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Abstract

Objectives: We compare the cost-utility of laparoscopic radical 
nephrectomy (LRN), laparoscopic partial nephrectomy (LPN) and 
open partial nephrectomy (OPN) in the management of small renal 
masses (SRMs) when the impact of ensuing chronic kidney disease 
(CKD) disease is considered.
Methods: We designed a Markov decision analysis model with 
a 10-year time horizon. Estimates of costs, utilities, complication 
rates and probabilities of developing CKD were derived from the 
literature. The base case patient was assumed to be a 65-year-old 
patient with a <4-cm unilateral renal mass, a normal contralateral 
kidney and a normal preoperative serum creatinine. Univariate 
and probabilistic sensitivity analyses were conducted to address 
the uncertainty associated with the study parameters.
Results: OPN was the least costly strategy at $25 941 USD and 
generated 7.161 quality-adjusted life years (QALYs) over 10 years. 
LPN yielded 0.098 additional QALYs at an additional cost of $888 
for an incremental cost-effectiveness ratio of $9057 per QALY, well 
below a commonly cited willingness-to-pay threshold of $50 000 
per QALY. LRN was more costly and yielded fewer QALYs than 
OPN and LPN. Sensitivity analyses demonstrated our model to 
be robust to changes to key parameters. Age had no effect on 
preferred strategy.
Conclusions: Partial nephrectomy (PN) is the preferred treatment 
strategy for SRMs. In centres where LPN is not available, OPN 
remains considerably more cost-effective than LRN. Furthermore, 
our study demonstrates that there is no age at which PN is not pre-
ferred to LRN. Our study provides additional evidence to advocate 
PN for the management of all amenable SRMs. 

Introduction 

Over the last decade, several authors have challenged the 
widely held belief that having one functional kidney follow-

ing radical nephrectomy was sufficient to avoid long-term 
adverse renal consequences. Numerous large, retrospective 
studies have demonstrated that in patients with a small renal 
mass (SRM), a normal appearing contralateral kidney and 
a normal preoperative serum creatinine, the incidence of 
chronic kidney disease (CKD) following radical nephrec-
tomy is up to 65%, while following partial nephrectomy it is 
less than 20%.1-4 CKD is associated with an increased risk of 
hospitalization, cardiovascular events and death.5 However, 
the effects of CKD following radical or partial nephrectomy 
are not clear. Despite earlier reports to the contrary, recent 
retrospective series have suggested that partial nephrectomy 
is associated with an increased overall survival, especially 
among younger patients.6,7 While the risk of death may be 
uncertain, patients suffering from CKD have a decreased 
quality of life and present a considerable financial burden 
to the healthcare system.8

These clinical concerns leave the urologist with the fol-
lowing dilemma: when recommending treatment for a SRM, 
will patients achieve a superior quality of life from the mini-
mal morbidity of laparoscopic radical nephrectomy (LRN) 
or from the renal functional preservation of open partial 
nephrectomy (OPN) or laparoscopic partial nephrectomy 
(LPN)? To the best of our knowledge, no studies to date have 
addressed this question. Recent guidelines on the manage-
ment of SRMs from the American Urological Association 
and European Association of Urology stress the importance 
of renal functional preservation in treatment choice and 
advocate partial nephrectomy as first-line management 
when technically feasible. Despite these recommenda-
tions, national utilization trends from the U.S. indicate that 
most renal masses are treated with radical nephrectomy.9

This suggests that a large proportion of urologists and their 
patients are selecting radical nephrectomy as their treatment 
of choice. Furthermore, the cost-effectiveness of these strate-
gies has not been studied to date.

The purpose of this study is to compare the cost-utility 
ratios of LRN, LPN and OPN in the management of SRMs 
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when the impact of ensuing CKD is considered using a 
Markov decision analysis model. The results will help urolo-
gists and health resource managers determine the optimal 
management of this patient population with respect to cost 
and quality of life.

Methods 

Model design 

A decision tree was constructed (Fig. 1) using decision 
analysis software (TreeAge Pro Healthcare 2009, TreeAge 
Software Inc., Williamstown, MA). Each decision arm pro-
gresses to a Markov simulation, a type of model where 
patients transition through different health states over time. 
LRN, LPN and OPN were assumed to have equivalent 
oncological outcomes nearing 98% cancer-specific survival 
based on a recent meta-analysis;10 therefore, cure rate was 
not incorporated into our model. Patients were assumed 
to either experience a complication following surgery or 
remain entirely complication free during the perioperative 
period. For the purposes of simplifying model design, all 
types of complications, excluding development of CKD, 
were grouped together. Complications were assumed to 
occur immediately. Patients then enter a Markov cycle (Fig. 
2) where they begin in a health state of normal renal func-
tion. The time to progress from the start of the decision tree 
to the Markov cycle was considered immediate and no time 
or quality-adjusted life years (QALYs) were accrued during 
this period. Progression to states of CKD, dialysis and death, 
based on type of nephrectomy, were followed for 10 cycles, 
with each cycle representing 1 year. The base case patient 
was assumed to be a 65-year-old male with a <4-cm uni-
lateral renal mass, a normal appearing contralateral kidney 
and a normal preoperative serum creatinine. 

Model data sources 

Transition probabilities, cost estimates and utility estimates 
used in our model are summarized in Table 1.

Probability estimates 

The probabilities of suffering a complication following LRN, 
LPN and OPN were estimated at 3.4%, 9.0% and 6.3%, 
respectively, based on a recent meta-analysis.11 To ensure 
our model only reflected the most clinically significant stages 
of CKD, we restricted our definition of CKD to a glomerular 
filtration rate (GFR) <45 mL/min/1.73m2. While patients with 
a GFR of 45 to 90 mL/min/1.73m2 are classified as having 
CKD, their management is far less costly and mortality risk 
less pronounced than those with a lower GFR.5,8,12 The yearly 
probabilities of developing CKD following radical nephrec-
tomy and partial nephrectomy were estimated at 11.2% and 
1.5%, respectively, based on the largest series of patients 
undergoing nephrectomy that stratified outcomes by GFR.1

The incidence of CKD following LPN, performed by those 
with expertise, and OPN has been shown to be equivalent.13

The yearly probability of progressing from CKD to dialysis 
was estimated at 0.2%, based on the reported progression 
of KDOQI (Kidney Disease Outcomes Quality Initiative) 
Stage 3 (GFR 30-59) to hemodialysis.12 Age-related mortality 
was determined from U.S. Life Tables.14 The yearly relative 
risk of death from CKD, compared to patients with normal 
renal function, was estimated at 1.8 based on a series of over 
1 million ambulatory patients with CKD.5 The yearly mortality 
rate of patients on hemodialysis was estimated at 22.3% from 
the United Sates Renal Data System (USRDS) 2010 report.15

Cost estimates 

Costs were estimated from a payer perspective. All utilized 
costs were collected from a U.S. setting and adjusted to 
2010 U.S. dollars (USD) using the Bureau of Labor Statistics 
Consumer Price Index. The cost of LRN, LPN and OPN, 

Fig. 1. Decision tree for treatment of a small renal mass.
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including cost of operating room time, personnel and equip-
ment, hospital stay, diagnostic imaging and pharmacy were 
obtained from reports by Bensalah and colleagues16 and 
Mouraviev and colleagues.17 These were the only studies 
identified in the literature that simultaneously reported costs 
for LRN, LPN and OPN, providing uniformity across cost 

estimates. The cost of postoperative complications was esti-
mated from Dimick and colleagues.18 No consensus exists 
on appropriate surveillance for patients following radical or 
partial nephrectomy for renal cell carcinoma. We estimated 
yearly surveillance costs using 2010 Medicare Part B nation-
al reimbursement data for annual computed tomography of 
the abdomen and pelvis with contrast ($330), chest radio-
graph ($31) and physician office visit ($66) for 10 years. This 
surveillance strategy is of intermediate to high aggressiveness 
compared to those reported in the literature. The yearly cost 
of CKD and hemodialysis was obtained from the USRDS 
2010 report. All costs beyond the first year were discounted 
3% annually according to consensus recommendations.19

Costs were reported in 2010 USD.

Utility estimates 

QALYs are a commonly used effectiveness measure in 
decision analysis models. To the best of our knowledge, 
no studies to date have calculated QALYs following LRN, 

Table 1. Baseline parameters and univariate sensitivity analysis ranges

Parameter Base case estimate
Univariate sensitivity analysis 

range
Source

Costs
LRN $11 200 $5000–15 000 Mouraviev et al.,15 Bensalah et al.14

LPN $11 657 $5000–15 000 Mouraviev et al.,15 Bensalah et al.14

OPN $11 594 $5000–15 000 Mouraviev et al.,15 Bensalah et al.14

Complication 3.59 x baseline cost of surgery 1.5–5.0 x baseline cost of surgery Dimick et al.16

Post-nephrectomy surveillance 
(1 year)

$427 $150–1500
Medicare Part B reimbursement 

schedule

CKD (1 year) $14 392 $1000–40 000 USRDS 2010 Report29

Hemodialysis (1 year) $75 050 $20 000–120 000 USRDS 2010 Report29

Discount 3% 1–5% Siegel et al.17

Utilities

LRN 0.730 0.600–0.900
Patel et al.,18 Jiang et al.,19 

Harryman et al.,20 Novara et al.21

LPN 0.755 0.600–0.900 Estimated from Novara et al.21

OPN 0.744 0.600–0.900 Novara et al.21

CKD 0.706 0.500–0.900 Diaz-Buxo et al.24

Hemodialysis 0.654 0.400–0.800 Perlman et al.25

Transition probabilities
Age-related mortality (annually) U.S. life tables – Arias30

Complication after LRN 3.4% 2.0–5.5% Campbell et al.10

Complication after LPN 9.0% 7.7–10.6% Campbell et al.10

Complication after OPN 6.3% 4.5–8.7% Campbell et al.10

CKD after radical nephrectomy 
(annually)

11.2% 8.9–13.9% Huang et al.1

CKD after partial nephrectomy 
(annually)

1.5% 0.8–2.8% Huang et al.1

Relative mortality risk of CKD 1.8 1.7–1.9 Go et al.5

Mortality rate on hemodialysis 
(annually)

22.3% 15–30% USRDS 2010 Report29

LRN: laparoscopic radical nephrectomy; LPN: laparoscopic partial nephrectomy; OPN: open partial nephrectomy; CKD: chronic kidney disease.

Fig. 2. Health states at each Markov node. Likelihood of progression through 
each state is determined by the antecedent type of surgery.
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LPN or OPN. Several authors, however, have determined 
health-related quality of life (HRQOL) using a variety of 
validated questionnaires, most commonly the Short Form-
36 Health Survey (SF-36.) A review of studies administer-
ing SF-36 questionnaires following LRN, LPN or OPN was 
performed and authors were contacted for data when SF-36 
scores were not reported.20-23 SF-36 scores were converted 
to QALY utility scores using an algorithm developed by Ara 
and Brazier24 and sample-weighted utility scores were then 
calculated for each type of nephrectomy. The same utility 
score was used for patients experiencing a complication 
and for patients who did not experience a complication, as 
long-term HRQOL following nephrectomy has been shown 
to be unaffected by complications.25 No studies to date 
have quantified HRQOL following LPN using a validated 
measure. We estimated the utility of LPN by determining 
the difference in utility scores between LRN and ORN and 
adding this value to the utility of OPN.23 Utility scores at 
1 year were extrapolated across the 10-year time horizon. 
To maintain uniformity in the HRQOL instruments used to 
populate our model, we calculated utility scores in a similar 
fashion for the health states of CKD and dialysis from SF-36 
scores reported in the largest published series on HRQOL 
for those respective health states.26,27

Scenario analysis 

Although the incidence of CKD up to 5 years following 
partial and radical nephrectomy is well-reported, longer-
term data is lacking. It is feasible that hyperfiltration injury 
sustained by a reduced number of nephrons may result in an 
accelerated rate of development of CKD after a 5-year period. 
Conversely, the rate of development of CKD may decrease 
once the acute loss of renal mass due to nephrectomy has 
been accommodated. We performed a scenario analysis to 
accommodate this uncertainty. In the first scenario, after 5 
years, the rate of development of CKD increased annually 
by 20% of the predicted rate. In the second scenario, after 
5 years, the rate of development of CKD decreased annually 
by 20% of the predicted rate.

Univariate and probabilistic sensitivity analyses 

The robustness of our model to variations in key param-
eters was first analyzed by performing univariate sensitivity 
analyses. Each parameter was individually varied across a 
clinically plausible range of values and the outcome of the 
model was recalculated throughout this range. The ranges 
used for each parameter are outlined in Table 1. Although 
univariate sensitivity analysis can identify the relative influ-
ence of individual parameters on model outcome, it inad-
equately reproduces real-world variability where multiple 
parameters may change simultaneously.

To address these limitations, we performed a probabilis-
tic sensitivity analysis, which more realistically represents 
uncertainty by varying each parameter simultaneously. This 
is achieved by substituting each parameter estimate with 
a probability distribution and performing a Monte Carlo 
simulation, where theoretical patients progress through the 
decision analysis model with parameter values randomly 
drawn from each probability distribution. We created prob-
ability distributions around each parameter using variance 
reported in the literature. Clinically plausible estimates of 
variance were used when no published variance data was 
available. Following standard conventions, costs were mod-
eled with gamma distributions. Transition probabilities and 
utilities were modeled with beta distributions. The results 
of 1000 Monte Carlo simulations were plotted on a cost-
effectiveness axis. A cost-effectiveness acceptability curve 
(CEAC) was then generated by determining the percentage 
of simulations that remained cost-effective over a range of 
willingness-to-pay (WTP) thresholds. The most commonly 
used WTP threshold, which reflects the highest additional 
cost stakeholders are willing to pay for one additional QALY, 
is $50 000.

Results 

The results of the base case cost-utility analysis are sum-
marized in Table 2. OPN was the least costly strategy at 
$25 941 USD and generated 7.161 QALYs over 10 years. 
Compared to OPN, LPN yielded 0.098 additional QALYs 
at an additional cost of $888. The incremental cost-effec-
tiveness ratio (ICER) of LPN at $9057 per QALY made LPN 
the preferred strategy at a WTP threshold of $50 000 per 
QALY. LRN was more costly ($66 935) and yielded fewer 
QALYs (6.898) than both OPN and LPN. As such, LRN was 
dominated by OPN and LPN. The predicted overall sur-
vival at 10 years following LPN, OPN and LRN was 93%, 
93% and 91%, respectively. Freedom from CKD at 10 years 
following LPN, OPN and LRN was 80%, 80% and 28%, 
respectively. The percentage of patients on dialysis at 10 
years following LPN, OPN, and LRN was 0.07%, 0.07% 
and 0.4%, respectively.

Univariate sensitivity analysis demonstrated the out-
comes of our model to be stable to changes to most param-
eters. At a WTP threshold of $50 000, OPN replaced LPN 

Table 2. Results of cost-utility analysis

Strategy Cost (USD) Utility (QALYs) ICER
OPN $25 941 7.161 –

LPN* $26 829 7.259 $9057/QALY

LRN $66 935 6.898 Dominated
*Preferred strategy at a willingness-to-pay threshold of $50 000.
USD: U.S. dollar; QALYs: quality adjusted life year; ICER: incremental cost-effectiveness 
ratio; LRN: laparoscopic radical nephrectomy; LPN: laparoscopic partial nephrectomy; OPN: 
open partial nephrectomy. 
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as the preferred strategy under the following conditions 
alone: (1) if the cost of LPN rose above $14 913 (com-
pared to $11 657 in the base case analysis), (2) if the 
cost of OPN fell below $8141 (compared to $11 594 in 
the base case analysis), (3) if the utility of LPN fell below 
0.746 (compared to 0.755 in the base case analysis, or (4) 
if the utility of OPN rose above 0.753 (compared to 0.744 
in the base case analysis). LRN did not become the pre-
ferred strategy under any circumstances. Age had no effect 
on preferred treatment strategy, though the net monetary 
benefit of partial nephrectomy over radical nephrectomy 
diminished with increasing age.

Probabilistic sensitivity analysis reinforced LPN as the pre-
ferred strategy. The CEAC showed LPN to have the highest 
probability of cost-effectiveness across all WTP thresholds.

The relative costs and effectiveness of all strategies 
remained unchanged in both scenario analyses. LPN 
remained the preferred strategy at a WTP threshold of 
$50 000. When the incidence of CKD increased by 20% per 
year after 5 years, the costs of OPN, LPN and LRN increased 
to $26 585, $27 473 and $68 815, respectively, while 
QALYs decreased to 7.158, 7.256 and 6.893, respectively. 
When the incidence of CKD decreased by 20% per year 
after 5 years, the costs of OPN, LPN and LRN decreased to 
$25 544, $26 433 and $65 580, respectively, while QALYs 
increased to 7.162, 7.261 and 6.902, respectively.

Discussion 

Our study demonstrates that partial nephrectomy, either 
open or laparoscopic, is considerably less costly and yields 
more QALYs than LRN when accounting for the burden 
of ensuing CKD. Under no circumstances in our sensitiv-
ity or scenario analyses was LRN the preferred treatment 
modality. The incremental cost of LPN per QALY gained 
($9057/QALY) is far below the commonly cited threshold of 
$50 000 per QALY gained and below that of other common 
interventions, such as screening mammography ($88 000/
QALY).28 In 2010, it was estimated that 58 240 new cases 
of kidney cancer were diagnosed in the United States, of 
which over 25 000 may have been detected as a small, less 
than 4 cm renal mass.29 It is likely that no more than half 
of these cases were managed with partial nephrectomy.9

Had all cases been treated with OPN or LPN, over 10 000 
cases of CKD over 10 years could have been averted at a 
cost savings of almost 1.5 billion USD. In this era of fiscal 
restraint in healthcare spending, such dramatic savings can-
not be ignored.

Our study has a number of limitations. All decision analy-
sis models depend on the quality of data used to popu-
late them. There is a relative paucity of prospective data in 
the kidney cancer literature, most notably in the realm of 
health-related HRQOL. Much of our data were extracted 

from meta-analyses and large prospective or retrospective 
series. However, many of these were single-institution series. 
For parameters for which only smaller series were available, 
our data were enriched by pooling patient level data from 
contacted authors. Furthermore, the uncertainty of the model 
parameters was addressed with a comprehensive sensitivity 
analysis, which reinforced the conclusions from our base 
case analysis. The ideal method to determine the differences 
in costs, renal functional outcomes and HRQOL between 
radical and partial nephrectomy would be a prospective, 
randomized controlled trial. Unfortunately, the compelling 
existing evidence supporting the use of partial nephrec-
tomy has limited the feasibility of conducting such a trial 
as demonstrated by the poor accrual of the prematurely 
closed EORTC (European Organisation for the Research and 
Treatment of Cancer) Intergroup study.30

Due to a lack of published evidence, we were unable to 
conduct our cost-utility analysis from a societal perspective 
according to consensus recommendations. To the best of our 
knowledge, no studies have measured the costs associated 
with patient productivity loss, hired caregivers, and outpa-
tient pharmacy following nephrectomy for a SRM. This is 
an important area of future research.

Bias may have been introduced into our model by our 
choice to restrict our HRQOL sources to those obtaining 
data using the SF-36 Health Survey, the most widely used 
generic instrument for the measurement of HRQOL. We 
excluded the few studies that used other HRQOL question-
naires. Unfortunately, utility scores obtained using differ-
ent instruments cannot be reliably pooled. Using the SF-36 
alone allowed us to capture the greatest number of patient 
responses, while facilitating HRQOL comparisons between 
different health states.

Our model excluded newer management options for 
SRMs, such as active surveillance, radiofrequency ablation, 
cryoablation, as well as robot-assisted and laparo-endoscop-
ic single site partial nephrectomy. The long-term oncologic, 
HRQOL and renal functional outcomes of these treatment 
modalities have yet to be definitively demonstrated and 
including them in our model design would have required 
the use of immature or absent data sets. The impact of active 
surveillance and thermal ablative therapies at older ages 
will be of particular interest as will the financial implica-
tions of increasing use of robot-assisted partial nephrectomy. 
We anxiously await published renal function outcomes and 
HRQOL data from these patient populations. 

Conclusion 

Partial nephrectomy, either open or laparoscopic, is consid-
erably less costly and yields more QALYs than LRN when 
accounting for the burden of ensuing CKD. In our attempts 
to minimize patient morbidity with widespread use of LRN, 
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we may have been inadvertently subjecting patients to an 
iatrogenic chronic disease and its associated costs. These 
considerations must remain towards the forefront of our 
minds, second only to oncologic control, when facing the 
increasingly common dilemma that is the management of 
the SRM.
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