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Purpose: The aim of this study was to compare the cost-effectiveness of cabozantinib with 

the standard of care in England in adult patients with advanced renal cell carcinoma (aRCC), 

following prior vascular endothelial growth factor receptor (VEGFR)-targeted therapy.

Methods: We developed a partitioned-survival model with three health states to assess the 

cost-effectiveness of cabozantinib and its comparators. The model time horizon was 30 years. 

Efficacy and safety data were derived from pivotal clinical trials (METEOR: NCT01865747, 

CheckMate025: NCT01668784, and AXIS: NCT00678392). METEOR data were used for a 

direct comparison of cabozantinib and everolimus. Cabozantinib and nivolumab were com-

pared indirectly, whereas equal efficacy for axitinib and everolimus was assumed based on a 

previously published expert opinion. For all efficacy endpoints, the best-fitting log-logistic or 

fractional polynomial curves were used to estimate outcomes. Utilities were converted from 

the 5-level EQ-5D version instrument applied during the METEOR study for specific health 

states. Reductions in utility scores due to adverse events were applied. English costs (eg, drug 

prices) and resource use (eg, visit to consultant) data were used.

Results: The total treatment cost was estimated to be 84,136 Great British Pounds (GBP) per 

patient treated with cabozantinib. The health gains were 2.26 life-years (LYs) and 1.78 quality-

adjusted LYs (QALYs). The incremental cost-effectiveness ratios (ICERs) versus axitinib and 

everolimus were 98,967 GBP/QALY and 137,450 GBP/QALY, respectively. Cabozantinib was 

less costly and more effective than nivolumab; the incremental cost was −6,742 GBP and the 

QALY difference was 0.18.

Conclusion: Treatment with cabozantinib was more effective than treatment with axitinib or 

everolimus but was associated with higher total costs. When compared with nivolumab, cabo-

zantinib represents an efficient option with nominally better efficacy and lower costs.

Keywords: incremental cost-effectiveness ratio, health economic analysis, health care costs, 

kidney cancer, targeted therapy

Introduction
Renal cell carcinoma (RCC) refers to a group of cancers that originate in the kidney and 

account for ~80% of kidney cancer cases.1 Advanced RCC (aRCC) includes metastatic 

disease and cancers that have spread to nearby tissues or lymph nodes but that have not 

yet metastasized. Approximately one in three patients presents with metastatic disease 

at diagnosis, and up to 40% of affected individuals develop metastatic disease following 

surgery.2,3 Typical symptoms of metastatic disease include airway obstruction, venous 
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thromboembolism, bone pain, skeletal-related events (SREs), 

and hypercalcemia, causing a significant burden to patients.3,4

There is no cure for aRCC, and survival rates depend on 

the stage of the disease. It has been estimated that the 5-year 

survival rate for aRCC is approximately 10%.5 The goals of 

treatment are to extend life and delay disease progression 

while maintaining cognitive, physical, emotional, and social 

functions.6

Treatment options for aRCC include targeted therapies 

such as axitinib, everolimus, pazopanib, and sunitinib. The 

standard of care for patients with aRCC in England typi-

cally comprises vascular endothelial growth factor receptor 

(VEGFR) tyrosine kinase inhibitors (TKIs) for first-line 

therapy. Further active treatment options include axitinib and 

everolimus; nivolumab, an immune checkpoint inhibitor, has 

recently become available in England for the treatment of 

aRCC after prior therapy. For patients who experience first-

line therapy failure, active treatment options thus include 

axitinib, everolimus, and nivolumab.

Cabozantinib, given via an oral once-a-day tablet, is the 

first therapy for aRCC that has demonstrated, versus an active 

comparator (everolimus), significant improvement in the fol-

lowing three key efficacy parameters: overall survival (OS), 

progression-free survival (PFS), and objective response rate 

(ORR). In the pivotal Phase III randomized controlled trial 

(METEOR), cabozantinib significantly improved OS by 

4.9 months compared with everolimus (hazard ratio [HR] 

=0.66; 95% confidence interval [CI]: 0.53–0.83; P=0.00026) 

and PFS by 3.5 months (intention-to-treat [ITT] population; HR 

=0.51; 95% CI: 0.41–0.62; P<0.0001).7,8 Modeled OS and PFS 

estimates from a network meta-analysis (NMA) suggest supe-

rior OS and PFS benefits of cabozantinib over both axitinib and 

best supportive care (BSC).9 Adverse events observed during 

cabozantinib treatment were consistent with those reported by 

other VEGFR-TKI treatment options for aRCC. Adverse events 

can be managed with supportive care, dose interruptions, and 

dose modifications, which have been shown to be effective in 

limiting or preventing treatment-associated discontinuations.10

Using results of the pivotal Phase III randomized controlled 

trials,8,11 we developed a health economic model to evaluate the 

cost-effectiveness of cabozantinib with axitinib, everolimus, 

and nivolumab for the treatment of adult aRCC patients who 

experienced the failure of prior targeted therapy in England.

Methods
Model design
The following three health states were included in the model: 

PFS, disease progression, and death. The model calculated 

the proportion of patients in each health state according to 

estimated survival functions for PFS and OS using a parti-

tioned survival approach (area under the curve). We chose this 

approach over Markov model, because PFS and OS can be 

modeled independently of each other providing a more flex-

ible approach. It simulated 28-day (ie, 4 weeks) model cycles 

with a time horizon of 30 years. Costs and health effects were 

discounted at an annual rate of 3.5% in accordance with the 

National Institute for Health and Care Excellence (NICE) 

guidelines.12 The primary measures of health effects were 

life-years (LYs) gained and quality-adjusted LYs (QALYs) 

gained. A summary of key characteristics used in the model 

is shown in Table 1.

Modeling efficacy
Treatment effects were estimated using data from randomized 

controlled clinical trials. The published OS and PFS data from 

the METEOR study were used to calculate the proportion of 

patients in each treatment arm at any time point after starting 

treatment.8 The proportion of patients in the postprogression 

Table 1 Summary of key characteristics of the model

Parameter Base case

Country England
Comparators Cabozantinib

Axitinib
Everolimus
Nivolumab

Time horizon 30 years
Perspective NHS and PSS
Cost discount per annum 3.5%
Effect discount per annum 3.5% 
OS estimate METEOR-
based analysis

Log-logistic

OS estimate NMA-based 
analysis

Fractional polynomial

PFS estimate METEOR-
based analysis

Log-logistic

PFS estimate NMA-based 
analysis

Fractional polynomial

Adverse event rates Included in the model as a one-off time 
event. Adverse events are associated 
with additional cost and disutility. Data 
source is trials

Utility values The 5-level EQ-5D version analysis of 
METEOR using English tariffs 

Wastage Included
Types of costs in the model Treatment cost

Cost of adverse events
PFS health state costs
Progressed health state costs
Terminal care cost

Abbreviations: NHS, National Health Service; NMA, network meta-analysis; OS, 
overall survival; PFS, progression-free survival; PSS, personal social services.
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health state at any given time was calculated as the difference 

between OS and PFS. Because there were no head-to-head 

trials comparing cabozantinib with axitinib or nivolumab, an 

indirect comparison via NMA was used.9

For the reference case, patient-level data from the 

METEOR study were used to estimate OS in the cabozan-

tinib (Ipsen Ltd, Berkshire, UK) and everolimus (Novartis 

Pharmaceuticals UK Ltd, Surrey, UK) arms of the model. An 

axitinib (Pfizer Ltd, Kent, UK) arm was added to the model 

by assuming equal efficacy for axitinib and everolimus in 

line with previous advice from clinicians.13 Axitinib could be 

linked to cabozantinib indirectly in a network including the 

TARGET study, which connected sorafenib and placebo,14 

but this study allowed treatment switching, and no results 

adjusted for cross-over were available. The only other alter-

native would be to use OS data that were censored at cross-

over, but this would lead to immature OS results. Without 

adjusted results, there would be a risk that the relative survival 

in the axitinib arm would be underestimated ie, leading to 

underestimation of axitinib efficacy and lower incremental 

QALYs gained. This assumption is also supported by an 

analysis published by Sherman et al (2015).15

We used model fit statistics, visual inspection of curves, 

and anchoring (ie, comparison to published external 

sources) to select the best survival models for OS and PFS. 

A log-logistic distribution, which provided the best fit for 

METEOR-based analysis, was chosen in the base case for 

OS efficacy data for the comparison between cabozantinib, 

everolimus, and axitinib. For the NMA-based analysis, a 

fractional polynomial model provided the best fit and was 

used for the nivolumab (Bristol-Myers Squibb Pharmaceu-

ticals Limited, Middlesex, UK) comparison.16 Similar to the 

OS endpoint, patient-level data from the METEOR study 

were used to calculate PFS in the cabozantinib, everolimus, 

and axitinib treatments of the model (again assuming equal 

efficacy of axitinib and everolimus).

In the economic model, time to treatment discontinua-

tion (TTD) was determined by calculating the proportion of 

patients on treatment at each point in time. For cabozantinib 

and everolimus, treatment duration was based on TTD data 

from the METEOR trial. No TTD Kaplan–Meier data were 

identified for axitinib, and hence the PFS curve from the 

NMA was used as an estimate for TTD. The TTD survival 

curve for nivolumab was extracted from the literature17 and 

fitted using the NMA methods as described in the published 

NMA report.9,17 In the model for TTD, the lognormal distri-

bution provided the best fit for all comparators and was used 

for all comparisons.

Utility inputs
QALYs were estimated by applying utility weights to each 

model health state. All health state utility values were 

based on the 5-level EQ-5D version instrument (EuroQoL 

Group, Rotterdam, The Netherlands)18 as administered in 

the METEOR trial. All treatments were assumed to have 

health state-specific utilities with reductions associated with 

adverse events experienced by patients. The average EQ-5D 

index score for patients without disease progression was 

0.817 (standard error [SE] 0.003) in the METEOR study.16 

The decrement for patients who experienced disease pro-

gression was 0.040 (SE 0.007). The postprogression health 

state utility value was 0.777 (0.817–0.040). Grade 3 and 4 

adverse events in the METEOR study were associated with 

a disutility of 0.055, which was applied to all adverse events 

for all treatments in the model.

Cost inputs
The perspective of the analysis was from the National Health 

Service (NHS) and personal social services in England. We 

included treatment costs, costs of adverse events, PFS health 

state costs, progressed health state costs, and terminal care 

costs. Drug costs were obtained from the British National 

Formulary (BNF)19 and are summarized in Table 2. Informa-

tion on dosages and administration schedules was extracted 

from the relevant pivotal trial descriptions, publications, or 

health technology assessments.20–22 Disease management 

costs and resource use data shown in Table 3 were derived 

from the published Unit Costs of Health and Social Care 

Table 2 Drug formulation, dose, and total cost per 4 weeks model cycle for comparators

Drug Formulation 
(mg)

Cost19 per  
pack, £

Vials/tablets per 
administration

Vials/tablets 
per pack

Dose, mg Weekly 
frequency

Relative dose 
intensity, % (SE)

Total cost  
per cycle, £

Cabozantinib 20/40/60 4,800.00 1.00 28 60/40/20 7 100.0 (0.0)a 4,800.00
Everolimus 10 2,673.00 1.00 30 10 7 83.9 (1.1) 20 2,093.41
Axitinib 5 3,517.08 1.00 56 10 7 102.0 (1.9)21 3,587.34
Nivolumab 40

100
439.00
1,097.00

1.00
2.00b

1
1

3 mg per kg 0.5 97.5 (9.8)22 5,146.15

Notes: aDose intensity is set to 100% given the constant price for each dosing. bBased on an average patient body weight of 80.2 kg.
Abbreviation: SE, standard error.
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201523 and the NHS reference costs 2014–2015.24 The model 

also included end-of-life costs, which occurred during 4-week 

periods preceding death, taken from a 2014 report on the 

cost of care at the end of life among patients who had been 

diagnosed with cancer within 2 years.25 The 2014 hospital 

care costs were inflated to 2017 values using the average 

inflation rate for the UK.26

Analyses
The model estimated costs, LYs, and QALYs. Incremental 

cost-effectiveness ratios (ICERs) were calculated by dividing 

the difference in cost by the difference in LYs and QALYs. 

Parameter uncertainty was examined through one-way and 

probabilistic sensitivity analyses. Input parameter uncertainty 

was estimated using 95% CIs, SEs, or ranges, where avail-

able. When such data were not available, we used ±10% of the 

base case input estimate. The gamma distribution was used in 

probabilistic analyses for cost, while beta distributions were 

used for utility. We performed a second-order Monte-Carlo 

simulation with 10,000 simulations.

Results
The calculated per-cycle costs ranged from 2,093.41 Great 

British Pounds (GBP) for everolimus to 5,146.15 GBP for 

nivolumab (final column in Table 2). The total treatment 

costs varied from 31,980 GBP per patient treated with evero-

limus to 84,136 GBP per patient treated with cabozantinib 

(Table  4). In the base case, treatment with cabozantinib 

resulted in most LYs and QALYs gained. The health gains 

were 2.26 LYs and 1.78 QALYs for cabozantinib. Because 

of the assumption of equal efficacy of axitinib and evero-

limus, the calculated LYs and QALYs were identical for 

the two treatments at 1.4 QALYs and 1.78 LYs gained. The 

corresponding numbers for nivolumab were 1.64 QALYs 

and 2.08 LYs gained. The ICERs of cabozantinib treatment 

versus axitinib and everolimus were 98,967 GBP/QALY and 

137,450 GBP/QALY, respectively. When compared with 

nivolumab, the incremental cost of cabozantinib was −6,742 

GBP and the QALY gain was 0.18. Cabozantinib was thus 

dominant in comparison with nivolumab, meaning less costly 

and more effective.

Figure 1 shows results from one-way sensitivity analyses 

of cabozantinib versus each of the comparators. Results were 

most sensitive to drugs’ costs, time horizon, and discount. 

Because of the higher treatment costs of axitinib compared 

to everolimus, discounts on acquisition prices for the former 

treatment had larger effects on the predicted ICERs. The 

results from probabilistic sensitivity analysis are shown 

in Figure 2. As expected, the scatter plots for comparisons 

of cabozantinib with axitinib and everolimus show similar 

Table 3 Disease management – cost and resource use

Disease state Resource Frequency (SE) per cycle Unit cost (SE), £

Progression-free GP visit 0.50 (0.05) 54.00 (5.40)23

CT scan 0.33 (0.003) Tariff RA14Z 129.00 (18.20)23

Blood test 1.00 (0.10) 3.00 (5.40)24

Consultant/nurse (50:50) 0.67 (0.07) Consultant (tariff WF01A): 93.0023

Nurse specialist: 65.0023

50:50: 79.00 (7.90)
Progression GP visit 1.00 (0.10) 54.00 (5.40)23

Community nurse visit 1.00 (0.10) 65.00 (6.50)23

Blood test 0.67 (0.07) 3.00 (5.40)24

End-of-life costs Various One-off costa 5,912.39 (7.55)23

Note: aApplied as a one-off cost during the last 4 weeks of life.
Abbreviations: CT, computed tomography; GP, general practitioner; SE, standard error.

Table 4 Base case deterministic results

Drug Total 
costs, £

Total 
QALYs

Total life-
years

Cabozantinib incremental cost versus 
each comparator

ICER cabozantinib versus 
comparator (QALYs)

Costs, £ QALYs Life-years

Cabozantinib 84,136 1.78 2.26 – – – –
Axitinib 46,448 1.40 1.78 37,689 0.38 0.49 £98,967 
Everolimus 31,980 1.40 1.78 52,156 0.38 0.49 £137,450 
Nivolumab 90,878 1.64 2.08 −6,742 0.13 0.18 Cabozantinib is dominant

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
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Figure 1 (A-C) One-way sensitivity results: cabozantinib versus comparator.
Notes: Light blue shading indicates scenarios with values below the reference case, while dark blue shading indicates higher values. Comparator drug costs were simulated 
for discounts between 0 and 30% of list prices, while baseline weight was modeled between 65 and 95 kg of body weight.
Abbreviations: GBP, Great British Pounds; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
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Figure 2 Probabilistic sensitivity analyses: scatterplot and cost–acceptability curves.
Notes: (A) Figures show mean (red) and spread (blue) of results from cost-effectiveness sensitivity analyses. The red dot in the nivolumab scenario is found in the lower 
right quadrant, indicating that cabozantinib is dominant, meaning both less expensive and more effective. (B) Graphs plot willingness to pay scenarios (x-axis) against the 
likelihood in percent that the treatment would be considered cost-effective (y-axis).
Abbreviations: GBP, Great British Pounds; PSA, probabilistic sensitivity analyses; QALY, quality-adjusted life-year.
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distributions due to the underlying assumption of equal 

efficacy. The lower cost of the latter treatment causes the 

cost–utility acceptability curve to be more favorable in com-

parison of cabozantinib with axitinib, with a 50% likelihood 

of the treatment being cost-effective reaching at a willingness 

to pay the threshold of ~100,000 GBP. In comparison with 

nivolumab, the scatter plot shows that the additional QALYs 

gained come at a lower cost. The corresponding cost–accept-

ability curve indicates that cabozantinib is more likely than 

not to be cost-effective across the full range of hypothetical 

willingness-to-pay thresholds.

Discussion
We developed a cost-effectiveness model to compare cabo-

zantinib with everolimus, axitinib, and nivolumab in aRCC 

patients who experienced first-line treatment failure of 

VEGFR therapy in England. Cabozantinib was associated 

with most QALYs gained versus all comparators and was 

dominant (ie, more effective and less costly) in compari-

son with nivolumab. While this deterministic result versus 

nivolumab showed that cabozantinib is dominant, the proba-

bilistic sensitivity analysis showed that, in fact, there is no 

clear difference in cost-effectiveness of these two treatments. 

In the scatter plots, the x-axis indicates how costly cabozan-

tinib is compared with nivolumab, while the y-axis indicates 

the effectiveness comparing cabozantinib with nivolumab. 

Therefore, the points in north-east quadrant mean higher 

costs but more QALY gain when comparing cabozantinib 

with nivolumab. Figure 2 shows that the mean point of the 

scatter plots was quite close to the original points, which 

means costs and QALYs were similar in both cabozantinib 

and nivolumab treatments. We found in our NMA that OS is 

similar for cabozantinib and nivolumab and this may be the 

key driver for the similar cost-effectiveness also.

This analysis is subject to limitations and biases common 

to all modeling exercises, which combine data from numer-

ous sources and make structural and data assumptions. Since 

the primary motivation for creating a model is to compare 

therapies in the absence of complete data, the limitation of 

heterogeneous input data can never be entirely avoided.

All assumptions were validated to ensure that they were 

justifiable on the basis of existing data and clinical opinion 

and were subjected to sensitivity analysis. The model used 

survival curve extrapolation for both PFS and OS, based on 

a previously published NMA.9 The result of the model was 

impacted by the assumptions around curve extrapolation. 

In order to examine this impact, we performed sensitivity 

analyses regarding the time horizon, which had a moderate 

impact on the results. The impact on the extrapolation of the 

curves was further assessed using deterministic sensitivity 

analyses in testing all distributions and using probabilistic 

sensitivity analyses on the curves, parameters. As additional, 

long-term or real-world data become available, the model 

can be adjusted and refined to further increase the predic-

tive accuracy.

Trial design differences, especially with regard to treat-

ment switching, made it impossible to establish reliable 

network connections between axitinib and its alternatives 

via published pivotal trial results. The subsequent assump-

tion that axitinib has the same efficacy as everolimus, which 

was based on previously published study,13 is a key weak-

ness. However, to the extent that outcomes can be compared, 

this assumption can be viewed as conservative – effectively 

improving axitinib effectiveness for the purpose of making 

cost–utility comparisons. Furthermore, time on treatment 

for axitinib was not identified in the published literature. 

For axitinib, PFS data were therefore used as a proxy for 

treatment duration. This might not necessarily reflect clini-

cal practice in England, because some patients may receive 

treatment beyond progression. The results of this analysis 

demonstrate that improvements in OS and PFS with cabo-

zantinib translate into longer-term gains in LYs and QALYs 

compared with all relevant comparators in England.

Conclusion
Using published drug costs, treatment with cabozantinib was 

more effective in terms of LYs and QALYs gained than treat-

ment with everolimus or axitinib but also costlier. These con-

clusions held true across a range of scenarios and sensitivity 

analyses, including one-way and probabilistic analyses. The 

analysis also indicated that cabozantinib dominates nivolumab 

in terms of cost–utility. This study illustrates the added value 

of cabozantinib as a treatment for aRCC for patients who expe-

rienced treatment failure of previous VEGFR-based therapy.
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