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ABSTRACT

Background. The treatment paradigm of advanced renal cell
carcinoma (RCC) has changed rapidly in recent years. In first-
line treatment of intermediate- to poor-risk patients, the
CheckMate 214 study demonstrated a significant survival
advantage for nivolumab and ipilimumab versus sunitinib.
The high cost of combined immune-modulating agents war-
rants an understanding of the combination’s value by con-
sidering both efficacy and cost. The objective of this study
was to estimate the cost-effectiveness of nivolumab and
ipilimumab compared with sunitinib for first-line treatment
of intermediate- to poor-risk advanced RCC from the U.S.
payer perspective.
Materials and Methods. A Markov model was developed
to compare the costs and effectiveness of nivolumab and
ipilimumab with those of sunitinib in the first-line treat-
ment of intermediate- to poor-risk advanced RCC. Health
outcomes were measured in life-years and quality-adjusted

life-years (QALYs). Drug costs were based on Medicare
reimbursement rates in 2017. We extrapolated survival
beyond the trial closure using Weibull distribution. Model
robustness was addressed in univariable and probabilistic
sensitivity analyses.
Results. The total mean cost per-patient of nivolumab and
ipilimumab versus sunitinib was $292,308 and $169,287,
respectfully. Nivolumab and ipilimumab generated a gain of
0.978 QALYs over sunitinib. The incremental cost-effectiveness
ratio (ICER) for nivolumab and ipilimumab was $125,739/QALY
versus sunitinib.
Conclusion. Our analysis established that the base case
ICER in the model for nivolumab and ipilimumab versus
sunitinib is below what some would consider the upper
limit of the theoretical willingness-to-pay threshold in the
U.S. ($150,000/QALY) and is thus estimated to be cost-
effective. The Oncologist 2019;24:366–371

Implications for Practice: This article assessed the cost-effectiveness of nivolumab and ipilimumab versus sunitinib for
treatment of patients with intermediate- to poor-risk metastatic kidney cancer, from the U.S. payer perspective. It would
cost $125,739 to gain 1 quality-adjusted life-year with nivolumab and ipilimumab versus sunitinib in these patients.

INTRODUCTION

Renal cell carcinoma (RCC) accounts for approximately 3.8%
of newly diagnosed cancer worldwide [1]. The 5-year overall
survival (OS) rate for advanced RCC is 11.6% [1], and more
effective treatments are needed. Antiangiogenesis therapy is
the main first-line therapy in advanced RCC [2], specifically
the tyrosine kinase inhibitors—sunitinib and pazopanib.

The prognosis of advanced RCC is divided into favorable,
intermediate, and poor risks based on well-established clini-
cal and laboratory factors. One commonly used and vali-
dated prognostic model is the International Metastatic Renal
Cell Carcinoma Database Consortium (IMDC) model [3, 4].
Approximately 20%–25% of patients have favorable-risk
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disease, 50% have intermediate-risk disease, and 25%–30%
have poor-risk disease [3, 4]. In one trial, the median OS
for patients receiving sunitinib or pazopanib in the favorable-
risk group was 43 months compared with 8–10 months in
the poor-risk group [5].

Sunitinib was approved for advanced RCC after showing a
6-month benefit in the median progression-free survival (PFS)
compared with interferon alpha (IFN-α) [6, 7]. Nivolumab, an
immune checkpoint inhibitor, was approved for the second-
line setting on the basis of the CheckMate 025 study [8], dem-
onstrating a survival advantage with reduced toxicity [9, 10].

Nivolumab with ipilimumab has shown high response rates
and an OS benefit in the first-line setting in advanced mela-
noma [9], and has been approved for this indication by the
U.S. Food and Drug Administration (FDA) [10]. The CheckMate
214 trial examined this combination in previously untreated
metastatic RCC compared with the standard of care, sunitinib.
Patients in the combination group received nivolumab 3 mg/kg
and ipilimumab 1 mg/kg every 3 weeks for four doses fol-
lowed by nivolumab 3 mg/kg every 2 weeks until progression.
Patients in the comparator group received sunitinib 50 mg
once daily, in 6-week cycles of 4 weeks on and 2 weeks off.
Radiologic disease assessments were performed every 6 weeks
during the trial. Patients were stratified according to IMDC
risk score. A total of 425 out of 550 patients receiving nivolu-
mab and ipilimumab, and 422 out of 546 receiving sunitinib,
had intermediate or poor risk. Among the intermediate- and
poor-risk group, an OS advantage was seen with the nivolu-
mab and ipilimumab combination over sunitinib (hazard
ratio for death 0.63). Objective response was 42% with
nivolumab and ipilimumab versus 27% with sunitinib, with
a complete response seen in 9% versus 1%, respectively
[11]. The safety profile of nivolumab and ipilimumab was
consistent with that of previous reports [12, 13].

The objective of this study was to estimate the cost-
effectiveness of nivolumab and ipilimumab compared with
sunitinib for first-line treatment of poor-to-intermediate-
risk advanced RCC from the U.S. payer perspective.

MATERIALS AND METHODS

Model Structure
The Markov model involved an initial treatment decision
with nivolumab and ipilimumab or sunitinib (Fig. 1). Patients
then transitioned through different health states: stable/
responsive (progression-free) disease, progressive disease, and
death. Each model cycle represented 1 month over a 10-year
time horizon. All patients started with stable, progression-free
disease and either remained at that stage or transitioned to
progressive disease or death. Once in the progressive stage,
patients could receive second-line treatment or transition to
death.

The primary outputs of the model were cost and quality-
adjusted life years (QALYs), which were used to calculate the
incremental cost-effectiveness ratio (ICER). The Markov model
was implemented in TreeAgePro 2016 software (TreeAge
Software Inc., Williamstown, MA), and statistical analyses
were performed in Matlab 2016-B software (MathWorks Inc.,
Natick, MA).

Mortality Estimates
The probability for transition from a progression-free state
to a postprogression state was derived from the PFS curves
in the CheckMate 214 trial. The probability for transition
from any state to the death state was derived from the OS
curves in the CheckMate 214 trial. We used the WebPlot-
Digitizer software (https://automeris.io/WebPlotDigitizer)
to extract the data points from each PFS and OS plot from
the CheckMate 214 trial, and these data points were then
used to fit parametric models. Weibull distribution was used
as it provided the best fit for all curves (supplemental online
Figs. S1 and S2).

Utility Estimates
In order to compute the total QALYs in the Markov models,
we adjusted the survival time by the health-related quality
of life. The health utility score was based on quality-of-life

Figure 1. Markov model.
Abbreviations: mRCC, metastatic renal cell carcinoma; tx, treatment.
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(QOL) data collected in the CheckMate 214 trial. In the
trial, QOL was assessed every 4 weeks using the National
Comprehensive Cancer Network Functional Assessment of
Cancer Therapy–Kidney Symptom Index 19. The mean base-
line score for intermediate- to poor-risk patients was similar
in both groups (60/76), and there was an improvement in
QOL in the immunotherapy arm compared with sunitinib
(p < .001) [11]. To translate these trial findings to the model,
we used a previously published methodology [14]. In the
model, we incorporated an average utility of 0.828 for patients
in the immunotherapy arm and of 0.767 for patients in the
sunitinib arm (supplemental online Table S3). We did not
use disutilities, as the QOL data also reflects disutilities from
disease progression and adverse events. We used �10% as
the boundaries of the range in sensitivity analyses.

Cost Estimates
Only direct medical costs were considered in the analysis
including drug, administration, and adverse event (AE) costs.
The cost of nivolumab and ipilimumab administration was
calculated for intravenous treatment at doses of 1 mg per
kg for ipilimumab and 3 mg per kg for nivolumab adminis-
tered every 3 weeks for the first 3 months or until disease
progression. After 3 months of treatment, cost was calcu-
lated for nivolumab administered every 2 weeks at a dose
of 1 mg per kg until disease progression. To calculate doses,
we used the U.S. mean body weight of 82 kg [13, 15]. The
cost of sunitinib administration was calculated as 50 mg
daily administered orally for 4 weeks and 2 weeks off for
6-week cycles until disease progression.

We included in the model grade 3–4 AEs that had signifi-
cantly different rates between the arms of the CheckMate
214 trial, had an incidence of at least 4%, and had an eco-
nomic impact. These AEs included diarrhea and hypertension.
The cost of fatigue, increased lipase, and hand-foot syndrome
were negligible and were not included. The treatment of AEs
was estimated based on clinical experience and clinical guide-
lines [16]. We assumed that grade 3/4 diarrhea would be
managed with a 3-day hospitalization and will include a sig-
moidoscopy in half of the patients, and that grade 3/4 hyper-
tension would be managed with oral amlodipine 10 mg/day
for 1 year. All costs and health outcomes were discounted by
3% annually for the U.S. We used prices that, to the best of
our knowledge, account for nonconfidential discounts and
rebates. Details of drug costs are available in Table 1 and in
the supplemental online data.

The estimated costs of treatment beyond progression
(TBP) and of second-line treatments are elaborated on in
the supplemental online data.

Sensitivity Analysis
A series of sensitivity analyses was performed to evaluate
the robustness of the model and to address the uncer-
tainty in the estimation of variables as in a similar study
[14] (supplemental online Appendix).

Structural Sensitivity Analysis
• Wastage: To account for wastage and assuming no vial

sharing, we used a fixed dose of 50 mg vials ×2 for ipili-
mumab, and one 240-mg vial for nivolumab (as rounding

[17] of ≤10% is a common practice and according to the
FDA label) [10].

• TBP: To account for differences in real-world practice of
TBP, we examined different proportions of patients con-
tinuing TBP.

• Cabozantinib: To account for the use of cabozantinib for
second-line treatment in the real world [2], we exam-
ined different proportions of patients receiving second-
line cabozantinib.

RESULTS

Base Case Results
Nivolumab and ipilimumab generated a gain of 0.978 QALYs
over sunitinib in the U.S., with an incremental cost of $123,021.
The ICER,meaning the additional cost of nivolumab and ipilimu-
mab versus sunitinib, was $125,739 per QALY gained (Table 2).

Sensitivity Analyses
The results of univariate sensitivity analyses are presented
in the tornado diagram (Fig. 2). The parameters with the
greatest influence on the ICER were those of the overall sur-
vival extrapolation. The effects of other parameters were
negligible. The results of the probabilistic sensitivity analyses
are shown in the cost-effectiveness acceptability curves (Fig. 3).
These curves show the probability that nivolumab and ipili-
mumab is cost-effective across increasing willingness-to-pay

Table 1. Model parameters: baseline values and ranges for
sensitivity analysis

Parameter
Nivolumab +
ipilimumab Sunitinib

Grade 3–4 toxicity incidence, %

Fatigue 4 9

Diarrhea 4 5

Increased lipase 10 7

Hypertension <1 16

Hand-foot syndrome 0 9

Cost, U.S. dollars

Drug costs per month,
months 1–3 (range)

27,000
(21,600–32,401)

10,733
(8,586–12,879)

Drug costs per month,
months ≥4 (range)

14,419
(11,535–17,302)

10,733
(8,586–12,879)

Grade 3–4 AE
management cost (range)a

270 (216–324) 413 (330–495)

Utility

Average (range) 0.82 (0.73–0.90) 0.76 (0.68–0.83)

Other

Time horizon, months
(range)

120 (72–144)

Age, years, median (range) 62 (18–88)

Discount factor (range) 0.03 (0–0.05)

Values in parentheses are the lower and upper bounds of the range
used in sensitivity analyses. All costs are displayed in U.S. dollars.
Drug costs include administration fees.
aCost of AE management × incidence.
Abbreviation: AE, adverse event.
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(WTP) thresholds. These results demonstrated >90% proba-
bility that nivolumab and ipilimumab is cost-effective com-
pared with sunitinib at WTP thresholds of $150,000 per QALY.
Wastage had only a minor effect on the ICER (supplemental
online Table S5). The proportion of patients treated beyond
progression and the proportion of patients treated with
second-line cabozantinib had an effect on the ICER, which
remained below the $150,000/QALY threshold (supplemental
online Tables S6 and S7).

DISCUSSION

We performed a cost-effectiveness analysis of nivolumab
and ipilimumab versus sunitinib in first-line intermediate-
to poor-risk advanced RCC. The ICER for nivolumab and ipi-
limumab was estimated as $125,739/QALY versus sunitinib.

We performed our analysis only on the intermediate-
to-poor-risk group, even though the immunotherapy combi-
nation was found to have a survival benefit in the whole
intention-to-treat population (favorable, intermediate, and
poor risks) in the CheckMate 214 trial [11]. In the exploratory
analysis of the favorable-risk group in this trial, sunitinib was
found to have a superior objective response rate and PFS
compared with nivolumab and ipilimumab; therefore, the
immunotherapy combination will not be part of common
practice in this risk group.

The WTP threshold in the U.S. is considered to be in
the range from $100,000 to $150,000/QALY for cancer drugs,
and from $50,000 to $100,000/QALY for non-cancer drugs [18],
putting this treatment on the high end of the WTP threshold.
Nevertheless, many cancer drugs, especially new biological
agents, are in common use despite an ICER high above this
threshold. For example, the combination of paclitaxel and
ramucirumab for second-line metastatic gastric cancer is
estimated to have an ICER of $1,000,000/QALY [19].

Our approach was to only incorporate the costs where
there was expected to be a difference between the two
groups of patients. Therefore, some costs, such as regular
follow-up visits and regular computed tomography scans,
were not incorporated, as they were considered to be the
same between each arm of the model. Therefore, when
reading the results, one should look only at the incremen-
tal differences in costs and ICER, and not at the total costs.
The total costs in the model will not be fully representative
of actual total costs in the real world.

Our analysis was limited by data availability and our
assumptions. In the sensitivity analyses, we used a range
for certain values to account for possible inaccuracies, as
described above. The use of the �10% boundary for the
utility sensitivity analysis may not reflect the true uncer-
tainty but nevertheless is used as an acceptable boundary
in similar studies [14]. One limitation of this model is that

Figure 2. Univariable sensitivity analyses.
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Table 2. Base case results

Nivolumab + ipilimumab cost Sunitinib cost Incremental cost Incremental effectiveness (QALY) ICER

$292,308 $169,287 $123,021 0.978 $125,739/QALY

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-years.
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it is based upon clinical trial patients as opposed to real-
world patients, where the outcomes may be substantially
different. Ideally the model would incorporate real-world
data; however, as this regimen was only recently approved
for kidney cancer, no such real-world data currently exist.

An important issue in cost-effective analysis is selecting
the appropriate standard of care for the comparator arm in
the model. According to the National Comprehensive Cancer
Network guidelines, there are several preferred options for
first-line therapy in RCC, making this a challenge. The Check-
Mate 214 trial used sunitinib as the competitor arm as it
was the standard of care at the time of the beginning of the
trial.

Sunitinib has been assessed for cost-effectiveness in the
U.S. and has been found to be cost-effective, with an ICER of
$52,593 per QALY gained compared with IFN-α [20]. An eco-
nomic evaluation comparing sunitinib with newer treatments
including IFN and bevacizumab and sorafenib in the U.S. and
Sweden has found sunitinib to be cost-effective [21].

Our study evaluated the cost-effectiveness of the tradi-
tional 4 weeks on followed by 2 weeks off as performed in
the CheckMate 214 trial. Alternate sunitinib schedules, such
as 2 weeks on followed by 1 week off, may influence effi-
cacy outcomes, the adverse-event profile, and adherence to
therapy [22]. Two phase II trials demonstrated less toxicity
and a lower discontinuation rate with comparable efficacy
[23, 24]. Whether alternative schedules change the cost-
effectiveness of sunitinib is unknown.

The cost of grade 3–4 toxicity management was lower
in the nivolumab and ipilimumab arm than the sunitinib
arm because of lower incidence rate, similar to a different
analysis [25]. The data regarding toxicity incidence are lim-
ited by the fact that they are based on a single trial.

The long-term efficacy of nivolumab and ipilimumab in
RCC remains unknown. We await more mature data to see if
there is a plateau on the tail of the survival curve, as seen in
long-term follow-up for immunotherapy in melanoma [9]. At
the 2016 American Society of Clinical Oncology congress,
data of long-term OS with second-line nivolumab from phase
I and II studies were presented. In the phase Ib CheckMate
003 trial, the 3- and 5-year OS rates were 41% and 34%, and
in the phase II CheckMate 010 trial, the 3-year OS rate was
35% [26], giving some hope for long-term survival with
checkpoint inhibitor treatments in RCC.

The long-term survival data for the model are an extrap-
olation, and limit our confidence in the results. Although we
currently have no way of knowing the true long-term sur-
vival data with nivolumab and ipilimumab, there are some
ways to potentially hypothesize the long-term survival with
sunitinib. One study [27] reported long-term efficacy of suni-
tinib pooled from six randomized controlled trials; however,
the follow-up period was only ~40 months, which was insuf-
ficient to validate our extrapolation, which has a 10-year
time horizon. A large real-world study [28] of sunitinib had
follow-up of up to 70 months; however, as this was a real-
world study, the patients included would have been substan-
tially different than those included in the trial. Both studies
included patients with good-risk disease, which also influ-
ences the results and makes any attempt at validation more
difficult.

The CheckMate 214 trial investigators performed an explor-
atory analysis according to programmed death-ligand 1 (PD-L1)
expression levels. In the intermediate-to-poor-risk group, 26%
of the immunotherapy group and 29% of the sunitinib group
had PD-L1 levels >1%. Among the intermediate-to-poor-risk
group, overall survival was longer with nivolumab and ipilimu-
mab across PD-L1 expression levels. The survival advantage
and response rates were more pronounced for the immuno-
therapy arm among patients with >1% PD-L1 levels. PFS was
not different between arms in patients with PD-L1 levels <1%,
but showed a large advantage in patients with PD-L1 > 1%
(median 22.8 vs. 5.9 months) [11].

We did not perform an analysis on this subgroup, but
we speculate that because of the better progression-free
survival and overall survival data the ICER for this group
would potentially be lower than estimated in our study.
The immunotherapy arm had an advantage across PD-L1
expression levels, so PD-L1 testing does not give us predic-
tive information (according to the current data). In prac-
tice, this treatment would be given to all patients with
poor-to-intermediate risk regardless of PD-L1 levels.

It is common practice to continue treatment with check-
point inhibitors beyond first progression in selected cases [29],
which may affect the results of our analysis. In a previous
study, up to 48% of patients were treated with nivolumab
beyond progression in second line RCC, with 13% of them
experiencing a subsequent response (i.e., ≥30% tumor burden
reduction) [30]. This example demonstrates that there may be
clinical benefit of this practice in selected patients. There are
no clear guidelines regarding TBP, and the decision depends
on the clinical judgement of the treating physicians. In the
CheckMate 214 trial, 29% of patients in the nivolumab and
ipilimumab group and 24% of those in the sunitinib group
received TBP. As TBP may offer some clinical benefit only in
a minority of patients, if at all, it is costly from an economic
point of view. TBP was taken into account in our model, but
real-world practices may be different from those in this trial.

The CheckMate 214 trial did not have a crossover design,
meaning patients in the sunitinib arm did not receive the
option to be treated with nivolumab and ipilimumab upon
progression or at any later stage in the study. The most com-
mon therapies given to patients in the sunitinib arm that
progressed were nivolumab as a single agent (27%) and axiti-
nib (19%), and in the nivolumab and ipilimumab arm were

Figure 3. Cost-effectiveness acceptability curves in U.S. dollars.
Abbreviation: QALY, quality-adjusted life-year.
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sunitinib (21%) and axitinib (19%). Nivolumab and ipilimumab
was not evaluated in the second-line setting, and whether
dual checkpoint inhibition in the second-line setting is cost
effective is unknown.

CONCLUSION

Our analysis established that the base case ICER in the model
for nivolumab and ipilimumab versus sunitinib is below what
some would consider the upper limit of the theoretical WTP
threshold in the U.S. ($150,000/QALY) and is thus estimated
to be cost-effective.
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