.6 42.6+34.2 <0.001°
TNM stage <0.001°
pT1 219 (57.3) 2,095/2,938 (71.3) 2,134/2,709 (78.8)
pT2 67 (17.5) 278/2,938 (9.5) 170/2,709 (6.3)
pT3-4 55(14.4) 307/2,938 (10.4) 260/2,709 (9.6)
Any pT, = pN1, or cM1 41(10.7) 258/2,938 (8.8) 145/2,709 (5.4)
Fuhrman grade <0.001°
1-2 35/44(79.5) 1,680/2,826 (59.4) 1,165/2,345 (49.7)
3-4 9/44 (20.5) 1,146/2,826 (40.6) 1,180/2,345 (50.3)
Not available 338 112 364

Values are presented as number only, number (%), or meanzstandard deviation.
RN, radical nephrectomy; AML, angiomyolipoma; RCC, renal cell carcinoma.

*:ANOVA, ":chi-squared test.

Epidemiology and End Results (SEER) data from 2001 to
2010 and found a continued increase in the incidence of
RCC from 2001 to 2010, with the largest annual percentage
change noted in young female adults and the number of
localized and grade III tumors. Our results reveal similar
trends in RCC in later years, ie, towards a more localized
stage and a higher grade. We did not observe a significant
difference in incidence between sex. Another discrepant
result of the present study compare to study by King et
al. [17] was a significant increase in the proportion of those
aged 65 years or older at the time of diagnosis, whereas
the proportion of those aged under 34 years remained
steady over time [11] Another epidemiologic study based on
the population-based United States Kidney Cancer Study

190 www.icurology.org

from 2002 through 2007 showed an increase in small,
asymptomatic RCC, in the prevalence of diabetes, and in
the incidence of significant comorbidities [11] Our data also
show a similar trend throughout the study period, in which
there was a significant increase in the proportion of patients
with ECOG-PS of 2 or 3, as well as increased prevalence
of diabetes and hypertension. The cohort examined in
the present study was limited to patients who underwent
surgery; therefore, this was not a nationwide population-
based epidemiological study. The data should be interpreted
as an expansion of surgical indications for and widespread
use of MIS in elderly patients with comorbidities. The shift
in practice from open nephrectomy to MIS for management
of RCC is demonstrated by numerous studies [20] Golombos
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ICUROLOGY

Table 4. Trends in clinical, operative, and pathologic variables of patients with a surgically treated small renal mass (<4 cm)

Treatment of renal mass in Korea

. Date of surgery
Variable p-value
Group 1(1988-1999) Group 2 (2000-2009) Group 3 (2010-2015)
Total patients 136/382 (35.6) 1,539/2,991 (51.5) 1,728/2,858 (60.5) <0.001°
Age (y) 51.6x11.4 55.1£12.6 55.6+£12.9 0.002°
Symptoms at diagnosis 0.826"
Incidental 120 (88.2) 1,352/1,533 (88.2) 1,477/1,688 (87.5)
Symptomatic 16 (11.8) 181/1,533 (11.8) 211/1,688 (12.5)
Not available 0 6 40
Operative methods <0.001°
RN 123 (90.4) 812 (52.8) 426 (24.7)
PN 13 (9.6) 727 (47.2) 1,302 (75.3)
Surgical technique <0.001°
Open 130 (95.6) 859/1,464 (58.7) 592/1,701 (34.8)
MIS 6(4.4) 605/1,464 (41.3) 1,109/1,701 (65.2)
Not available 0 75 27
PN technique <0.001°
Open 13/13 (100.0) 519/696 (74.6) 503/1,289 (39.0)
MIS 0(0.0) 177/696 (25.4) 786/1,289 (61.0) <0.001°
Laparoscopic 0(0.0) 128/177 (72.3) 292/786 (37.2)
HALS 0(0.0) 7/177 (4.0) 1/786 (0.1)
Robot-assisted 0(0.0) 42/177 (23.7) 493/786 (62.7)
Not available 0 31 13
Pathology <0.001°
Benign 0(0.0) 39(2.5) 110 (6.4)
Malignant 136 (100.0) 1,500 (97.5) 1,618 (93.6) 0.054°
Clear cell 127 (93.4) 1,264 (84.3) 1,357 (83.9)
Papillary 7(5.1) 102 (6.8) 113 (7.0)
Chromophobe 2(1.5) 91 (6.1) 90 (5.6)
Miscellaneous 0(0.0) 43(2.9) 58 (3.6)

Values are presented as number (%), meantstandard deviation, or number only.
RN, radical nephrectomy; PN, partial nephrectomy; MIS, minimally invasive surgery; HALS, hand-assisted laparoscopic surgery.

*:AVOVA, ":chi-squared test.

et al. [21] reported widespread adoption of minimally invasive
approaches to RN across the United States. They examined
the SEER and Medicare insurance program database
and found that the use of MIS increased from 184% in
2001-2004 to 435% in 2009-2012 [21] Banegas et al. [22] also
reported a significant increase in the use of MIS for surgical
management of patients with RCC in the United States.
Similarly, our data from the total cohort and from the PN
and RN cohorts indicate a significant increase over time in
the use of MIS for treatment of renal masses. During the
final period of the present study, MIS was used in 635% in
total nephrectomy cases and in 585% in PN cases, which is
slightly higher or comparable to data reported by a previous
study [21,22] Regarding the type of MIS, increased utilization
of robot-assistance was evident from 2010, particularly
for PN. Robot-assisted PN has potential advantages over
laparoscopic PN as it combines nephron-sparing surgery

Investig Clin Urol 2019;60:184-194.

with a minimally invasive approach. A surgical series of
14,260 patients who underwent RN or PN or renal ablation
(data from the Maryland Health Services Cost Review
Commission database) shows that use of robot-assisted
laparoscopic PN increased from 2008 to 2011, attaining a
14% usage rate at university hospitals and a 10% rate at
non-university hospitals [5] Another Nationwide Inpatient
Sample study reported that the relative annual increase in
open, robotic, and laparoscopic PN was 7.9%, 454%, and 61%,
respectively, in 2010 [23] Here, we found that use of robot-
assisted nephrectomy among patients who received MIS for
treatment of renal mass increased from 55% in 20002009
to 37.8% in 2010—-2015. Studies based on national registry
data from the United States show that PN was relatively
uncommon before 2002, representing less than 10% of overall
nephrectomies; however, it increased annually from 16.8%
in 2003 to 251% in 2008 [24] Between 2000 and 2007, use of
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elective PN to treat tumors of <4 cm at the Memorial Sloan-
Kettering Cancer Center (MSKCC) increased steadily from
69% 1n 2000 to 89% in 2007; similarly, use of elective PN to
treat tumors measuring 4 to 7 cm increased from 20% in
2000 to 60% in 2007 [25] The findings of the present study
are consistent with a MSKCC experience, which showed an
increase in the use of PN from 3.7% in 1988-1999 to 54% in
2010—2015. If limited to small renal mass less than 4 cm, PN
was used 1n 75.3% of surgical cases in 2010-2015.

Another contemporary issue with respect to surgical
treatment of a renal mass is the rate of benign histologic
findings after surgery for presumed RCC [12]. Despite
efforts to assess malignant potential, treatment planning
remains uncertain because of the failure of current imaging
and biopsy techniques to distinguish various types of
RCC from benign pathologic entities [26]. Previous pooled
analyses noted a frequency of benign tumors after partial
or RN ranging from 7% to 33%, with a median of 13.9%
[27]. The prevalence of benign findings herein was 3%,
which is lower than that reported in previous reports from
Korea and Western countries [26,27]. The most common
benign lesion was angiomyolipoma, which is consistent
with a previous Korean study; the most common lesion in
Western countries is oncocytoma [26,27] Although we rarely
observed preoperatively misclassified benign renal masses,
the incidence of benign pathologic entities is increasing
alongside more frequent detection of small renal masses.
Therefore, nephron-sparing surgery should be considered as
the preferred treatment for small renal masses, considering
that 255% of patients diagnosed with a benign tumor had
the entire kidney removed.

Regarding RCC pathology, present study found a
significant difference in the distribution of RCC subtype
between the three time periods. Notably, since 2000, the
incidence of clear cell RCC decreased slightly, but that of
chromophobe and miscellaneous malignant entities increased.
There are conflicting reports concerning the prognostic
impact of histological subtype on oncologic outcomes in
patients with surgically treated RCC [28-30] While some
studies have found a significant association between
histological subtype with oncologic outcomes, other series did
not identify this relationship [28-30] Unfortunately, the lack
of similar reports of chronological difference in RCC subtype
makes 1t difficult to interpret our results. Further research
is now needed to confirm our observations and to determine
the prognostic influence of chronological difference in RCC
subtype on oncologic outcomes in patients with surgically
treated RCC.

This study has several limitations and strengths. Although
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we included a large number of patients in the data set, we
were confined by the retrospective nature of the study,
which may introduce sampling bias. The data set included
only patients who had undergone surgery for a suspicious
renal mass. We did not capture patients with advanced
stage disease or aged patients with comorbidities who
could be managed surgically. Therefore, the results are not
generalizable to all Korean patients with RCC. In addition,
the lack of a central pathology review may have introduced
interobserver bias. However, despite these limitations the
present study is the first nationwide multicenter study to
provide insight into comprehensive trends underlying the
clinical, operative, and pathologic characteristics of Korean
patients with a renal mass.

CONCLUSIONS

Between 1988 and 2015, there was a pronounced change
in surgical management and pathological variables in a
large cohort of RCC patients in Korea. Stage migration
towards localized disease and widespread use of PN and
MIS were the most notable changes. The utilization of
robot-assisted nephrectomy rose sharply during later
years. Comparative effectiveness studies and new health
technology assessments are warranted with respect to
robot-assisted nephrectomy. The present data provide a
comprehensive overview of contemporary trends in the
clinical, operative, and pathological characteristics of Korean
patients with RCC.
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