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Abstract

Background: Guidelines recommend nephron sparing surgery where possible for patients
with T1 renal tumours. The trends of nephron sparing surgery outside the USA are limited,
particularly since the introduction of robotic-assisted partial nephrectomy (RAPN). The aim
of this study was to describe contemporary surgical management patterns of renal tumours
in Australia according to Medicare claims data.
Methods: Claims data according to the Medicare Benefits Schedule on surgical management
of renal tumours in adult Australians between January 2000 and December 2016 was collated.
Analysis of absolute number, population-adjusted rate and renal cancer-adjusted rate of inter-
ventions according to age and gender were performed, as well as proportion of RAPN.
Results: Between 2000 and 2016, the rate of partial nephrectomy (PN) increased while rad-
ical nephrectomy (RN) remained stable (PN: 0.87–4.16, RN: 6.52–6.70 per 100 000 popula-
tion). Since 2015, PN has become more common than RN in patients aged 25 to 44 years
(0.98 versus 0.95 procedures per 100 000 population). Renal cancer-adjusted rate exhibited
a trend towards increasing utilization of PN and reduced RN across all age groups. An
increase in overall surgical treatment was observed (25%–41%), mainly due to increased
treatment of patients older than 75 years. The proportion of RAPN was seen to rapidly
increase (4.7% in 2010 to 58% in 2016).
Conclusions: Treatment utilization for renal masses has markedly changed in Australia
according to Medicare claims. PN is increasingly replacing RN in younger patients, and
older patients are receiving more surgical treatment. The impact of increased RAPN utiliza-
tion is yet to be determined.

Introduction

Kidney cancer is among the most commonly diagnosed malig-

nancies and cause of cancer-related death worldwide, of which

renal cell carcinoma (RCC) encompasses 90% of these.1 With

increasing availability, widespread use and advancements in

cross-sectional imaging modalities there has been an increase in

early diagnosis of kidney cancer and downward stage migration

in the last two decades.2–4 Traditionally radical nephrectomy

(RN) was the standard treatment for suspected localized RCC,

with partial nephrectomy (PN) reserved for patients with solitary

kidney, bilateral tumours or pre-existing kidney disease. How-

ever, multiple retrospective studies5,6 in the early 2000s demon-

strated that PN has equivalent oncological outcomes and reduced

risks of adverse outcomes related to treatment such as chronic

kidney disease (CKD). Accordingly, current American and

European guidelines7,8 outline a preference of PN for stage T1

RCC when technically feasible.
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The decision-making process in the management of renal tumours
is complex, involving tumour characteristics, patient comorbidities
(including life expectancy, renal function and presence of contralateral
kidney), patient preferences and local expertise. Not surprisingly, sig-
nificant heterogeneity in the management of renal masses has been
previously reported in the USA.9 While previous studies have reported
on the surgical management of renal tumours, most of these have been
limited to single institutions, state-based or compromised a small pro-
portion of a national population. Indeed, individual Australian state
studies of cancer registries have shown an increase in use of PN over
time,10,11 while Patel et al. reported increased use of laparoscopy, with
time and laparoscopic PN to be more prevalent in the private system.10

However, the national surgical patterns of care for renal tumour man-
agement and uptake of PN are unclear, and currently there is a lack of
formalized population data collection system. The aim of this study
was to characterize the trends in surgical management of kidney
tumours in a nationwide Australian study of Medicare claims data.

Methods

Data extraction

Data was collated from the Medicare Australia website12 using Medi-
care Benefit Schedule (MBS) codes from January 2000 to December
2016. The following codes were identified: PN (item number 36522),
PN complicated by previous surgery on the same kidney (36525) and
RN with en bloc dissection of lymph nodes, with or without adrenalec-
tomy (36526, 36527, 36528, 36529). Patient demographic reports
were generated from the MBS data with respect to age, gender and
state.13 Chronological data were extracted in calendar years. Proce-
dures in patients aged under 25 years of age were excluded. The data
collected represented private practice remunerations as public practice
data is not captured by MBS-based data.

Population data sources

Age, gender and state specific populations per year were extracted from
the Australian Bureau of Statistics.14 Treatment proportions relative to
renal cancer incidence was calculated based on incidence information
obtained from the Australian Institute of Health and Welfare.15 Three
age ranges were defined for analysis – younger (age 25–44), intermedi-
ate (age 45–74) and elderly (age 75 and above). The number of PNs
performed using a robotic approach in the private system per state from
2010 to 2016 as provided by Device Technologies Australia Pty Ltd.

Figures were generated with Excel (Microsoft, Redmond, WA,
USA) and Stata v.12.1SE (StataCorp, College Station, TX, USA).

Results

Total procedures

From January 2000 to December 2016, a total of 16 905 RNs and
6045 PNs for renal tumours were performed across Australia within
this data set. There was an observed 12.2% yearly growth in PN
compared with a 1.9% yearly growth in RN over the time period
studied (Fig. S1). Male patients had more surgery compared with
females in all years since 2002.

Treatment relative to population

Between 2000 and 2016, a steady increase in the rate of PN was
observed (0.87–4.16 per 100 000 adult population; Fig. 1a) while RN
rates have remained stable (6.52–6.70 per 100 000 adult population).
The growth rate in PN use was greater among men (0.84–5.80 per
100 000 adult population; Fig. 1b) compared to women (0.91–2.60
per 100 000 adult population), resulting in yearly increases of 12.9%
and 6.8%, respectively. Since 2015, PN has become more common
than RN in patients 25 to 44 years of age (0.98 versus 0.95). However,
PN still trails behind RN in those aged 45–74 (6.6 versus 10.0) and
above 75 years (5.4 versus 13.7; Fig. 1c).

Treatment relative to renal cancer incidence

Cross-referencing treatment numbers with renal cancer incidence
data revealed that the data set encompassed up to 55% of reported
renal cancer diagnoses in Australia, representing the largest known
analysis to date. A trend of increasing treatment was observed with
time (47%–55% between 2000 and 2014), mostly driven by treat-
ment in men (Fig. S2a). Overall, and for both genders (Fig. S2), a
trend towards increasing utilization of PN and reduced RN was
observed, with PN increasing overall (7%–20%) and RN reducing
overall (40%–35%) between 2000 and 2014. The reduction in RN
was more pronounced in women (45%–35%).

According to age groups, increased overall treatment was
observed in patients older than 75 years (25%–41%), due to an
increase in both PN (1%–10%) and RN (23%–30%; Fig. 2). In the
other age groups the overall treatment proportion remained rela-
tively stable, with the increase in PN (25–44 years 10%–26%;
45–74 years 7%–23%) being offset by a reduction in RN (25–44
years 53%–32%; 45–74 years 48%–38%; Fig. 2).

Proportion of PN performed as robotic-
assisted PN

Nationally, the proportion of robotic-assisted PN (RAPN) rose from
4.7% in 2010 to 58% in 2016. When states/territories were consid-
ered, in 2016, Victoria (73%) and Queensland (70%) had the
highest proportion of RAPN performed, while New South Wales
had proportionally the lowest (46%) (Fig. 3).

Discussion

Nephron sparing surgery (NSS) seeks to preserve renal function with-
out compromising oncological outcomes,7 with non-randomized meta-
analytical data supporting improved survival, reduction in incidence of
post-operative risk of severe CKD and dialysis.7,8 The association of
these outcomes with expected reduced incidence of cardiovascular
complication and mortality are yet to be established, as no difference
in improved survival was observed for PN over RN in a randomized
controlled trial16 and thus remains a subject of debate.17,18 As a conse-
quence, the recommendation to perform NSS when technically feasi-
ble by various guidelines, as well as the acceptance of active
surveillance for small renal masses has shifted to a different paradigm
in their surgical management.
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This study provides the largest analysis of RCC treatment in
Australia according to Medicare claims data. During the period
analysed, the absolute number, population-adjusted rate and renal
cancer-adjusted rate of interventions has increased in our region.
The observed increase in surgical intervention is driven by more
procedures being performed in patients over the age of 75 years,
with the sharpest inclination observed since 2011. This has likely
resulted from increased life expectancy, increased utilization of
minimally invasive surgery and improved perioperative outcomes

in older patients.19 Furthermore, elderly patients may be of high
socioeconomic backgrounds that portend longer life expectancy
and greater access to private health insurance, comprising a greater
proportion of cases with time. While fluctuations are clear in the
other age groups, no clear trends are identifiable.

We identified a progressive increase in the utilization of NSS in
Australia over the past 15 years, consistent with smaller state-based
studies.10,11 While this could be due to a greater proportion of cases
performed as PN in the private sector, as noted by Patel et al.,10 this
trend is in keeping with multiple international studies.20–24 Specifi-
cally, a significant increase from 17% to 38% was observed between
2002 and 2014 in a Veterans Health cohort, which also described
greatest and least uptake in younger and older patients,21 respec-
tively, much like that observed in this study. Higher proportions
have been observed in Europe, including up to 62% in Austria and
Germany22 and 66% in South Korea.24 The near fivefold increase in

Fig. 1. Radical and partial nephrectomy per 100 000 population; overall
(a), according to gender (b) and age group (c). (a) ( ) Radical, ( ) par-
tial; (b) ( ) male – radical, ( ) male – partial, ( ) female – radical,
( ) female – partial; (c) ( ) 25–44 – radical, ( ) 45–74 – radical,
( ) 75 plus – radical, ( ) 25–44 – partial, ( ) 45–74 – partial, ( )
75 plus – partial.

Fig. 2. Radical (RN) and partial nephrectomy (PN) relative to renal cell car-
cinoma population; overall according to age group, specifically
25–44 years (a), 45–74 years (b) and 75 and above years (c). (a) ( )
%PN 25–44, ( ) %RN 25–44, ( ) %total 25–44, ( ) PN:RN
25–44; (b) ( ) %PN 45–74, ( ) %RN 45–74, ( ) %total 45–74,
( ) PN:RN 45–74; (c) ( ) %PN 75 plus, ( ) %RN 75 plus, ( )
%total 75 plus, ( ) PN:RN 75 plus.
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the use of PN observed here was similar to that observed in a six-
centre study across Italy and France, where a 4.5-fold increase in PN
use was observed between 1987 and 2007.23

Reported factors that may influence PN use include patient charac-
teristics such as younger age,10,25,26 less comorbidities,11,25 less com-
plex tumour characteristics graded with scoring systems (e.g. RENAL
nephrometry scoring system)27 and management factors such as high
surgeon and/or hospital volume, urban and academic centre set-
tings.10,11,20,26 Specifically in Australia, Patel et al.10 found an
increased likelihood of patients undergoing PN between 2001 and
2009 if treated in a private New South Wales hospital with suggestion
related to increased experience of the operating consultant compared
to a registrar in the public system. However, this discrepancy was not
reported in a Victorian study between 2009 and 2013.11

From 2000 to 2014 the NSS rate adjusted for RCC incidence in
Australia has increased across all age groups and in 2014 remained
higher for patients less than 75 years (~25% of procedures) than in
those over 75 years (11%). Leppert et al.21 reported that rates of PN
increased from 16% in patients under 45 years and 12% in those above
75 years in 2002, to 66% and 25%, respectively, in 2014. They found
that patients who underwent PN were younger, had less comorbidities
and better pre-operative kidney function (less likely to exhibit CKD
grade 3).21 The more limited uptake in the elderly population is likely
due to a combination of decreased expected benefit and concerns about
perioperative risk. In this regard, Tan et al.28 suggested that the survival
advantage for those who underwent PN was no longer statistically sig-
nificant in patients aged 75 years and older, while Larcher et al.29 iden-
tified age as an independent predictor of complications after PN.

The rate of RN adjusted for cancer incidence has decreased in
patients under 75 years, most likely due to increased utilization of
NSS, thereby maintaining the overall rates of surgery in these patients.
However, in patients over 75 years of age the rates of RN have
increased despite the increase in NSS. As such, the increased rate of
surgery previously described is likely to reflect increased detection
with cross-sectional imaging and coupled with greater life expectancy.

Utilization of robotic assistance in PN has increased dramatically
from about 5% in 2010 to almost 60% in 2016. Such trend is

consistently seen across Australian states. The increase in utilization
and latest rates are comparable to those reported in the UK,30 and lag-
ging in comparison to data from the USA.31 The increased availability
and utilization of robotic-assistance32 may be contributing to the con-
tinual growth in NSS, possibly by allowing more complex tumours to
be excised using a minimally invasive approach.

There are several limitations to the current study. First, there are
inherent limitations with the use of MBS-based billing data. Such
data requires the accurate billing by surgeons and administrators
associated with each respective case. Despite these concerns, MBS-
based data has been validated for use in the setting of various proce-
dures, including melanoma excision, by comparing frequencies to
the respective cancer registries.33 Further, data on billings from pub-
lic sector was not available for analysis. Due to limitations in MBS
data, information pertaining to oncological (final pathology, patho-
logical stage), patient (comorbidities, renal function), peri-operative
(operative approach, Da Vinci generation, conversion rate and rea-
son, RAPN age and gender specific details) and social (socioeco-
nomic status, private health insurance coverage, geographical
location) were not available for analysis, making definitive conclu-
sions for the trends observed or comparisons to other cohorts diffi-
cult. Specifically, we have no individual patient data on renal
function to determine whether the rates of NSS have changed
according to different stages of CKD. Cancer registry data relies on
accurate reporting, which may not include patients with suspected
renal cancer but no histological confirmation. Small renal masses
that are not biopsied and put on surveillance are also not accounted
for in this data set. Moreover, some excised renal masses are benign,
and such cases would be accounted for in the number of surgical
interventions but not in the cancer registry, and thereby would lead
to an overestimation of the rates of surgical intervention. Nonethe-
less, our study represents a nationwide description of surgical man-
agement of renal tumour, being the largest to date in Australia.

Conclusion

According to this analysis of Medicare claims data which represents a
large proportion of RCC diagnoses, NSS is being increasingly utilised
across all age groups. While rates of renal surgery adjusted for cancer
incidence have remained stable in younger patients, an increase in both
PN and RN was seen in patients older than 75 years. The uptake in
robotic surgery has been rapid, with the majority of PNs currently
being performed with this approach. Further studies are required to
incorporate oncologic (pathological stage), patient (co-morbidities,
renal function) and social (geographical location, socioeconomic sta-
tus) factors to truly inform surgical decision-making as to the choice
of surgical approach for managing RCC.
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