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ORIGINAL RESEARCH

Reassessing the cost-effectiveness of nivolumab for the treatment of renal cell
carcinoma based on mature survival data, updated safety and lower
comparator price

Hansoo Kima , Stephen Goodallb and Danny Liewa

aSchool of Public Health and Preventive Medicine, Monash University, Melbourne, Australia; bCentre for Health Economics Research and
Evaluation, University of Technology Sydney, Australia

ABSTRACT
Aims: The aim of this study was to estimate the cost-effectiveness of nivolumab versus everolimus for
second-line treatment of renal cell carcinoma (RCC) based on mature data, updated safety and
decreased everolimus price.
Materials and methods: A 3-state (pre-progression/progression-free disease, progressive disease and
death) Markov model was developed from the perspective of the Australian health care system. Two
scenarios were tested. Scenario 1 used 30-months clinical data and scenario 2 used updated 80-
months clinical data with updated everolimus price. Inputs for quality-of-life and costs were informed
by the literature and government sources. Incremental cost-effectiveness ratio (ICER) per quality
adjusted life years (QALY) gained was reported and an ICER threshold of AU$75,000 was assumed.
Threshold analysis was performed, and uncertainty was explored using one-way and probabilistic sen-
sitivity analyses.
Results: In scenario 1, the model estimated 1.73 QALYs at a cost of AU$105,000 for nivolumab and
1.48 QALYs at AU$38,000 for everolimus with an ICER¼AU$266,871/QALY gained. A rebate of 54.4%
was needed for nivolumab to reach the ICER threshold. For scenario 2, 1.93 QALYs at AU$111,418 was
estimated for nivolumab and 1.60 QALYs at AU$31,942 for everolimus with an ICER of AU$213,320/
QALY gained. The rebate needed to reach the ICER threshold was 54.9%. One-way sensitivity analyses
for both scenarios showed that the cost of nivolumab, time horizon and utilities were main drivers.
The cost-effectiveness acceptability curves highlighted the differences in cost-effectiveness of the two
scenarios, as well as significant uncertainty in the results.
Conclusions: A 54% rebate of the published price is needed for nivolumab to be cost-effective in
Australia for the treatment of RCC. At that rebate, nivolumab remains cost-effective despite severe
price erosion of everolimus because of improved longer term follow-up data. We recommend that
generic price erosion should be accounted for when performing cost-effectiveness analysis.
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Introduction

Kidney cancer is the ninth most common cancer diagnosed
in Australia, with 3814 estimated cases and an age-standar-
dized rate of 12.9 per 100,000 in 20191. Renal cell carcinoma
(RCC) accounts for approximately 90% of adult malignant
kidney cancer cases in Australia. International five-year sur-
vival rates for metastatic (stage IV) kidney and renal pelvis
cancer are estimated at between 12-20%2,3, These data sug-
gest a significant unmet clinical need.

Everolimus was the most commonly used second-line
agent for patients with stage-IV clear cell variant RCC in
Australia prior to 2017, with more than 90% market share4.
Everolimus was accepted for listing on the government-sub-
sidized Australian Pharmaceutical Benefit Scheme (PBS) with

a special pricing arrangement in 20145,6. A special pricing
arrangement between the Australian government and a
sponsor leads to a discounted “effective price” which
includes arrangements whereby the government recovers a
percentage of the expenditure through commercial-in-confi-
dence rebates7. The special pricing arrangement for everoli-
mus ended in June 2018 following patent expiry, at which
time a second generic brand was launched in Australia6. As a
result, everolimus was subjected to price disclosure, whereby
the sponsor had to publicly disclose the volume and rebates
given to the government. In price disclosures, if the effective
price is 90% or less of the listed price on the PBS, the listed
price of the drug is then lowered accordingly to reflect the
actual price8.
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Nivolumab, a fully human immunoglobulin monoclonal
antibody which binds to the programmed death-1 (PD-1)
receptor on T-cells, was listed on the PBS in 2017 for the
treatment of advanced RCC. Initial results from the pivotal
phase-III clinical trial with 30months of data were published
in November 20159. They showed that nivolumab reduces
mortality as measured by overall survival (OS) (hazard ratio
[HR]¼ 0.73, 98.5% confidence interval [CI] 0.57 to 0.93) com-
pared with everolimus. The hazard ratio for progression-free
survival (PFS) was 0.88, but the result was not statistically sig-
nificant (95% CI: 0.75 to 1.03, p¼ .11).

Nivolumab was first considered by the Australian
Pharmaceutical Benefits Advisory Committee (PBAC) for treat-
ment of RCC in July 2016, compared with everolimus10. The
PBAC noted that there was no significant difference with
respect to PFS between the two agents and mandated a 60-
month time horizon for the modelled cost-effectiveness ana-
lysis (CEA). The PBAC approved nivolumab for listing on the
PBS for the treatment of RCC in 2017 on the condition that
the price of nivolumab be back calculated using the effective
price of everolimus to ensure an acceptable incremental cost-
effectiveness ratio (ICER) between AU$45,000 to AU$75,00011.

Mature data from the pivotal efficacy study for nivolumab,
based on up to 80months of follow-up, were reported by
Motzer et al12 in July 2020. These showed that PFS was now
significantly better for nivolumab compared to everolimus
(HR ¼ 0.84 [95% CI: 0.72–0.99]). OS was still better in the
nivolumab group HR ¼ 0.73 [95% CI: 0.62–0.85].
Furthermore, new adverse event (AE) data were presented.

An overview of the time line of events described above is
depicted in Figure 1.

The aim of this study was to reassess the cost-effective-
ness of nivolumab as per the decision by the Australian
PBAC back in 2016. Everolimus was nominated and accepted
as the comparator10 with which nivolumab would replace
due to the overwhelming market share back in 2016. The
cost-effectiveness analysis was based on mature data,
updated safety and new comparator price.

Methods

Model

A three-state (pre-progression/progression-free disease, pro-
gressive disease and death) Markov model was developed

for the present analysis see Figure 2. This structure was con-
sistent with most published economic evaluations of RCC
therapies13–16, as well as that considered by the PBAC in
2016 and 201710,11,17. The cycle length was 14 days, and the
time horizon was 60months or 110months depending on
the scenario. The model population comprised an arbitrary
1000 subjects.

Scenario 1 was based on the early data used for the ori-
ginal submission presented by Motzer in 20159 and scenario
2 was based on the updated data from 202012 (see Table 1
for details on model inputs).

Transition probabilities

We assigned PFS and OS data from Motzer 2015 and Motzer
20209,12 over the trial-based period, followed by a further 30
months’ of extrapolation. The time horizon was varied by
±25% to test whether it was a driver of the model. The
authors chose 25% arbitrarily for this sensitivity analysis.
Transition probabilities for PFS and death (1 minus OS) were
calculated according to the relative percentage change
observed in two-week cycles, with the remaining proportion
being attributed to progressive disease.

Survival data from the pivotal trial was reconstructed
using a published method by Hoyle et al. (2011)18. In brief,
the published survival curves were first digitized to obtain
proportions of patients at timepoints needed for the model.

Figure 1. Timeline.

Figure 2. Three-state Markov model.
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Individual patient data were then simulated by assigning a
time interval during which outcomes (death or progression)
or censoring occurred.

We then used the reconstructed survival data set to deter-
mine an appropriate survival distribution for the extrapola-
tion. The choice of survival function was made by comparing
goodness-of-fit statistics and on graphical assessments of the
hazard and survival functions in the following way. The func-
tion with the lowest goodness-of-fit statistic: Akaike
Information Criterion (AIC) and Bayesian Information
Criterion (BIC) statistics were chosen in conjunction with
graphical assessment as recommended by various guide-
lines19,20. Functions that were tested were exponential,
Weibull, gamma, log-logistic and log-normal. The survival
regression was fitted in one model with treatment
as covariate.

Utility estimates

The pivotal trial assessed changes in reported global health
outcomes in each treatment arm based on the EuroQoL five
dimensions three level (EQ-5D-3L) utility index, but utilities
were not reported by health state21. Furthermore, the public
summary documents from the PBAC submissions did not
report the utility values. A poster presented at the
International Society of Pharmacoeconomics and Outcomes
Research (ISPOR) 2017 European meeting22 reported utilities
for the progression-free and progressive disease from the
trial using UK tariffs. The average observed utilities were 0.78
and 0.72 for the progression-free and the progressive states,
respectively. Overall, the differences between Australian tar-
iffs and UK tariffs are relatively small for utility values
between 0.7 and 0.9 as reported by Viney et al.23, and there-
fore, the values from the ISPOR poster were used in
the model.

Drug costs

The 2016 PBS drug costs for everolimus was AU$5,277.88 per
30 tablets of 10mg24. The effective price of everolimus was
unknown. The PBAC initially deemed everolimus not to be a

cost-effective with an incremental cost-effectiveness ratio
(ICER) between AU$75,000 to AU$105,00025. Subsequently, a
price decrease was offered by the sponsor which resulted in
an acceptable ICER between AU$45,000 to AU$75,0005. This
equated to a rebate between 29.5% [¼(AU$105,000-
AU$75,000)/AU$105,000] and 40% (¼ [AU$75,000-
AU$45,000]/AU$75,000). The upper boundary of the rebate
interval was chosen for this study, and thus, the everolimus
price in Scenario 1 was set to AU$5,277.88 x (1-40%) ¼
AU$3747.29. For Scenario 2, the price of everolimus after
patent expiry in 2018 was AU$1726.35. This information was
obtained through publicly-available PBS archives26.

The listed price for nivolumab was AU$2,076.75/100mg
vial and AU$830.70/40mg vial at the time of the first reim-
bursement submission in 201624. It was assumed that
patients would receive 3mg/kg per infusion every 2weeks as
per the clinical trial. The mean body weight of an Australian
patient was assumed to be 80 kg, which meant that each
patient would receive 80 kg � 3mg/kg ¼ 240mg of nivolu-
mab per infusion at a cost of: [2�AU$2,076.75]þ
[1�AU$830.70] ¼ AU$4,984.20. It should be noted that
wastage was not an issue in the model since each infusion
could be given using 2� 100mg vials þ 1� 40mg vial of
nivolumab. The effective price of nivolumab was estimated
by back calculating the minimum rebate required in order to
obtain an ICER below AU$75,000 per QALY.

Disease management costs

Patients were assumed to see a specialist every fortnight for
the first 12weeks and subsequently every month. Blood test
were performed every month, and CT scans every 3months
in the first year and every 6months thereafter. Relevant costs
from the Australian Medicare Benefit Schedule (MBS) were
attached to the healthcare resource items (Supplementary
Table 1).

Treatment-related grade 3–4 AEs reported by 1% or more
patients were included in the model. For Scenario 1, these
included fatigue, anemia, pneumonitis, hyperglycemia and
stomatitis (Supplementary Table 2). Additional grade 3–4
gastrointestinal, hepatic and renal AEs were reported as part

Table 1. Model inputs.
Scenario 1 Scenario 2 One-way sensitivity analysis PSA distributions

Time horizon 60months 110months �/þ 25% –
Utilities Beta
Pre-progression 0.78 (0.225) 0.78 (0.225) ±10%
Progressive disease 0.72 (0.225) 0.72 (0.225) ±10%

Price of treatment
Everolimus AU$3747.29/30 days AU$1726.35/30 days ±20%�
Nivolumab AU$4984.20/infusion AU$4984.20/infusion ±20%

Costs Gamma
Disease management costs
1st year AU$2388.40 AU$2388.40 ±20%
Subsequent years AU$1489.40 AU$1489.40 ±20%

Adverse events costs Gamma
nivolumab AU$471.33 AU$1219.32 ±20%
everolimus AU$1555.49 AU$1813.89 ±20%

Postprogression treatment costs Gamma
nivolumab AU$8636 AU$8636 ±20%
everolimus AU$9255 AU$9255 ±20%

�Scenario 1: þ/� 20%; Scenarios 2: pre-generic price¼AU$3,747.29/30 days.
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of the update of the clinical data for scenario 2. The costs of
these estimated to be AU$747.99 on average for nivolumab
and AU$258.40 for everolimus (Supplementary Table 3).
Costs were obtained from Australian refined diagnosis-
related groups (AR-DRG) cost weights for 2016/201727 and
were not inflated to present dollars for scenario 2 to ease
the interpretation of the analysis.

Subsequent therapy costs

The proportion of patients using therapies postclinical pro-
gression was assumed to be consistent with that observed in
the clinical trial using data from the initial cut of the data9

(nivolumab arm ¼ 55%; everolimus arm ¼ 63%). In the nivo-
lumab arm, 26% received everolimus and 24% received axiti-
nib as subsequent therapy9. For everolimus-treated patients,
9% received sorafenib and 36% received axitinib. Treatment
duration was assumed to be 6months. Applying the respect-
ive published monthly cost for axitinib (AU$6,457.59), everoli-
mus (AU$5,277.88) and sorafenib (AU$5,186.87) and
utilization estimates from clinical trial resulted in a weighted
drug cost of AU$8,636 (nivolumab arm) and AU$9,255 (ever-
olimus arm) being attached to the first cycle of the economic
model.

The study has been performed from an Australian payer
perspective and as such in line with the PBAC reimburse-
ment guidelines. The PBAC guidelines do not recognize for
inclusion of indirect costs and we have therefore not
included these.

Discounting

Costs, years of life lived and quality-adjusted life years
(QALYs) lived were discounted at an annual rate of 5%, as
per Australian guidelines20.

Sensitivity analyses

A series of one-way sensitivity analysis for key variables were
performed, with variations to key input parameters described
in Table 1. Probabilistic sensitivity analyses (PSA) were also
undertaken using standard distributions28.

Software

Survival data were digitized using WebPlotDigitizer29. The
reconstruction of survival data was performed using Excel

2019 and the statistical software R. SAS version 9.4 and R
were used to assess the estimated survival functions. The
model was developed in Microsoft Excel 2019 and @Risk ver-
sion 8 was used for the PSA.

Input data and PSA distributions are summarized in
Table 1.

Results

Extrapolation of survival data

AIC and BIC values for the extrapolation of PFS and OS data
suggested that the log-normal and log-logistic functions,
respectively, were the most appropriate, in both Scenario 1
and Scenario 2 (Supplementary Table 4).

Comparison of the predicted survival based on the
extrapolation from the interim data cut to the actual
observed survival is displayed in Supplementary Figures
1(a,b). The observed OS was generally well predicted for
both nivolumab and everolimus, with only a slight underesti-
mation of OS for nivolumab at 60months (observed 26% vs
predicted 24.2%). PFS at 36months for nivolumab was
underestimated (observed 9% vs predicted 3.5%). On the
other hand, PFS for everolimus was overestimated (observed
1% vs 2.9% predicted).

Results of the cost-effectiveness analysis

The results of the CEA are reported in Table 2. In Scenario 1,
using the lognormal distribution to extrapolate PFS and the
loglogistic distribution to extrapolate OS, the model esti-
mated 1.73 QALYs and 2.35 life years (LY) for nivolumab
compared to 1.48 QALYs and 2.00 LYs for everolimus (dis-
counted) over the 60-month time horizon. Total costs (dis-
counted) were AU$105,000 for nivolumab and AU$38,000 for
everolimus (taking into account the 40% rebate). This
resulted in an ICER of AU$266,871 per QALY gained. A rebate
of 54.4% (effective price¼ listed price�(1- rebate) ¼
AU$4984.20 – (1� 54.4%) ¼ AU$2272.80) was needed for
nivolumab to reach the ICER threshold AU$75,000 per
QALY gained11.

In Scenario 2, with updated safety and a new price of
everolimus, the model estimated 1.93 QALYs and 2.86 LYs
for nivolumab and 1.60 QALYs and 2.34 LYs for everolimus
(discounted). Total costs (discounted) were AU$111,418 for
nivolumab and AU$31,942 for everolimus. As a result, the
ICER decreased to AU$213,320 per QALY gained. The rebate
needed to reach the ICER threshold of AU$75,000 per QALY

Table 2. Cost-effectiveness analysis results.
Scenario 1

(time horizon¼ 60 months)
Scenario 2

(time horizon¼ 110 months)

Nivolumab Everolimus Nivolumab Everolimus

LY 2.35 2.00 2.86 2.34
QALY 1.73 1.48 1.93 1.60
Total costs AU$104,798 AU$37,749 AU$111,418 AU$31,942
QALY difference 0.25 0.38
Cost difference AU$67,049 AU$80,796
ICER (AU$ per QALY gained) AU$266,871 AU$213,320
% nivolumab rebate needed for ICER¼ 75,000 54.4% 54.9%
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gained was 54.9% (effective price¼ listed price�(1- rebate)
¼ AU$4984.20 – (1� 54.9%) ¼ AU$2247.87).

Increasing the time horizon to 110months increased the
incremental QALYs gained by more than 40% (from 0.27 to
0.38) at a modest 20% increase in costs (from AU$67,049 to
AU$80,796). This was most likely due to the fact that more
than 95% of the patients have already progressed (Figure 2)
by 60months, and therefore, little extra treatment cost was
accrued from then on. It is worth noting that the additional
QALY gain from 60months to 110months largely arose from
patients in the progression health state. The inclusion of the
additional AEs only slightly increased the costs from
AU$28,364 to AU$28.894.

The one-way sensitivity analysis for both scenarios
showed that the cost of nivolumab, the time horizon and
utilities are the main drivers of the model (Figure 3).

For the one-way sensitivity analysis of the everolimus
price at pre-generic level (AU$3747.29/30 days), a rebate of
47.8% (effective price¼ listed price�(1- rebate) ¼
AU$4,984.20�(1� 47.8%) ¼ AU$2,601.75) was required for
nivolumab to be cost-effective at the AU$75,000 threshold.

The cost-effectiveness scatterplots (Supplementary Figure
2) and acceptability curves (Figure 4) highlighted the differ-
ences in cost-effectiveness of the 2 scenarios, as well as sig-
nificant uncertainty in the results. With rebates to make the
base-case ICER at AU$75,000 per QALY gained, uncertainty
reduced considerably.

Discussion

Reassessing the cost-effectiveness of nivolumab for the treat-
ment of RCC versus everolimus resulted in nivolumab being
cost-effective at a threshold of $75,000 with a rebate level of
approximately 54%. This CEA was sensitive to the price of
nivolumab, the time horizon and quality of life utilities.

The updated clinical data12 enable reassessment of the
cost-effectiveness of nivolumab while clarifying some of
the uncertainties surrounding PFS and OS as pointed out the
PBAC in its original assessment10. While PFS was not signifi-
cant at the initial data cut9, the present study suggests that
the PFS was a major source of uncertainty. Furthermore, the
extrapolation of the OS predicted the observed mature OS

Figure 3. One-way sensitivity analyses.

Figure 4. Cost-effectiveness acceptability curves.
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reasonably well, which provides confidence in the accuracy
of the model. Another issue that the updated clinical data
provided was an update on AEs. It is well known that AEs for
immune-checkpoint inhibitors are different from other cancer
drugs and that they can occur late in the treatment regi-
men30. However, the one-way sensitivity analysis show that
AEs were not a source of major uncertainty.

A limitation of our study was that the extrapolations were
restricted by the unavailability of individual patient data
(IPD). Another published nivolumab CEA by Mahon et al.22

did not provide details on the extrapolations, and therefore,
the reconstructed survival data could not be validated. There
are other methods for reconstructing survival data [31], but
the one we adopted was developed using RCC data and
therefore deemed more appropriate to use. A major chal-
lenge with the method that we used is the availability of
statistical software to deal with interval censoring data, mak-
ing it a challenge to asses extrapolations based on spline
models and other nonstandard statistical distributions.
Regardless of these shortcomings, the choice of log-logistic
functions for both Scenario 1 and 2 was consistent with
what was derived from the IPD in the PBS submission by the
sponsor11. Another limitation is that subsequent therapy
data were only included for the 30-months data. It is pos-
sible that inclusion of data from the longer 80-month data
cut would yield another estimate. However, the sensitivity
analysis did not have subsequent therapy as a main driver of
the model and therefore this would most likely not have a
big influence on the results. Finally, access to IPD would also
have enabled further investigation with respect to gender,
age and comorbidities.

The effective price of nivolumab is unknown as there is
a special pricing arrangement. This current listed price of a
100mg vial of nivolumab is AU$2077. We estimated that a
rebate between 54.4% to 54.9% was required for nivolumab
to be cost-effective at an ICER threshold of AU$75,000 per
QALY gained. This would mean that the effective price per
100mg vial would be around between AU$937 to AU$947. A
public summary document of the deliberations of the PBAC
for the reimbursement of nivolumab in adjuvant melanoma32

reports updating the 100mg vial price from AU$1200 to
AU$955 during the health technology assessment. This
would equate to a rebate on the list price of 42.2% to 54.0%,
which provides confidence that the rebate level that we esti-
mated for nivolumab is comparable to the true rebate.

Another limitation is the dosage of nivolumab and evero-
limus in the real world. We assumed that the for nivolumab
the average body weight was 80 kg, but this is likely to be
different in the real world which would also have an impact
wastage. It is well known that AEs can be managed by low-
ering the dose of everolimus33,34, which would reduce the
cost of the comparator. Further research is needed to
assess this.

Our study demonstrates that re-evaluation of drugs post-
reimbursement is worthwhile. While our assessment did not
result in a major difference in ICER or the proposed rebated
price of nivolumab, it highlights the complex issue of assess-
ing cost-effectiveness. The drop in list price of the

comparator everolimus from AU$5277.88 to AU$1726.35 fol-
lowing patent expiry had the potential to dramatically
impact the cost-effectiveness including any rebates of nivolu-
mab. However, updated clinical trial data demonstrated bet-
ter effectiveness and the improved survival data offset the
additional incremental costs. Nonetheless, this study high-
lights potential issues of not taking generic prices into
account when performing CEA. We therefore recommend
that payers develop policies to ensure that in the long term
they do not over pay for new drugs, especially when the
comparator loses patent protection.

Conclusion

Nivolumab is a cost-effective option with a price reduction
of 54% for the treatment of RCC in Australia despite severe
price erosion of the comparator. The price rebate needed for
nivolumab to be cost-effective at a AU$75,000 threshold for
the treatment of RCC in Australia is estimated to be between
around 54%. In general, taking generic price erosion into
account when performing CEA is recommended.
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