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Changes in Patterns of Radical Prostatectomy due to
Diffusion of Robotic Surgical System: A Nationwide
Study Using Health Insurance Claims Data

Jungmi Chae*, Yeonmi Choi*, and Su-Jin Cho

Health Insurance Review & Assessment Service, Wonju, Korea.

Purpose: This study analyzed the changes in the number of surgeries and surgical patterns due to the adoption and diffusion of
new medical technology while focusing on radical prostatectomy.

Materials and Methods: Medical equipment status report data and the National Health Insurance claims data from 2007 to 2019
were used. A total of 62798 radical prostatectomies from 135 medical facilities were analyzed. Radical prostatectomy was classified
into open radical prostatectomy (ORP), laparoscopic radical prostatectomy (LRP), and robot-assisted laparoscopic radical prosta-
tectomy (RARP) using the fee schedule codes. A linear mixed model was used to determine whether the adoption of a robotic sur-
gical system had an effect on the number of surgeries and surgical patterns after adjusting for medical characteristics.

Results: The number of radical prostatectomies performed in Korea increased from 1756 in 2007 to 8475 in 2019. During this peri-
od, the proportion of RARP in total surgery increased from 17.5% to 74.3%. The mean number of surgeries at medical facilities
adopting the robotic surgical system was 128.3, which was higher compared to 18.5 cases in medical facilities that did not adopt it.
The adoption of a robotic surgical system increased the number of radical prostatectomy surgeries by 12.1 cases and the RARP
share by 47.2% in a linear mixed model.

Conclusion: The adoption and diffusion of robotic surgical systems in Korea increased the number of surgeries as well as the
share of robotic surgery. It is necessary to manage a technology that is widely used in a state where its clinical effectiveness is un-

certain.
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INTRODUCTION

Robotic surgery has been widely applied in the field of prostate
cancer surgery since it was first performed at Severance Hos-
pital in July 2005."* Radical prostatectomy has been reported
to account for more than 78% of robotic surgeries in Korea.?
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The robotic surgical system was approved by the Ministry of
Food and Drug Safety in 2005, and the National Health Insur-
ance (NHI) registered robotic surgery as a non-covered item
in July 2006. Health technology should meet the standards of
safety, effectiveness, and cost-effectiveness to be compensat-
ed by the NHI; however, robotic surgery lacked economic evi-
dence at that time.

Since 2006, several attempts have been made to cover the
cost of robotic surgery through the NHI. In July 2013, robotic
surgery was reviewed to strengthen NHI coverage for major
diseases such as cancers and cardio-cerebrovascular diseases.
It was then reconsidered to reduce patient co-payments when
the government announced a policy that would include all
non-covered items by the NHI in July 2017. However, robotic
surgery has not been covered by the NHI until 2021. There were
three reasons for robotic surgery not being covered by the NHI.
First, there was insufficient evidence on clinical safety and ef-
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fectiveness compared to open or laparoscopic surgery, except
for some indications.* Second, robotic surgery could be a bur-
den on the NHI budget, since it is more expensive than open or
laparoscopic surgery. Open and laparoscopic surgery costed
1.43 and 3.63 million KRW, respectively, whereas robotic sur-
gery costed 12.7 million KRW at that time.* Low cost-effective-
ness is a barrier to NHI coverage. Third, healthcare providers
opposed the coverage of robotic surgery as the price of surgery
could be lowered.

Nevertheless, robotic surgery has established itself as a ma-
jor surgery for radical prostatectomy. In the United States, ro-
botic surgery accounted for more than 60% of radical prostatec-
tomies, and was conducted more frequently than open surgery
in 2009.° In Korea, robotic surgery was performed similarly to
open and laparoscopic surgery in the early 2010s.5”

The treatment patterns of prostate cancer in the early 2010s
were analyzed using the Korean health insurance claims data.”®
Sixty-one medical facilities had 92 robotic surgical systems in
2019. Compared to 2014, the number of robotic surgical sys-
tems has doubled; but since then, no studies have been con-
ducted on the number of robotic surgeries or surgical patterns
in prostate cancer. Therefore, this study aimed to analyze the
number of radical prostatectomy surgeries and surgical pat-
terns between 2007 and 2019. In addition, this study analyzed
how the number of surgeries and surgical patterns changed
when a medical facility adopted the robotic surgical system.
The results of this study will clarify how existing medical tech-
nologies are replaced by the adoption and diffusion of new
medical technologies.

MATERIALS AND METHODS

Source

The medical equipment status report data and NHI claim data
from 2007 to 2019 were used in the Health Insurance Review
and Assessment Service. The status of the robotic surgery sys-
tem and radical prostatectomy were identified using medical
equipment status report data and NHI claims data, respec-
tively. Radical prostatectomy was defined by the fee schedule
code for surgery, anesthesia, and malignant tumor examina-
tion for a claim in which the primary disease was a malignant
neoplasm of the prostate (C61).

Between 2007 and 2019, 62 medical facilities had a robotic
surgical system, of which two medical facilities did not perform
radical prostatectomy. A total of 139 medical facilities under-
went radical prostatectomy, and 62804 surgeries were per-
formed over 13 years. During the analysis period, six surgeries
were performed at four hospital-level medical facilities. Due
to the low number of surgeries per facility, statistical estima-
tion of hospital-level medical facilities was difficult; hence, it
was excluded from the final analysis. A total of 62798 surgeries
from 135 medical facilities above the general hospital level were
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included in the final analysis. As of 2019, 8475 surgeries from
102 facilities were analyzed.

Constructing data

The number of surgeries and surgical patterns were analyzed
by merging the radical prostatectomy claims data with the ro-
botic surgical system data and constructed by the medical fa-
cility in a year. Medical facilities had a maximum of 13 data
points from 2007 to 2019.

Radical prostatectomy was classified into open radical pros-
tatectomy (ORP), laparoscopic radical prostatectomy (LRP),
and robot-assisted laparoscopic radical prostatectomy (RARP)
according to the surgical method. Four groups of fee schedule
codes were used to classify surgical methods: surgery (R3950,
R3960), laparoscopic medical material (N0031001), anesthe-
sia (L1211), and malignant tumor test (C5500, C5503, C5504,
C5505, C5506, C5507, C5508, C5918, C5919, C5605, C5606,
and C5607). Cases claiming four groups of fee schedule codes
were defined as LRPs, and those without laparoscopic medi-
cal material codes were classified as ORPs. Medical facilities
cannot charge the NHI with the RARP fee code, as they are not
covered by the NHI. However, hospitalization fees, anesthesia
fees, and examination expenses incurred during RARP are
billed to the NHI. Therefore, a claim in which no prostate oper-
ation codes (R3940, R3950, R3960, R3975, R3976, and R3977)
were included was defined as RARP, but anesthesia and ma-
lignant tumor examination fee codes were confirmed.

Analysis
The number of radical prostatectomies and surgical patterns
by year were presented using descriptive statistics. The chi-
square test was used to determine whether the adoption of the
robotic surgical system differed according to medical facility
characteristics in 2019. The t-test or analysis of variance was
used to test the differences in the number of radical prostatec-
tomies and surgical patterns according to the medical facility
characteristics. Finally, a linear mixed model was used to ana-
lyze the effect of adopting a robotic surgical system on the num-
ber of surgeries and surgical patterns between 2007 and 2019.
The number of surgeries and the share of each surgery in the
medical facilities were used as dependent variables. We ana-
lyzed whether the adoption of robotic surgical systems had an
effect on each dependent variable after adjusting for the year
and characteristics of the medical facility. A random coefficient
regression model in which the year and intercept were treated
as random effects was used, since the error terms of the same
medical facilities correlated with each other. Data construction
and statistical analysis were performed using SAS Enterprise
Guide 7.1.

This study was reviewed by the Institutional Review Board
of Health Insurance Review and Assessment Service and was
given an exempt determination (no. 2018-032-001).
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RESULTS

Number of radical prostatectomy and surgical
patterns between 2007 and 2019

Table 1 summarizes the number of radical prostatectomies
performed between 2007 and 2019. In 2007, 72 medical facili-
ties performed radical prostatectomy. The number of medical
facilities that performed radical prostatectomy increased until
2019, with a temporary decrease in the years 2012, 2015, and
2018. In 2019, 102 medical facilities performed radical prosta-
tectomies. The number of radical prostatectomies increased
from 1756 in 2007 to 8475 in 2019, with an annual average in-
crease of 14.0%. Regarding the surgical method, RARP in-
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creased by 28.6% annually, while RLP and ORP increased by
8.4% and 1.9%, respectively.

The share of ORP was high at the beginning of the introduc-
tion of the robotic surgical system; but as the number of RARP
surgeries surged in 2008, RARP had the largest share in 2009.
The share of RARP in 2007 increased from 17.5% to 74.3% in
2019. There was also a period when the market share of RARP
decreased slightly from 2011 to 2013. However, as the number
of robotic surgical systems increased in 2014, the share of RARP
also increased. On the other hand, ORP, which accounted for
67.9% in 2007, decreased to 17.7% in 2019. The share of LRP
also decreased from 14.5% in 2007 to 7.9% in 2019 (Fig. 1).

Table 1. Number of Medical Facilities Operating Radical Prostatectomy and Number of Surgical Cases in 2007-2019

Medical facilities operating radical prostatectomy

Radical prostatectomy

Year Total Adopting robotic surgical system Total ORP LRP RARP

2007 72 8 1756 1193 (67.9) 255 (14.5) 308(17.5)
2008 79 13 2557 1152 (45.1) 292 (11.4) 1113 (43.5)
2009 88 19 3448 1416 (41.1) 425(12.3) 1607 (46.6)
2010 94 25 3673 1404 (38.2) 419(11.4) 1850 (50.4)
2011 97 30 4421 1768 (40.0) 605 (13.7) 2048 (46.3)
2012 90 30 4618 1764 (38.2) 712 (15.4) 2142 (46.4)
2013 98 34 4730 1787 (37.8) 705 (14.9) 2238(47.3)
2014 103 36 4713 1581 (33.5) 660 (14.0) 2472 (52.5)
2015 99 44 4798 1460 (30.4) 531 (11.1) 2807 (58.5)
2016 100 47 5825 1351(23.2) 610(10.5) 3864 (66.3)
2017 101 52 6460 1441 (22.3) 605 (9.4) 4414 (68.3)
2018 99 57 7324 1354 (18.5) 666 (9.1) 5304 (72.4)
2019 102 60 8475 1504 (17.7) 672(7.9) 6299 (74.3)

ORP, open radical prostatectomy; LRP, laparoscopic radical prostatectomy; RARP, robot-assisted laparoscopic radical prostatectomy.
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Fig. 1. Patterns of radical prostatectomy in 2007-2019. ORP, open radical prostatectomy; LRP, laparoscopic radical prostatectomy; RARP, robot-assisted

laparoscopic radical prostatectomy.
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Robotic surgical system adoption rate, number of
surgeries, and surgical pattern of radical prostatectomy
by medical facility characteristics in 2019

Among medical facilities that performed radical prostatecto-
my in 2019, 60 (58.8%) medical facilities had a robotic surgical
system. Tertiary hospitals and medical facilities with more than
900 beds had the highest rate of adoption of robotic surgical

Robotic Surgery in Prostate Cancer

the variables of whether medical facilities are located in metro-
politan areas or not and whether they are public or not (Table 3).

Table 2. Distribution of Medical Facilities Operating Prostatectomy ac-
cording to the Possession of Robotic Surgical System and Characteris-
tics of Medical Facilities in 2019

Adopting robotic surgical system

system, which was statistically significant as a result of the chi- Yes (n=60) No (n=42) pvalue
squarfe test. Th.e adopu'on. rate of the rob(?tjc surgical system in Classification of hospital <0.001
teaching hospitals was higher than that in non-teaching hos- Tty 35 (85.4) 6(14.6)
pitals, and it was statistically significant. However, the adop- General 25 (41.0) 36 (50.0)
tion rates of medical facilities in metropolitan areas and pri-
; . o L i Number of beds <0.001
\(/;t(la) 1rm;;hcal facilities were not statistically significantly higher =900 24(923) 207)
able 2).
Medical facilities performed 83.1 surgeries per facility in 288:222 22 gg:; 1; ggi;
2019. The share by surgical method was 35.6% for ORP, 23.1% : .
for LRP, and 41.3% for RARP. The mean number of surgeries at <L - Lk SllEL]
medical facilities with robotic surgical system was 128.3, with Metropolitan area 0.216
RARP accounting for 70.2%. On the other hand, the number of Yes 36164.3} 20135:7)
surgeries at medical facilities not adopting the robotic surgical NO_ 24(522) 22(478)
system was 18.5 cases, which was significantly lower than that (et <UL
of medical facilities adopting it. The ORP and LRP shares were Yes 52(74.3) 18(257)
similar at the 50% level. No 8(250) 24(750)
Based on the results of the t-test or ANOVA, there were sta- Public 0.8
tistically significant differences in the number of surgeries and Yes 15(57.7) 11(42.3)
surgical patterns by medical facility characteristics, except for No 45(59.2) 31(408)
Table 3. Number of Surgeries and Patterns of Radical Prostatectomy according to Characteristics of Medical Facilities in 2019
Number of surgeries Share of surgeries (%)
ORP LRP RARP
MeantSD  pvalue  MeantSD pvalue MeantSD pvalue MeantSD  pvalue
Total 83.1x£164.7 - 3561404 - 23.1+£38.0 - 41.3+43.0
Adopting robotic surgical system <0.001 0.002 <0.001
Yes 128.3+202.0 256£33.2 424117 70.2+331
No 18.5+28.2 499+45.7 50.1+45.7
Classification of medical facilities <0.001 0.025 0.005 <0.001
Tertiary 159.0+236.9 24.7+33.6 10.4£25.0 64.9+37.4
General 32.1+£40.6 4294432 31.7142.8 254+39.2
Number of beds <0.001 0.005 0.019 <0.001
=900 209.2£283.5 16.1£19.0 7.6£20.7 76.3132.2
600-899 52.5+49.8 39.7£39.1 22.1+36.6 38.2+40.4
300-599 26.7+44.8 39.1+44.3 39.9+46.7 21.0+39.0
<300 10.0£15.3 74.8+42.0 2241404 2.8+7.0
Metropolitan area 0.085 0.301 0.051 0.462
Yes 108.5+213.8 39.4+41.7 16.5+32.3 44.1+435
No 52.1+56.9 31.1+£38.8 31.24429 37.8+42.5
Teaching 0.933 0.509 <0.001 <0.001
Yes 84.0+144.2 33.8+39.9 12.8+£28.6 53.4+42.2
No 81.0£205.1 39.5+42.0 45.7146.0 14.8£31.6
Public 0.499 0.909 0.718 0.833
Yes 102.1£122.4 34.8+39.9 Z3EEEE 39.7+42.0
No 76.6£177.1 35.9+40.9 22.3%37.7 4181435

ORP. open radical prostatectomy; LRP, laparoscopic radical prostatectomy; RARP. robot-assisted laparoscopic radical prostatectomy; SD, standard deviation.
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Effect of the adoption of robotic surgical system

on the number of surgeries and surgical pattern

of radical prostatectomy

The adoption of a robotic surgical system in medical facilities
from 2007 to 2019 increased the number of radical prostatec-
tomies as a result of linear mixed model analysis. Even after
adjusting for both year and medical facility characteristics, the
adoption of robotic surgical system significantly increased the
number of surgeries by 12.1 cases (Table 4).

The adoption of a robotic surgical system also affected the
surgical pattern of radical prostatectomy as a result of the lin-
ear mixed model analysis. It increased the share of RARP by
47.2%, while that of ORP and LRP decreased by 27.7% and
16.3%, respectively. It was found to reduce the share of ORP
more than the LRP (Table 4).

DISCUSSION

This study confirmed that the number of radical prostatecto-
mies increased by 14.0% annually, and the share of RARP in-
creased from 17.5% in 2017 to 74.3% in 2019 due to the diffusion
of the robotic surgical system based on the analysis of health in-
surance claims data from 2007 to 2019. The introduction of the
robotic surgical system increased the number of surgeries at
medical facilities by 76.5 on average, and RARP replaced ORP
and LRP.

The increase in the number of radical prostatectomies over
the past 13 years was due to an increase in the incidence of pros-
tate cancer in Korea. Prostate cancer was the 4th most common

YMJ

cancer in men in 2018, accounting for 11.5%.° Although the
prevalence rate of prostate cancer in Korea is lower than that
in the United States, which accounts for 21% of male cancers,
the incidence of prostate cancer in the United States is declin-
ing. In contrast, the prevalence of prostate cancer continues to
increase in Korea.*'® Prostate cancer occurred in 7.6 cases of
the 100000 population in 2000; but in 2018, it increased by ap-
proximately 4.2 times to 32.0 cases per 100000 population.’®
The increase in surgery as the main treatment method for pros-
tate cancer may also be the cause for the increase in the num-
ber of radical prostatectomies, along with an increase in cases
of prostate cancer. There are three main treatment methods for
prostate cancer: surgery, radiation therapy, and hormone ther-
apy, including androgen deprivation therapy (ADT). The share
of surgery increased from 22.4% in 2003 to 45.5% in 2013, while
the share of ADT decreased from 60.3% to 45.3%. The propor-
tion of patients who underwent surgery only increased from
23.5% in 2005 to 39.4% in 2014, and the share of patients in-
creased to 47.9% in 2014 after including patients who received
surgery in combination with other treatments.”

In Korega, after the first RARP was performed in 2005, the share
of RARP increased to 17.5% within 2 years. The RARP shares
in 2005 and 2006 were reported to be 2.6% and 5.6%, respec-
tively, which increased to 17.5% in 2007.” According to the in-
novation adoption curve, innovative technology spreads in an
S-shape; and the adopters are categorized as innovators, early
adopters, early majority, late majority, and laggards over the
adoption period.""* The period when innovative technology
spreads from the early adopters to the early majority and when
innovative technology occupies 15%-20% is called the tipping

Table 4. Changes in Number of Cases and Patterns of Radical Prostatectomy after Adopting Robotic Surgical System in 2007-2019

Share of surgeries (%)

Number of surgeries

ORP LRP RARP
CE pvalue CE pvalue CE pvalue CE pvalue

Intercept 13.083 0.351 82.775 <0.001 30.143 0.005 -10.912 0.023
Year 3.106 <0.001 -2.094 <0.001 0.886 0.052 1.112 <0.001
Adopting robotic surgical system

Yes vs. No 12.124 <0.001 -27.682 <0.001 -16.286 <0.001 47.240 <0.001
Classification of medical facilities

Tertiary vs. General -0.979 0.876 -2.425 0.768 0.527 0.946 1.025 0.735
Number of beds

>900 vs. <300 6.598 0.658 -10.060 0.467 -0.849 0.948 7.669 0.160

600-899 vs. <300 -1.396 0.922 0.003 1.000 -0.375 0.974 1.335 0.787

300-599 vs. <300 -5.693 0.686 -11.204 0.320 6.056 0.568 5.055 0.280
Metropolitan area

Yes vs. No 8.302 0.081 10.836 0.057 -12.891 0.016 2.043 0.342
Teaching

Yes vs. No -7.438 0.218 -4.299 0.552 -3.108 0.648 4.650 0.088
Public

Yes vs. No 4315 0.442 3.887 0.561 -2.666 0.672 -1.820 0.471

C.E, coefficient estimate; ORP. open radical prostatectomy; LRP, laparoscopic radical prostatectomy; RARP, robot-assisted laparoscopic radical prostatectomy.
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point. When an innovation reaches a tipping point, it can no
longer stop spreading and begins to expand rapidly.'* Accord-
ing to the innovation adoption curve, RARP reached a tipping
point of 17.5% within 2 years after its introduction, and its
share in 2008 increased significantly to 43.5%.

In the United States, after the first RARP was performed in
2000, it reached a tipping point between 2007 and 2008, and
the share of RARP increased significantly to 59.6% in 2009.° Al-
though RARP in Korea reached the tipping point earlier com-
pared to the United States, RARP’s share could reach 58.5% af-
ter 8 years. RARP quickly reached the tipping point because,
in the early days of RARP introduction, the four largest hospi-
tals that performed more than 300 radical prostatectomies per
year started RARP. Afterwards, the spread of robotic surgery,
including RARP, had stalled as it was reported that the safety
and effectiveness of robotic surgery was uncertain in a study
conducted to determine whether RARP was covered by health
insurance.' There was also a case in which a celebrity died af-
ter robotic surgery."* However, the share of RARP increased
again in 2013 and 2017, as robotic surgery was reviewed again
as a part of strengthening the NHI coverage.

While the number of radical prostatectomies is increasing ev-
ery year, it was confirmed that the introduction of the robotic
surgical system increased the number of surgeries in medical
facilities even after the year was adjusted. It is possible that
patients in medical facilities that did not introduce the robotic
surgical system moved to the medical facilities that introduced
the system. In addition, the patient probably chose minimally
invasive RARP instead of radiation or hormone therapy. How-
ever, we cannot rule out the possibility that the number of sur-
geries through RARP had increased in medical facilities adopt-
ing robotic surgical systems. The introduction of new medical
technology can increase medical utilization as medical suppli-
ers can induce their usage.'"*" Although the number of prostate
cancer cases in the United States has declined, the increase in
the number of RARP surgeries has been explained by supplier-
induced medical utilization.'® In contrast to the United States,
the number of prostate cancer patients in Korea is increasing
and requires more surgery than before. It is highly likely that
medical facilities increased the number of surgeries with RARP,
which can perform more surgeries in a limited time and leave
a large profit per surgery."”

In the present study, RARP replaced ORP and LRP in medi-
cal facilities that adopted a robotic surgical system. Similarly,
in the United States and Australia, RARP replaced ORP or LRP
and became the most frequently performed procedure.'®*
RARP may have replaced ORP and LRP to increase the profits
of medical facilities in the same way that the number of surger-
ies has increased.'® However, clinical evidence of RARP and
improved convenience for surgeons cannot be ignored. There is
much evidence that robotic surgery for prostate cancer is clini-
cally safer and more effective than open or laparoscopic sur-
gery.’ The oncological outcomes of RARP and ORP are similar,
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and the incidence of complications and urinary incontinence is
low.>*® Compared with LRP, there was no difference in the con-
version rate to ORP, and the risk of damage, such as peripheral
organ damage and blood transfusion, was low.> Moreover, al-
though RARP lacks high-quality evidence as a random clinical
trial, clinical evidence is accumulating that it has advantages
similar to LRP in terms of non-invasiveness. However, the sur-
gery time is shorter than that of LRP, and it does not take a long
time to overcome the learning curve; therefore, surgeons may
prefer RARP*#

In Korea, robotic surgery is used not only for prostate cancer,
but also for thyroid, colorectal, and various gynecological can-
cers."** Although there is insufficient evidence that the safety
and effectiveness of robotic surgery are superior to those of lap-
aroscopic surgery, the number of surgeries is gradually increas-
ing. This situation is the same in the United States, and there are
concerns about side effects due to its use in situations where
clinical evidence is uncertain.” Since the benefits of health in-
surance in Korea apply to many citizens, if clinical evidence
and economic feasibility are judged to be insufficient, a high-
er co-payment rate is applied. Medical use was monitored,
and data on side effects were collected from medical facilities.
However, since robotic surgery is not covered by the NHI, side
effects are not monitored despite the disclosure of prices for
each medical institution. In the absence of monitoring for side
effects, robotic surgery has reached a point where it has already
been applied to many people. It is necessary to reimburse pay-
ments to reduce the burden on patients, as many people un-
dergo robotic surgeries. It is also necessary to continuously
discuss which compensation method to choose and to be cov-
ered by NHI under the circumstance that a new technology is
less cost-effective than the existing one.

This study presented the situations of robotic surgery over
13 years by analyzing Korea’s national data while focusing on
radical prostatectomy. However, this study had two limitations.
First, since RARP is not covered by the NH], it is possible that it
was underestimated compared to other procedures that cov-
ered by the NHI. Second, administrative data analysis is useful
for understanding the overall trend of medical use, but it is
not possible to determine whether ORP, LRP, and RARP are
applied to patients with different clinical characteristics and
surgical outcomes. Large-scale studies with well-designed
clinical outcomes are needed to discuss health insurance re-
imbursement.

This study analyzed the number and pattern of radical pros-
tatectomy in which robotic surgery was most frequently ap-
plied using the NHI claims data from 2007 to 2019. Robotic sur-
gery reached a tipping point where medical technology spread
in earnest in 2007 and has replaced existing medical technol-
ogies such as open and laparoscopic surgery. In addition, the
adoption of robotic surgical systems in medical facilities in-
creased the number of surgeries and the share of robotic sur-
gery. Although its safety and effectiveness are uncertain and

https://doi.org/10.3349/ymj.2021.62.12.1155
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cost-effectiveness is low, robotic surgery has already been wide-
ly used in clinical settings. The management of such new health
technologies in the healthcare system should be discussed.
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