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Background: The phase 3 clinical trial KEYNOTE-426 suggested a higher efficacy

regarding overall survival (OS) and progression-free survival (PFS) of

pembrolizumab+axitinib compared to sunitinib as a first-line treatment for

patients with advanced renal cell carcinoma. In this analysis, the potential

cost-effectiveness of this combination treatment versus sunitinib for patients

with advanced clear-cell renal cell carcinoma (accRCC) was examined from the

societal perspective in the Netherlands.

Methods: For this analysis, a partitioned survival model was constructed. Clinical

data were obtained from the published KEYNOTE-426 trial reports; data on costs

and (dis-)utilities were derived from published literature. Costs outside of the

healthcare sector included treatment-related travel, informal care and

productivity loss. Next to a probabilistic scenario analysis, various scenario

analyses were performed that aimed at survival extrapolation, different utility

values, treatment duration and drug pricing, as well as restricting the cohort to

patients with an intermediate or poor prognosis. Further, a budget impact

analysis over three years was conducted, in which a sensitivity analysis

concerning ranges in costs and the number of patients was applied. Moreover,

a scenario concerning increasing market penetration of pembrolizumab+axitinib

up to a market share of 80% in the third year was analyzed.

Results: The incremental cost-effectiveness ratio (ICER) of pembrolizumab

+axitinib was estimated at €368,396/quality-adjusted life year (QALY) gained,

with an incremental QALY gain of 0.55 over sunitinib. The probability of cost-

effectiveness at a willingness-to-pay threshold of €80,000/QALY was estimated

at 0%, a 50% probability was estimated at €340,000/QALY. Cost-effectiveness

was not achieved in any of the applied scenarios. The budget impact over three

years amounted to €417.3 million upon instantaneous and full replacement of

sunitinib, and to €214.9 million with increasing market penetration.
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Conclusion: Pembrolizumab+axitinib was not estimated to be cost-effective

compared to sunitinib as a first-line treatment for patients with accRCC in the

Netherlands from a societal perspective. In none of the analyzed scenarios, cost-

effectiveness was achieved. However, price reductions and shorter treatment

durations might lead to a more favorable ICER.
KEYWORDS

cost-effectiveness, budget impact, pembrolizumab, axitinib, sunitinib, renal cell
carcinoma, societal perspective
1 Introduction

In 2020, 138,611 patients were diagnosed with kidney cancer

across Europe (1). In the Netherlands, there were 2,697 diagnoses of

kidney cancer in 2021, making it one of the 15 most common

cancers nationwide (2, 3). Kidney cancer has an average five-year

survival rate of approximately 67% across all age groups and disease

stages (3). The most common type of kidney cancer (90% of all

cases) is renal cell carcinoma (RCC) (4), of which 70% are clear-cell

tumors (5). At diagnosis, about a third of cases are already

metastatic; a further 20-50% of diagnosed patients will progress to

that stage despite surgical treatment (6). At the advanced stage,

which is characterized by the cancer having spread to other organs

and/or distant lymph nodes (7), the five-year survival rate amounts

to only 11% in the Netherlands (8).

In the past decade, treatment for advanced RCC (aRCC) has

evolved considerably. Treatments targeting vascular endothelial

growth factor (VEGF) have become prevalent, succeeding

cytokine-based therapies (9). VEGF inhibitors rely on a VEGF

blockade or on inhibiting VEGF receptors, or the signaling of the

downstream receptors (10). A US-based study investigating the

period from 2011 to 2015 found that 88% of aRCC patients received

tyrosine kinase/VEGF-directed agents as treatment (11). At that

time, the globally approved drug sunitinib was the standard

treatment for patients with advanced clear-cell RCC (accRCC)

(12). It is a tyrosine kinase inhibitor (TKI) targeting processes

involved in tumor growth, progression, metastasis, and

angiogenesis (13). According to a study by the Dutch Healthcare

Institute (ZIN) in 2017, 73% of patients with RCC in the

Netherlands received first-line systemic treatment with

sunitinib (14).

More recently, immune checkpoint inhibiting agents have seen

an increase of applications (9). Pembrolizumab is a humanized

monoclonal IgG4 kappa anti-programmed cell death protein (PD1)

antibody that inhibits cytotoxic activity upon being bound to the

protein (15, 16). Axitinib is an oral second-generation TKI targeting

VEGF receptors (16, 17). The KEYNOTE-426 study, a phase 3

randomized controlled trial (RCT), tested a combination treatment

of pembrolizumab and axitinib as a first-line treatment for patients

with accRCC (16, 18). Compared to sunitinib, the combination

treatment showed a higher efficacy regarding overall survival (OS)

and progression-free survival (PFS). Risk of death was estimated to
02
be 47% lower (hazard ratio [HR] 0.53; 95% CI: 0.38–0.74) (16). The

estimated median PFS at data cut-off was 15.1 months (95% CI:

12.6–17.7) for pembrolizumab+axitinib versus 11.1 months (95%

CI: 8.7–12.5) for sunitinib across all IMDC risk categories (16).

Median OS was not reached at data cut-off for pembrolizumab

+axitinib (estimated OS rate at 24 months: 74.4% [95% CI: 69.9–

78.2]) and estimated at 35.7 months for sunitinib (95% CI: 33.3–not

reached) (18). In the follow-up publication, a median PFS of 15.4

months was reported for pembrolizumab+axitinib (95% CI: 12.7–

18.9) compared to 11.1 months (95% CI: 9.1–12.5) for sunitinib

(18). Based on the results of the KEYNOTE-426 trial, the European

Medicines Agency (EMA) approved this new intervention as a first-

line treatment for patients with aRCC (19).

While recommending the use of the combination treatment in

the Netherlands, the Dutch Society for Medical Oncology (NVMO)

voiced their concerns regarding the high costs of pembrolizumab

+axitinib and the lack of information about the most efficient

second-line treatment in case of progression (20). Whether this

intervention is cost-effective for patients with accRCC in the

Netherlands compared to sunitinib is not clear. Therefore, this

study investigated whether pembrolizumab+axitinib would be cost-

effective compared to sunitinib as a first-line treatment for patients

with accRCC in the context of the Dutch health care system from a

societal perspective.
2 Materials and methods

2.1 Model structure

Following the modelling guidelines by the International Society

for Pharmacoeconomics and Outcomes Research (ISPOR) (21–23),

a partitioned survival model (PSM) based on a Markov decision

model was constructed to estimate the treatment costs and effects of

pembrolizumab+axitinib and sunitinib, respectively. This model

included three different health states: PFS, progressed disease (PD),

and death (Figure 1). For each treatment arm, the simulated cohort

included 1,000 patients who were all assumed to meet the

requirements for treatment, and to start treatment in the PFS

state. Treatment with the intervention or the comparator would

continue until disease progression or death, whichever occurred

first. Upon entering the PD state, patients would either receive
frontiersin.org
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second-line chemotherapy or best supportive care. Discontinuation

of treatment due to adverse events (AEs) was assumed and included

in the model based on KEYNOTE-426 trial data (18) as follows:

21% of patients in the pembrolizumab+axitinib arm were assumed

to permanently stop receiving pembrolizumab; 20% stopped being

treated with axitinib. In the sunitinib arm, 12% of patients were

assumed to discontinue treatment due to AEs (18). In both arms,

discontinuation was modelled to occur after five cycles (15 weeks)

based on corresponding data for the pembrolizumab+axitinib arm

in the KEYNOTE-426 trial (16).

The model cycle length was three weeks. A time horizon of 15

years, tantamount to a lifetime horizon, was applied. Regarding the

transition of patients to a different health state within a cycle, half-

cycle correction was applied (23–25). The median age for each

patient group – 62 years for pembrolizumab+axitinib, 61 years for

sunitinib – was taken from the KEYNOTE-426 trial data (16, 18).

The primary model outputs were total costs, quality-adjusted

life years (QALYs), and the incremental cost-effectiveness ratio

(ICER). Life years (LYs) were used as an additional output. The

primary data source for the model consisted of the results from the

KEYNOTE-426 trial (16, 18). Further data were taken from publicly

available databases (e.g., the Dutch Central Statistics Bureau [CBS])

and literature published in peer-reviewed journals. For the

construction of the model, Microsoft Excel® (Microsoft

Corporation, Redmond, Washington, USA) was used.
2.2 Estimates on clinical outcomes
and adverse events

For each treatment arm, parametric extrapolation curves were

fitted to the Kaplan-Meier (KM) survival curves presented in the
Frontiers in Oncology 03
KEYNOTE-426 trial reports (16, 18). WebPlotDigitizer was used to

obtain detailed values for time and PFS/OS probability throughout

the clinical follow-up period. The obtained data at time points of

every 1.5 months were applied to the curve-fitting method by Hoyle

& Henley (26). The thus obtained data on progression and/or death

and censorships served as input for a curve-fitting code compiled in

RStudio. The gathered AIC scores and intercept and log(scale)

values were included in the model to compute the extrapolation

curves (exponential, Weibull, lognormal, loglogistic). For both

treatment arms, the lognormal distribution was used to estimate

the PFS, and the Weibull distribution to estimate the OS over the

time horizon based on AIC score, face validity, and clinical

plausibility (see Supplementary Table 2 for the parameters,

Supplementary Figures 1–4 for the extrapolated survival curves)

(27). Clinical plausibility of the extrapolation was further tested

against the PFS and OS rates in the KEYNOTE-426 trial at the 42-

month follow-up point (28). Moreover, assuming better long-term

OS for patients treated with pembrolizumab+axitinib, survival rates

for sunitinib were modelled not to surpass the rates for the

combination treatment at any point within the time horizon.

Background mortality was accounted for to adjust the

probability of transitioning to the death state at different ages. For

the respective median ages of each treatment arm, the rate of death

was calculated based on age-stratified instantaneous mortality data

as well as the follow-up life years within the time horizon. Mortality

data was taken from life tables for 2020 published by CBS (29). To

avoid double-counting, the background mortality coefficient was

adjusted for deaths by ccRCC with data taken from IKNL and

published literature (Supplementary Table 4) (3–5).

Grade 3/4 AE with an incidence of ≥5% were included in the

model (18). In order to avoid double-counting regarding costs and

dis-utilities, thrombocytopenia was assumed to be the same as
FIGURE 1

Diagrammatical representation of the model structure. PD, progressed disease; PFS, progression-free survival.
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decreased platelet count. The same assumption applied to

neutropenia and decreased neutrophil count. The prevalence of

AEs to estimate the patient-based dis-utilities and costs was taken

from the KEYNOTE-426 trial reports (18).
2.3 Utility and cost estimates

QALYs were estimated by adjusting the gained LYs by health-

related quality of life (HRQoL). Utility-related inputs based on EQ-

5D data (30) were derived from literature. The baseline utility as

well as utility with the pembrolizumab+axitinib treatment was

assumed at 0.76, with the sunitinib treatment at 0.72; the utility

in the PD state was assumed at 0.66 for all patients (31, 32).

For AE-related dis-utilities, estimates were taken from

published literature as well as from publications by ZIN on

comparable treatments for the same indication (14, 33–35).

Where dis-utilities for AE were not available for accRCC

patients, corresponding values for comparable indications

were utilized. Details are shown in Table 1 and Supplementary

Table 1. Differing utility values applied in published cost-
Frontiers in Oncology 04
effectiveness analyses (CEAs) on pembrolizumab+axitinib

versus sunitinib were included as scenarios in the sensitivity

analysis (47, 48).

In accordance with the societal perspective chosen for this

analysis, healthcare and societal costs were considered. Healthcare-

related costs included costs for drug acquisition, administration, AE

treatment, healthcare resource use, best supportive care, and end-of-

life care. Costs outside of healthcare included travel costs, informal

care costs, and productivity loss (Table 1; Supplementary Table 1). All

costs were inflation-adjusted to 2021 values in euros with the Dutch

Consumer Price Index as reference (40, 49). Drug acquisition and

administration data as foundation for the corresponding costs were

based on the KEYNOTE-426 trial (16, 18). Pembrolizumab was

administered intravenously at a 200 mg dose once every three

weeks for a maximum of 35 cycles (barring earlier disease

progression or death). Axitinib was administered orally at a dose of

5 mg twice daily; treatment routine was assumed to last until disease

progression (16, 18); Sunitinib was administered orally at 50 mg once

a day for the first four weeks of a six-week cycle (16, 18). As with

axitinib, treatment was assumed to continue until disease progression

(18). To fit the three-week cycle applied in the model, administration
TABLE 1 Model input parameters (baseline values, ranges, distributions for sensitivity analysis).

Variable Baseline value (95% CI) Reference Distribution

Treatment-based health state utility parameters

Baseline utility 0.760 (0.700–0.820) (31) beta

Utility PFS P+A 0.760 (0.710–0.810) (31) beta

Utility PFS sunitinib 0.720 (0.649–0.791) (32) beta

Utility PD 0.660 (0.547–0.773) (31) beta

Cost parameters for drug acquisition in PFS and treatment administration

Price of pembrolizumab (50 mg) €1,430.28 (36) gamma

Price of axitinib (per 5 mg) €68.78 (37) gamma

Price of sunitinib (per 50 mg) €113.93 (38) gamma

Administration costs pembrolizumab €308.98 (€248.42–€369.55) (14, 39) gamma

Pharmaceutical delivery costs per pick-up of axitinib/sunitinib (indexed) €6.62 (40) gamma

Healthcare resource use cost parameters in PFS

Visit to outpatient clinic €100.00 (€80.40–€119.60) (41) gamma

Inpatient care €537.00 (€431.75–€642.25) (41) gamma

Daycare treatment €308.98 (€248.42–€369.55) (41) gamma

Emergency treatment €290.26 (€233.37–€347.15) (14) gamma

Blood test (lab) €12.48 (€10.04–€14.93) (14) gamma

X-ray €58.26 (€46.84–€69.68) (14) gamma

CT scan €209.11 (€168.12–€250.10) (14) gamma

MRI scan €376.61 (€302.79–€450.42) (14) gamma

Ultrasound €125.88 (€101.21–€150.56) (14) gamma

(Continued)
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of sunitinib was assumed to occur for 14 out of 21 days. Costs for AE

treatment were derived from published literature (50–52).

Regarding treatment upon disease progression, 50% of patients

in the pembrolizumab+axitinib arm and 60.7% in the sunitinib arm

were assumed to receive second-line treatment (16). The

distributions regarding these treatments were based on relevant

results of the KEYNOTE-426 trial (16), as well as a Dutch expert

estimate, and are shown in Table 1 and Supplementary Table 1. The

treatment durations were taken from the recommendation by ZIN

regarding avelumab+axitinib for accRCC (14).
Frontiers in Oncology 05
Travel costs incurred for receiving intravenous (IV)

chemotherapy and for healthcare resource use at the hospitals, as

well as for receiving orally administered drugs (self-administration

assumed) at the pharmacy. Costs for informal care were based on the

proxy good method (40, 53); published recommendations by ZIN on

aRCC treatments served as reference for the hours spent on such care

by an informal caregiver (Table 1; Supplementary Table 1) (14, 39).

Costs regarding absenteeism-related productivity loss were estimated

through applying the friction cost method and using relevant data

from CBS (30, 43–45). 20% of patients were assumed to still be
TABLE 1 Continued

Variable Baseline value (95% CI) Reference Distribution

EKG €50.98 (€40.99–€60.97) (14) gamma

Patient distribution regarding second-line treatment after disease progression (first-line treatment P+A)

Best supportive care only 50.00% (16) Dirichlet

Cabozantinib 30.00% expert opinion Dirichlet

Nivolumab 15.00% expert opinion Dirichlet

Everolimus 1.00% expert opinion Dirichlet

Axitinib 2.50% expert opinion Dirichlet

Sunitinib 1.50% expert opinion Dirichlet

Patient distribution regarding second-line treatment after disease progression (first-line treatment sunitinib)

BSC only 39.30% (16) Dirichlet

Cabozantinib 12.14% expert opinion Dirichlet

Nivolumab 48.56% expert opinion Dirichlet

Everolimus 0.00% expert opinion Dirichlet

Axitinib 0.00% expert opinion Dirichlet

Sunitinib 0.00% expert opinion Dirichlet

Cost parameters for travel and informal care

Cost per km travelled €0.30 (42) gamma

Distance to hospital [km] 7.0 (4.26–9.74) (40) gamma

Distance to pharmacy [km] 1.3 (0.79–1.81) (40) gamma

Informal care costs per hour (indexed) €15.55 (€12.50–€18.60) (40) gamma

Input parameters regarding productivity loss

Friction period [days] 138.439 (40, 43, 44) gamma

Productivity cost per hour €37.30 (€22.68–€51.92) (44) gamma

Average working hours per week 32.1 (19.517–44.683) (45) gamma

Share of working patients in the PFS state 20% (12.160%–27.840%) (14, 39, 44) gamma

Share of working patients in the PD state 0% (14, 39, 44)

Hours of unpaid work lost due to treatment administration at hospital 0.38 (0.104–0.656) (46) gamma

Hours of unpaid work lost due to treatment administration at home 0.41 (~0–0.843) (46) gamma

Cost unpaid work per hour [indexed] €15.55 (€9.45–€21.64) (40) gamma
BSC, best supportive care; CI, confidence interval; CT, computer tomography; EKG, electrocardiogram; MRI, magnet resonance imaging; P+A, pembrolizumab+axitinib; PD, progressed disease;
PFS, progression-free survival. Costs are indexed to 2021.
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working in the PFS state, with the remainder already being retired

(14, 39). In the PD state, all patients were assumed to have retired.

Further, productivity losses for unpaid work on part of the patient

and of their informal caregiver during the friction cost period (40)

were included. Such losses were assumed to be linked to first- and

second-line treatment administrations (46). The costs were based on

hourly proxy costs for cleaning labor in the Netherlands (40). On part

of the informal caregiver, working hours lost included absenteeism

and presenteeism (54). A 40% increase in working hours lost was

assumed for informal caregivers of patients in the PD state (14, 39).

In accordance with the ZIN reference case, an annual constant

discount rate of 4% for costs and 1.5% for effects was adhered to

(30). The willingness-to-pay (WTP) threshold was set at €80,000/

QALY as the applicable threshold for aRCC in the Netherlands

(14, 55).
2.4 Sensitivity analysis

A probabilistic sensitivity analysis (PSA) was conducted to

illustrate the robustness of our results. 1,000 Monte Carlo

simulations were conducted; for parameters constrained between

0 and 1 (utility values and AE incidences), beta distributions were

used, and gamma distributions were applied to costs and other

parameters constrained to values >0 (56, 57). Multinominal data

regarding subgroups of patients in the PD state was subject to a

Dirichlet distribution (56). Uncertainty regarding survival data was

accounted for by applying variance-covariance matrices using the

Cholesky decomposition method in the PSA (56). Where possible,

95% confidence intervals (CI) were determined through applying

the input parameter’s standard error (SE) values. Subsidiarily, the

SE was assumed as a fraction of the parameter’s mean value. A

detailed schedule of the parameters and how the probabilistic values

were determined is provided in Supplementary Table 3. A cost-

effectiveness plane was constructed to show the base-case ICER and

the uncertainty surrounding costs and effects. Cost-effectiveness

acceptability curves (CEACs) were designed to determine the cost-

effective intervention (57).

Moreover, several scenario analyses were carried out. These

involved alternative distributions for PFS and OS, best-/worst-case

scenarios regarding utility values, and utility values based on

published CEAs on pembrolizumab+axitinib versus sunitinib (47,

48). Regarding cost parameters, hypothetical lower pricings of

pembrolizumab and axitinib (decrease by 10%, 20%, and 50%,

respectively) were considered. Further, a shortened first-line

treatment duration of 35 and 15 cycles, respectively, was assumed.

A different distribution of second-line treatment drugs based on an

expert report referenced in a recommendation by ZIN constituted a

further scenario. A further scenario applied a second-line treatment

patient distribution in accordance with an expert estimate referenced

in the ZIN recommendation on avelumab+axitinib (Table 1;

Supplementary Table 1) (14). An additional scenario exclusively

included patients with an intermediate/poor IMDC risk score. Sub-

scenarios to this scenario concerned price reductions and shortened

first-line treatment durations as mentioned above. The relevant

survival probabilities were modelled after the specific KM curves
Frontiers in Oncology 06
in the KEYNOTE-426 trial (18), with the same selection process for

the curve-fitting distribution being applied. For all scenario analyses,

all parameters that were not altered in view of the respective scenario

were held constant.
2.5 Budget impact analysis

Based on the base case results of the CEA, a budget impact

analysis (BIA) was conducted from the national-governmental

perspective of the Dutch government as the budget holder.

Following the ZIN reference case, the analysis included

healthcare-related costs over a time horizon of three years (30).

Costs were not discounted (58). The patient population was, as a

first step, derived from kidney cancer incidence figures for 2019

through 2021 (3). In order to estimate the yearly number of new

patients with accRCC, the respective shares of patients with RCC

(90%) and ccRCC (70% of RCC patients) were taken from existing

studies (4, 5). Further literature was utilized to account for patients

whose disease has already advanced at the time of diagnosis (33%)

and, respectively, would progress to the advanced stage despite

surgical resection (35% as mean value of 20%–50%) (6). The share

of accRCC patients eligible for the treatment was derived from the

KEYNOTE-426 trial reports (16, 18). No transfer of patients from

the standard treatment to the alternative treatment was assumed.

To perform the analysis, the BIA calculation tool by The

Netherlands Organization for Health Research and Development

(ZonMw) was utilized (59). Three scenarios were considered to

account for the uncertainty of the cost parameters. The main

scenario was built on the base case results of the CEA, the second

scenario concerned a 15-cycle treatment for both treatment arms

and prices for pembrolizumab and axitinib reduced by 50%, and the

third scenario exclusively involved patients with an intermediate/

poor IMDC risk score. For this particular scenario, patient data

regarding that risk group were obtained from a real-world study on

aRCC patients in the Netherlands (60).

A sensitivity analysis was performed to account for the

uncertainty regarding patient and cost data. In accordance with

the calculation tool’s capacities, ranges of 90%–115% for the patient

population and of 80%–130% for costs were assumed. Moreover,

given that the base case of the BIA assumed an instantaneous and

full replacement of sunitinib by pembrolizumab+axitinib on the

market, a scenario analysis was included that assumed a market

penetration of the combination treatment of 25% in the first year,

50% in the second year, and 80% in the third year.
3 Results

3.1 Base case

The extrapolated survival curves derived from the KM curves for

OS and PFS in the clinical trial are shown in Supplementary

Figures 1–4. For pembrolizumab+axitinib, the median PFS rate was

estimated at approximately 15.5 months, compared to approximately

9.8 months for sunitinib. According to the extrapolation in the model
frontiersin.org
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that was adjusted for background mortality, the median OS rate was

estimated at 42.9 months for pembrolizumab+axitinib and 31.9

months for sunitinib. 33.7% of patients treated with

pembrolizumab+axitinib were projected to reach 5-year survival

compared to 25.6% of patients receiving treatment with sunitinib.

Compared with patients treated with sunitinib, the model projected

a gain of 0.55 QALYs (2.79 versus 2.25 QALYs) and 0.65 LYs (4.02

versus 3.37 LYs) for patients receiving pembrolizumab+axitinib over a

15-year time horizon. Detailed cost results are shown in Table 2.

The total costs for the pembrolizumab+axitinib treatment

amounted to €401,071 versus €200,272 for sunitinib, resulting in

an increment of €200,799. Acquisition costs in the PFS state were
Frontiers in Oncology 07
estimated at €194,055 for pembrolizumab+axitinib and at €36,633

for sunitinib. Administration costs in the PFS state amounted to

€5,689 for pembrolizumab+axitinib and €80 for sunitinib. Costs for

the use of healthcare resources in the PFS state were estimated at

€47,861 for pembrolizumab+axitinib and at €18,849 for sunitinib;

in the PD state, these costs amounted to €21,583 in the

pembrolizumab+axitinib group and to €21,409 in the sunitinib

group. Costs outside of the healthcare sector (such as travel costs,

costs for informal care, productivity loss) were estimated at €62,930

(pembrolizumab+axitinib) versus €47,496 (sunitinib) in the PFS

state and at €32,261 (pembrolizumab+axitinib) versus €27,680

(sunitinib) in the PD state, respectively.
TABLE 2 Base case results.

Cost element Pembrolizumab+axitinib Sunitinib Increment

PFS state

Drug acquisition € 194,055 € 36,633 € 157,423

Treatment administration € 5,689 € 80 € 5,610

Healthcare resource use € 47,861 € 18,849 € 29,011

AE treatment € 630 € 751 -€ 121

Travel € 913 € 561 € 352

Informal care € 10,809 € 9,528 € 1,281

Productivity loss (absenteeism) € 18,944 € 18,944 € 0

Productivity loss unpaid work € 8,608 € 2,050 € 6,558

Productivity loss informal caregiver € 23,657 € 16,413 € 7,244

costs healthcare perspective PFS €248,236 €56,313 €191,722

costs societal perspective PFS €311,172 €104,016 €207,156

PD state

Drug acquisition € 21,003 € 30,239 -€ 9,236

Treatment administration € 857 € 2,891 -€ 2,034

Healthcare resource use € 21,583 € 21,409 € 174

Best supportive care € 1,781 € 1,483 € 298

End-of-life costs € 934 € 1,950 -€ 1,016

Travel costs € 12,420 € 12,760 -€ 340

Informal care € 12,155 € 13,444 -€ 1,289

Productivity loss (absenteeism) € 4,094 € 4,337 -€ 243

Productivity loss unpaid work € 14,098 € 6,912 € 7,187

Productivity loss informal caregiver € 980 € 1,038 -€ 58

costs healthcare perspective PD €57,645 €68,783 -€11,138

costs societal perspective PD €89,906 €96,463 -€6,557

Total costs

Total costs healthcare perspective €305,881 €125,096 €180,785

Total costs societal perspective €401,071 €200,272 €200,799
AE, adverse events; PD, progressed disease; PFS, progression-free survival.
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The resulting ICER was €368,396 per QALY gained, which was

higher than the set WTP threshold of €80,000/QALY. Costs only

concerning the healthcare perspective amounted to €305,881 for

pembrolizumab+axitinib and €125,096 for sunitinib, resulting in an

increment of €180,785 and an ICER of €331,677.
3.2 Sensitivity analysis

According to the constructed cost-effectiveness plane (Figure 2),

the PSA suggested upon visual inspection that the pembrolizumab

+axitinib treatment was clinically more effective, but also more

costly than sunitinib since all analysis iterations were in the north-

eastern quadrant. The cost-effectiveness probability at the selected

WTP threshold was 0%, suggesting that the combination treatment

was not cost-effective compared to sunitinib. The point of

intersection of the CEACs for each treatment arm, indicating an

equal probability of acceptability (i.e., 50%), was estimated at

approx. €340,000 (Figure 3), which supported the suggested lack

of cost-effectiveness.
3.3 Scenario analyses

Table 3 summarizes the results of the scenario analyses. In none

of the scenarios, cost-effectiveness under the WTP threshold of

€80,000/QALY was achieved. Reducing the price of pembrolizumab

and axitinib by 50% lowered the ICER to; restricting the treatment

duration in the PFS state to 15 cycles decreased it further to

€132,637/QALY. When only including patients with an

intermediate or poor IMDC risk score in the population, the

ICER slightly decreased to €357,988/QALY. None of the applied

sub-scenarios showed pembrolizumab+axitinib as cost-effective.

However, reducing the treatment duration to 15 cycles and the

costs for pembrolizumab+axitinib by 50% decreased the ICER by

more than two thirds to €118,343.
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3.4 Budget impact analysis

Based on the relevant patient data for 2019–2021, and

accounting for the share of accRCC patients eligible for

treatment, the number of patients in the base case scenario as

well as in the first alternative scenario (price reduction of 50% for

pembrolizumab+axitinib, 15 treatment cycles for both treatment

arms) was estimated at 798 in the first year, 729 in the second year,

and 781 in the third year. In the second alternative scenario (only

patients with an intermediate or poor IMDC risk score), we

estimated the population of new patients per year at 91% of the

base case population, thus at 726, 663, and 711, respectively. At the

base case, the healthcare-related costs per patient amounted to

€305,881 (pembrolizumab+axitinib) versus €125,096 (sunitinib),

resulting in an increment of €180,785. The expenses per patient

in the first alternative scenario were estimated at €153,537 for

pembrolizumab+axitinib and €103,823 for sunitinib, respectively,

with an increment of €49,713. In the second alternative scenario,

costs in the pembrolizumab+axitinib arm were estimated at

€284,720, and at €117,610 for the sunitinib arm, resulting in an

increment of €167,110. the total budget impact over three years

amounted to €417.3 million at the base case. Applying 15 treatment

cycles to both treatment arms in the first line and decreasing the

prices of pembrolizumab and axitinib by 50% lowered the total

impact to €114.8 million. Limiting the patient population to

patients with an intermediate or poor IMDC risk score decreased

the impact to €350.9 million. Based on the ranges applied in the

sensitivity analysis, the total budget impact ranged from €300.4

million to €624.0 million at the base case. The scenario related to

treatment duration and costs resulted in a budget impact range of

€82.7 million to €171.6 million, and the impact for the scenario

regarding patients with an intermediate or poor IMDC risk score

ranged from €252.9 million to €524.7 million. The results of the

analysis are summarized in Table 4.

Accounting for increasing market penetration changed the total

budget impacts to €214.9 million (base case), €59.1 million (15
FIGURE 2

Cost-effectiveness plane of pembrolizumab+axitinib versus sunitinib. CE, cost-effectiveness; QALYs, quality-adjusted life years; vs., versus.
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treatment cycles, 50% cost reduction for both pembrolizumab and

axitinib), and €180.8 million (intermediate/poor IMDC risk score).
4 Discussion

We conducted a CEA and BIA of pembrolizumab+axitinib

compared to sunitinib as a first-line treatment for accRCC from a

societal perspective. To our knowledge, this is the first analysis

comparing these two treatments from this perspective using Dutch
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data for costs in particular. Based on our model, the ICER for

pembrolizumab+axitinib amounted to €368,396/QALY gained. The

PSA resulted in a 0% WTP probability at a threshold of €80,000/

QALY. At an ICER of approximately €340,000/QALY gained, that

probability increased to 50%. This suggests that pembrolizumab

+axitinib is not cost-effective compared to sunitinib for the relevant

indication at the applied threshold. The estimated 3-year budget

impact at the base case amounted to €417.3 million (€214.9 million

when accounting for increasing market penetration) with a range of

€300.4 million to €624.0 million.
FIGURE 3

Cost-effectiveness acceptability curves for pembrolizumab+axitinib and sunitinib. ICER, incremental cost-effectiveness ratio. blue line,
pembrolizumab+axitinib; orange line, sunitinib.
TABLE 3 Scenario analysis results.

Scenario Total cost
(P+A)

Incremental
cost

Total effects
(QALY, P+A)

Incremental
effects

ICER

Base case €401,071 €200,799 2.79 0.55 €368,396

Distribution-related scenarios

OS: Weibull; PFS: Weibull €388,455 €195,186 2.75 0.52 €372,677

OS: exponential; PFS: lognormal €429,985 €226,297 3.46 1.11 €203,709

OS: exponential; PFS: Weibull €413,401 €215,029 3.41 1.07 €200,076

OS: loglogistic; PFS: lognormal €429,951 €210,662 3.47 0.62 €340,797

OS: loglogistic; PFS: Weibull €413,055 €200,089 3.41 0.58 €343,697

Utility-based scenarios

Base case utilities: best case €401,871 €200,799 3.10 0.53 €375,609

Base case utilities: worst case €401,871 €200,799 2.49 0.56 €361,455

Utility PFS P+A: 0.82; Sun: 0.73 (48) €401,871 €200,799 2.93 0.67 €299,130

Utility PFS P+A: 0.76; Sun: 0.73 (47) €401,871 €200,799 2.79 0.53 €378,996

Cost-related scenarios

10% decrease of pembrolizumab+axitinib price €381,600 €181,328 2.79 0.55 €332,673

20% decrease of pembrolizumab+axitinib price €362,129 €161,857 2.79 0.55 €296,950

(Continued)
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TABLE 3 Continued

Scenario Total cost
(P+A)

Incremental
cost

Total effects
(QALY, P+A)

Incremental
effects

ICER

50% decrease of pembrolizumab+axitinib price €303,715 €103,443 2.79 0.55 €189,782

Base case price, 35-cycle treatment duration for all drugs in PFS
state

€356,083 €168,805 2.79 0.55 €309,698

Base case price, 15-cycle treatment duration for all drugs in PFS
state (20)

€287,391 €109,634 2.79 0.55 €201,140

50% decrease of pembrolizumab+axitinib price, 15-cycle
treatment duration for all drugs

€242,673 €64,916 2.79 0.55 €119,098

Patient distribution for second-line treatment as per ZIN
recommendation on avelumab+axitinib (14)

€403,354 €201,243 2.79 0.55 €369,211

Survival-related scenario and sub-scenarios

Based on survival curves with intermediate/poor IMDC prognosis
(18)

€372,291 €185,379 2.46 0.52 €357,688

Distribution: OS & PFS, Weibull €363,330 €183,825 2.43 0.50 €360,901

50% decrease of pembrolizumab+axitinib price €281,922 €95,010 2.46 0.52 €183,321

Base case price, 15-cycle treatment duration for all drugs in PFS
state (20)

€271,345 €104,944 2.46 0.52 €202,489

50% decrease of pembrolizumab+axitinib price, 15-cycle
treatment duration for all drugs

€227,734 €61,334 2.46 0.52 €118,343
F
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ICER, incremental cost-effectiveness ratio; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; OS, overall survival; PFS, progression-free survival; P+A,
pembrolizumab+axitinib; QALY, quality-adjusted life year; Sun, sunitinib.
TABLE 4 Budget impact analysis results.

Scenario 2019 data 2020 data 2021 data Total

Population of eligible patients

Base case scenario 798 729 781 2,308

1st alternative scenario (decreased drug prices, 15 treatment
cycles)

798 729 781 2,308

2nd alternative scenario (only patients with intermediate/poor
IMDC risk prognosis)

726 663 711 2,100

Budget impact (× €1,000)

Base case scenario €144,266 €131,792 €141,193 €417,252

1st alternative scenario €39,671 €36,241 €38,826 €114,739

2nd alternative scenario €121,322 €110,794 €118,815 €350,931

Budget impact range (× €1,000)

Base case scenario €103,843 – €215,749 €94,876 – €196,947 €101,673 – €211,283 €300,392 – €623,979

1st alternative scenario €28,555 – €59,328 €26,090 – €54,158 €27,959 – €58,100 €82,604 – €171,586

2nd alternative scenario €87,432 – €181,398 €79,812 – €165,539 €85,560 – €177,705 €252,804 – €524,642

Budget impact (× €1,000) with assumed increasing market penetration of P+A

Market share 25% 50% 80%

Base case scenario €36,073 €65,861 €113,003 €214,936

1st alternative scenario €9,920 €18,111 €31,074 €59,105

2nd alternative scenario €30,343 €55,400 €95,054 €180,797
IMDC, International Metastatic Renal Cell Carcinoma Database Consortium.
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Previously published CEAs on this intervention as first-line

treatment for accRCC were conducted from the US healthcare

(payer) perspective (47, 48, 61) as well as from the healthcare

perspective in China (62). Compared to those studies, the QALY

increment in our analysis was substantially lower. For instance, the

increment in the analysis by Ding et al. was estimated at 1.18

QALYs (47); in the analysis by Bensimon et al., an increment of 2.72

QALYs was reported (61); Zhu et al. estimated the incremental

QALYs at 1.61 (48).This discrepancy might be explained by

different modelling approaches regarding survival extrapolation

and highly influenced the difference in the ICER and the overall

conclusion. The restriction to healthcare-related costs and different

pricing schemes in the US and in China might also have factored

into the different estimates.

We observed that the expensive pricing of pembrolizumab and its

IV administration, and the overall costs of the combination treatment

were the most prominent factors in influencing the ICER. This was

supported by the scenario analysis since decreasing the acquisition

costs for both drugs of the combination treatment lowered the ICER

to a considerable extent, albeit unable for pembrolizumab+axitinib to

achieve cost-effectiveness of its own. Further, the incremental

healthcare resource use costs, which were estimated at €29,011,

significantly contributed to the presented ICER as well.

Given the estimated ICER in view of the large cost increment and

the relatively low increment in QALYs, achieving cost-effectiveness

of the pembrolizumab+axitinib treatment compared to sunitinib

might, in our opinion, be regarded as unlikely. However, combining

possible approaches might still yield promising outcomes. A case

could be made for a combined price reduction of both

pembrolizumab and axitinib for this specific indication as one of

the necessary steps towards cost-effectiveness, since a reduction by

50% essentially halved the ICER in our model. Moreover, given the

large number of indications for which pembrolizumab is used (63),

adapted pricing arrangements tailored to specific indications like a

(cc)RCC, or managed entry agreements could be negotiated.

Furthermore, earlier discontinuation of treatment with

pembrolizumab (as currently researched with a different indication

in the Safe Stop trial (64)) could, in case of an at least comparable

outcome on survival and HRQoL and subsequent implementation in

practice, further reduce drug acquisition and administration costs for

the combination treatment. Restricting the utilization of the

combination treatment to patients with an intermediate or poor

prognosis according to the IMDC risk score might constitute a

further option, although the estimated effect on the ICER compared

to the base case, which includes patients of all risk groups, might only

be modest. However, even combining both approaches are still

unlikely to lead to a cost-effective outcome under the used WTP

threshold of €80,000/QALY.

Our study has several limitations. First, our analysis focused on the

Dutch healthcare system with regard to costs. Costs for drug

acquisition and administration and healthcare resource use as well

as costs incurring outside the healthcare sector may be different in

other countries. This might hamper the generalizability of the

presented results. Moreover, the survival data from the KEYNOTE-

426 trial underpinning our analysis were bound to uncertainty. Given

the limited follow-up period of 42.8 months (28), long-term survival
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data was not available. Due to their inherent uncertainty, the selected

extrapolated survival curves, despite providing relatively conservative

estimates on survival, might not fully reflect the actual outcome in a

real-life setting. This is also reflected in the relatively large share of

patients projected to survive for at least 5 years (33.7% with

pembrolizumab+axitinib and 25.6% with sunitinib compared to 11%

based on real-world data from the Netherlands (8)). The application of

different modelling and extrapolation methods and techniques might

lead to a more favorable QALY increment for the combination

treatment. However, it cannot be estimated at this point how it

would also affect costs. Therefore, whether resolving this limitation

would also result in a different conclusion cannot conclusively be

assessed. Moreover, long-term survival outcomes and continuing

responses following treatment with immunotherapies such as

pembrolizumab have been suggested for melanoma patients (65).

However, whether the same would apply to a(cc)RCC patients –

especially when applying such treatment in combination with a TKI

like axitinib – is subject to further research.

We assumed a “2 weeks on, 1 weeks off” treatment regime for

sunitinib, which differs from the applied “4 weeks on, 2 weeks off”

schedule applied in the KEYNOTE-426 trial. This might have

implications on the toxicities, and thus, for AE-related treatments,

as has been suggested by a small-scale trial (66). However, further

research is required to obtain more robust evidence on this, as no

comparative RCT has been conducted on this specific

research question.

Data on HRQoL was used from other sources (31, 32). While the

utilized data are not fully transferable to the pembrolizumab

+axitinib treatment nor to the patient population in the clinical

trial, we think that the results in the study by De Groot et al. provided

a solid basis for estimating Dutch aRCC patients’ HRQoL in

this analysis as it evaluated treatment of aRCC patients in

the Netherlands (31). Further, higher HRQoL values for the

pembrolizumab+axitinib arm were accounted for within the

scenario analysis. The usage of the of the HRQoL data published

by Bedke et al. within the KEYNOTE-426 trial (67) was decided

against for the following reasons: first, the EQ-5D values for both

treatment arms were elicited by applying a visual analogue scale

(VAS). This contrasts the approach in the Netherlands of using the

time trade-off method as a basis for estimating the HRQoL values

based on the EQ-5D instrument (68). This diminishes the viability of

the utility values from the referenced study for our analysis.

Secondly, since the elicited QoL values were higher for sunitinib

than for pembrolizumab+axitinib; applying them to this analysis

would decrease the incremental effects in terms of HRQoL and, thus,

of QALYs gained. This in turn would increase the ICER, further

supporting our conclusion that pembrolizumab+axitinib is not cost-

effective compared to sunitinib for the indication at hand (31).

Further uncertainty is spurred by insufficient data on

productivity loss, especially on presenteeism and on unpaid work.

The lack of data impeded a full stratification of these costs for both

treatment arms. However, given that only 20% of patients in the

PFS state were assumed to work, as well as the assumption that all

patients have retired upon entering the PD state, we consider the

general impact on the costs to be minimal. While further research

exploring these aspects of productivity loss might fill this gap and
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provide a more robust basis for economic evaluations from a

societal perspective, the effect on the actual costs incurred by

presenteeism in connection with accRCC and other metastatic

cancers might be modest.

For the BIA, the used patient data is an important limitation.

These data, even when taking the potential range of patient numbers

into account, might not be fully applicable to the future. Moreover,

the analysis did not account for patients switching from sunitinib to

pembrolizumab+axitinib due to e.g., a lack of response, since there

was no data from real-life research available. Nonetheless, we believe

that the results of our analysis provide a solid estimate on how the

healthcare budget would be impacted if pembrolizumab+axitinib

replaced sunitinib as the standard treatment for accRCC.

To conclude, pembrolizumab+axitinib was found not to be cost-

effective as a first-line treatment for patients in the Netherlands with

accRCC compared to sunitinib at a WTP threshold of €80,000/

QALY from a societal perspective. Combining a substantial price

reduction of pembrolizumab and axitinib (by >50%) and a shortened

treatment duration may lead to a more favorable ICER. The budget

impact over three years of introducing the combination treatment to

the market amounts to €417.3 million upon instantaneous and full

replacement of sunitinib, and to €214.9 million with increasing

market penetration up to a market share of 80% in the third year.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Frontiers in Oncology 12
Author contributions

Conceptualization and methodology: NX and CU-G. Data

collection and writing of the original draft: NX. Clinical input

and validation of clinical/medical data: EF. All authors contributed

to the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1205700/

full#supplementary-material
References
1. World Health Organization. Kidney (2020). Available at: https://gco.iarc.fr/today/
data/factsheets/cancers/29-Kidney-fact-sheet.pdf (Accessed December 7, 2022).

2. Integraal Kankercentrum Nederland. Cijfers over nierkanker. Available at: https://
iknl.nl/kankersoorten/nierkanker/cijfers-over-nierkanker (Accessed November 7,
2022).

3. Integraal Kankercentrum Nederland. NKR cijfers. Available at: https://iknl.nl/
nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&fs%7Cregio_id=
550&fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%
2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%
2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%
2C591%2C592%2C593%2C594%2C563%2C562&fs%7Cgeslacht_id=645&fs%
7Cleeftijdsgroep_id=678&fs%7Cjaren_na_diagnose_id=688&fs%7Ceenheid_id=
704&cs%7Ctype=line&cs%7CxAxis=periode_id&cs%7Cseries=epidemiologie_id&ts%
7CrowDimensions=periode_id&ts%7CcolumnDimensions=&lang%7Clanguage=nl
(Accessed November 7, 2022).

4. Motzer RJ, Agarwal N, Beard C, Bolger GB, Boston B, Carducci MA, et al. Kidney
cancer clinical practice guidelines in oncology TM kidney cancer clinical practice
guidelines in oncology. J Natl Compr Cancer Network (2009) 7:618–30. doi: 10.6004/
jnccn.2009.0043

5. Jonasch E, Walker CL, Rathmell WK. Clear cell renal cell carcinoma ontogeny
and mechanisms of lethality. Nat Rev Nephrol (2021) 17:245–61. doi: 10.1038/s41581-
020-00359-2

6. Padala SA, Barsouk A, Thandra KC, Saginala K, Mohammed A, Vakiti A, et al.
Epidemiology of renal cell carcinoma. World J Oncol (2020) 11:79–87. doi: 10.14740/
WJON1279

7. American Cancer Society. Treatment of kidney cancer by stage (2021). Available
at: https://www.cancer.org/cancer/kidney-cancer/treating/by-stage.html (Accessed
December 7, 2022).
8. Kanker.nl. Overlevingscijfers van nierkanker _ kanker.nl. Available at: https://
www.kanker.nl/kankersoorten/nierkanker/algemeen/overlevingscijfers-van-nierkanker
(Accessed December 7, 2022).

9. Barata PC, Rini BI. Treatment of renal cell carcinoma: current status and future
directions. CA Cancer J Clin (2017) 67:507–24. doi: 10.3322/caac.21411

10. Albiges L, Salem M, Rini B, Escudier B. Vascular endothelial growth factor-
targeted therapies in advanced renal cell carcinoma. Hematol Oncol Clin North Am
(2011) 25:813–33. doi: 10.1016/j.hoc.2011.04.006

11. Pal S, Gong J, Mhatre SK, Lin SW, Surinach A, Ogale S, et al. Real-
world treatment patterns and adverse events in metastatic renal cell carcinoma from
a large US claims database. BMC Cancer (2019) 19(1):548. doi: 10.1186/s12885-019-
5716-z

12. Rini BI, Hutson TE, Figlin RA, Lechuga MJ, Valota O, Serfass L, et al. Sunitinib
in patients with metastatic renal cell carcinoma: clinical outcome according to
international metastatic renal cell carcinoma database consortium risk group. Clin
Genitourin Cancer (2018) 16:298–304. doi: 10.1016/j.clgc.2018.04.005

13. Chow LQM, Eckhardt SG. Sunitinib: from rational design to clinical efficacy.
J Clin Oncol (2007) 25:884–96. doi: 10.1200/JCO.2006.06.3602

14. Zorginstituut Nederland. Farmacotherapeutisch rapport voor avelumab plus
axitinib (Bavencio® en inlyta®) bij de eerstelijnsbehandeling van volwassen patiënten
met gevorderd nierce l carc inoom (2020) . Avai lab le at : h t tps : / /www.
zorginstituutnederland.nl/binaries/zinl/documenten/adviezen/2020/09/21/
pakketadvies-avelumab-bavencio-in-combinatie-met-axitinib/Pakketadvies+avelumab
+%28Bavencio%C2%AE%29+in+combinatie+met+axitinib+bij+de+behandeling+van
+niercelcarcinoom.pdf (Accessed January 23, 2023).

15. Kwok G, Yau TCC, Chiu JW, Tse E, Kwong YL. Pembrolizumab
(Keytruda). Hum Vaccin Immunother (2016) 12:2777–89. doi: 10.1080/
21645515.2016.1199310
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1205700/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1205700/full#supplementary-material
https://gco.iarc.fr/today/data/factsheets/cancers/29-Kidney-fact-sheet.pdf
https://gco.iarc.fr/today/data/factsheets/cancers/29-Kidney-fact-sheet.pdf
https://iknl.nl/kankersoorten/nierkanker/cijfers-over-nierkanker
https://iknl.nl/kankersoorten/nierkanker/cijfers-over-nierkanker
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://iknl.nl/nkr-cijfers?fs%7Cepidemiologie_id=526&fs%7Ctumor_id=357&amp;fs%7Cregio_id=550&amp;fs%7Cperiode_id=564%2C565%2C566%2C567%2C568%2C569%2C570%2C571%2C572%2C573%2C574%2C575%2C576%2C577%2C578%2C579%2C580%2C581%2C582%2C583%2C584%2C585%2C586%2C587%2C588%2C589%2C590%2C591%2C592%2C593%2C594%2C563%2C562&amp;fs%7Cgeslacht_id=645&amp;fs%7Cleeftijdsgroep_id=678&amp;fs%7Cjaren_na_diagnose_id=688&amp;fs%7Ceenheid_id=704&amp;cs%7Ctype=line&amp;cs%7CxAxis=periode_id&amp;cs%7Cseries=epidemiologie_id&amp;ts%7CrowDimensions=periode_id&amp;ts%7CcolumnDimensions=&amp;lang%7Clanguage=nl
https://doi.org/10.6004/jnccn.2009.0043
https://doi.org/10.6004/jnccn.2009.0043
https://doi.org/10.1038/s41581-020-00359-2
https://doi.org/10.1038/s41581-020-00359-2
https://doi.org/10.14740/WJON1279
https://doi.org/10.14740/WJON1279
https://www.cancer.org/cancer/kidney-cancer/treating/by-stage.html
https://www.kanker.nl/kankersoorten/nierkanker/algemeen/overlevingscijfers-van-nierkanker
https://www.kanker.nl/kankersoorten/nierkanker/algemeen/overlevingscijfers-van-nierkanker
https://doi.org/10.3322/caac.21411
https://doi.org/10.1016/j.hoc.2011.04.006
https://doi.org/10.1186/s12885-019-5716-z
https://doi.org/10.1186/s12885-019-5716-z
https://doi.org/10.1016/j.clgc.2018.04.005
https://doi.org/10.1200/JCO.2006.06.3602
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/adviezen/2020/09/21/pakketadvies-avelumab-bavencio-in-combinatie-met-axitinib/Pakketadvies+avelumab+%28Bavencio%C2%AE%29+in+combinatie+met+axitinib+bij+de+behandeling+van+niercelcarcinoom.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/adviezen/2020/09/21/pakketadvies-avelumab-bavencio-in-combinatie-met-axitinib/Pakketadvies+avelumab+%28Bavencio%C2%AE%29+in+combinatie+met+axitinib+bij+de+behandeling+van+niercelcarcinoom.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/adviezen/2020/09/21/pakketadvies-avelumab-bavencio-in-combinatie-met-axitinib/Pakketadvies+avelumab+%28Bavencio%C2%AE%29+in+combinatie+met+axitinib+bij+de+behandeling+van+niercelcarcinoom.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/adviezen/2020/09/21/pakketadvies-avelumab-bavencio-in-combinatie-met-axitinib/Pakketadvies+avelumab+%28Bavencio%C2%AE%29+in+combinatie+met+axitinib+bij+de+behandeling+van+niercelcarcinoom.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/adviezen/2020/09/21/pakketadvies-avelumab-bavencio-in-combinatie-met-axitinib/Pakketadvies+avelumab+%28Bavencio%C2%AE%29+in+combinatie+met+axitinib+bij+de+behandeling+van+niercelcarcinoom.pdf
https://doi.org/10.1080/21645515.2016.1199310
https://doi.org/10.1080/21645515.2016.1199310
https://doi.org/10.3389/fonc.2023.1205700
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xander et al. 10.3389/fonc.2023.1205700
16. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al.
Pembrolizumab plus axitinib versus sunitinib for advanced renal-cell carcinoma.
New Engl J Med (2019) 380:1116–27. doi: 10.1056/nejmoa1816714

17. Bellesoeur A, Carton E, Alexandre J, Goldwasser F, Huillard O. Axitinib in the
treatment of renal cell carcinoma: design, development, and place in therapy. Drug Des
Devel Ther (2017) 11:2801–11. doi: 10.2147/DDDT.S109640

18. Powles T, Plimack ER, Soulières D, Waddell T, Stus V, Gafanov R, et al.
Pembrolizumab plus axitinib versus sunitinib monotherapy as first-line treatment of
advanced renal cell carcinoma (KEYNOTE-426): extended follow-up from a
randomised, open-label, phase 3 trial. Lancet Oncol (2020) 21:1563–73. doi: 10.1016/
S1470-2045(20)30436-8

19. European Medicines Agency. Assessment report: keytruda – international non-
proprietary name: pembrolizumab (2019). Available at: https://www.ema.europa.eu/en/
documents/variation-report/keytruda-h-c-3820-ii-0069-epar-assessment-report-
variation_en.pdf (Accessed January 16, 2023).

20. NVMO-Commissie BOM. Eerstelijns combinatiebehandeling met
pembrolizumab en axitinib bij het gemetastaseerd heldercellig niercelcarcinoom.
Medische Oncologie (2020) 23:25–9. Available at: https://medischeoncologie.nl/
artikelen/2020/april/editie-3/eerstelijns-combinatiebehandeling-met-pembrolizumab-
en-axit inib-bi j-het-gemetastaseerd-heldercel l ig-niercelcarcinoom. doi:
10.24078/onco.1970.1.3457

21. Caro JJ, Briggs AH, Siebert U, Kuntz KM. Modeling good research practices -
overview: a report of the ISPOR-SMDMmodeling good research practices task force-1.
Value Health (2012) 15:796–803. doi: 10.1016/j.jval.2012.06.012

22. Roberts M, Russell LB, Paltiel AD, Chambers M, McEwan P, Krahn M.
Conceptualizing a model: a report of the ISPOR-SMDM modeling good research
practices task force-2. Value Health (2012) 15:804–11. doi: 10.1016/j.jval.2012.06.016

23. Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, et al. State-
transition modeling: a report of the ISPOR-SMDM modeling good research practices
task force-3. Value Health (2012) 15:812–20. doi: 10.1016/j.jval.2012.06.014

24. O’Mahony JF, Newall AT, van Rosmalen J. Dealing with time in health
economic evaluation: methodological issues and recommendations for practice.
Pharmacoeconomics (2015) 33:1255–68. doi: 10.1007/s40273-015-0309-4

25. Soares MO, Canto Castro L. Continuous time simulation and discretized models
for cost-effectiveness analysis. Pharmaeconomics (2012) 30:1101–17. doi: 10.2165/
11599380-000000000-00000

26. Hoyle MW, Henley W. Improved curve fits to summary survival data:
application to economic evaluation of health technologies. BMC Med Res Methodol
(2011) 11:139. doi: 10.1186/1471-2288-11-139

27. Latimer NR. Survival analysis for economic evaluations alongside clinical trials -
extrapolation with patient-level data: inconsistencies, limitations, and a practical guide.
Med Decision Making (2013) 33:743–54. doi: 10.1177/0272989X12472398

28. Rini BI, Plimack ER, Stus V, Waddell T, Gafanov R, Pouliot F, et al.
Pembrolizumab (pembro) plus axitinib (axi) versus sunitinib as first-line therapy for
advanced clear cell renal cell carcinoma (ccRCC): results from 42-month follow-up of
KEYNOTE-426. J Clin Oncol (2021) 39:4500. doi: 10.1200/JCO.2021.39.15_suppl.4500

29. Centraal Bureau voor de Statistiek. StatLine - levensverwachting; geslacht, leeftijd
(per jaar en periode van vijf jaren) (2022). StatLine. Available at: https://opendata.cbs.
nl/statline/#/CBS/nl/dataset/37360ned/table?ts=1650490313932&fromstat (Accessed
November 8, 2022).

30. Zorginstituut Nederland. Guideline for economic evaluations in healthcare
(2016). Available at: https://english.zorginstituutnederland.nl/binaries/zinl-eng/
documenten/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare/
Guideline+for+economic+evaluations+in+healthcare.pdf (Accessed January 23, 2023).

31. de Groot S, Redekop WK, Versteegh MM, Sleijfer S, Oosterwijk E, Kiemeney
LALM, et al. Health-related quality of life and its determinants in patients with
metastatic renal cell carcinoma. Qual Life Res (2018) 27:115–24. doi: 10.1007/
s11136-017-1704-4

32. Cella D, Michaelson MD, Bushmakin AG, Cappelleri JC, Charbonneau C, Kim
ST, et al. Health-related quality of life in patients with metastatic renal cell carcinoma
treated with sunitinib vs interferon-a in a phase III trial: final results and geographical
analysis. Br J Cancer (2010) 102:658–64. doi: 10.1038/sj.bjc.6605552

33. Swinburn P, Lloyd A, Nathan P, Choueiri TK, Cella D, Neary MP. Elicitation of
health state utilities in metastatic renal cell carcinoma. Curr Med Res Opin (2010)
26:1091–6. doi: 10.1185/03007991003712258

34. Simons CL, Malone D, Wang M, Maglinte GA, Inocencio T, Wade SW, et al.
Cost-effectiveness for KTE-X19 CAR T therapy for adult patients with relapsed/
refractory mantle cell lymphoma in the united states. J Med Econ (2021) 24:421–31.
doi: 10.1080/13696998.2021.1894158

35. Nafees B, Stafford M, Gavriel S, Bhalla S, Watkins J. Health state utilities for non
small cell lung cancer.Health Qual Life Outcomes (2008) 6:84. doi: 10.1186/1477-7525-6-84

36. Zorginstituut Nederland. KEYTRUDA INFUSIEPOEDER FLACON 50MG _
medicijnkosten.nl (2022). Medicijnkosten.nl. Available at: https://www.medicijnkosten.
nl/medicijn?artikel=KEYTRUDA+INFUSIEPOEDER+FLACON+50MG&id=
54aeb7397a0bba0f05a81f7db8341ded (Accessed November 15, 2022).

37. Zorginstituut Nederland. INLYTA TABLET FILMOMHULD 5MG _
medicijnkosten.nl (2022). Medicijnkosten.nl. Available at: https://www.
medicijnkosten.nl/medicijn?artikel=INLYTA+TABLET+FILMOMHULD+5MG&id=
a58abcc7af3969091c824ba509bcae4d (Accessed November 15, 2022).
Frontiers in Oncology 13
38. Zorginstituut Nederland. SUTENT CAPSULE 50MG _ medicijnkosten.nl (2022).
Medicijnkosten.nl. Available at: https://www.medicijnkosten.nl/medicijn?artikel=
SUTENT+CAPSULE+50MG&id=c59cbc519c458399e1cc61bbfd055e63 (Accessed
November 15, 2022).

39. Zorginstituut Nederland. Farmacotherapeutisch rapport ipilimumab in
combinatie met nivolumab (Yervoy® en opdivo®) bij de eerstelijns behandeling van
gevorderd niercelcarcinoom met intermediair/ongunstig risicoprofiel bij volwassenen
(2019). Available at: www.zorginstituutnederland.nl.

40. Hakkaart-van Rooijen L, van der Linden N, Bouwmans C, Kanters T, Tan SS.
Kostenhandleiding: methodologie van kostenonderzoek en referentieprijzen voor
economische evaluaties in de gezondheidszorg. Available at: https://www.
zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-
voor-het-uitvoeren-van-economische-evaluaties-in-degezondheidszorg/Richtlijn+voor
+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%
28verdiepingsmodules%29.pdf (Accessed November 9, 2022).

41. Nederlandse Zorgautoriteit. DIS open data (2022). Available at: https://
opendisdata.nl/ (Accessed November 15, 2022).

42. Nederlandse Zorgautoriteit. NZa zorgproductapplicatie (2022). Available at:
https://zorgproducten.nza.nl/ZoekZorgproduct.aspx (Accessed January 23, 2023).

43. Centraal Bureau voor de Statistiek. Vacatures (2022). Available at: https://www.
cbs.nl/nl-nl/visualisaties/dashboard-arbeidsmarkt/vacatures (Accessed November 9,
2022).

44. Centraal Bureau voor de Statistiek. De arbeidsmarkt in cijfers 2021 (2022).
Available at: https://www.cbs.nl/-/media/_pdf/2022/17/daic2021.pdf (Accessed
November 9, 2022).

45. Centraal Bureau voor de Statistiek. Werkzame beroepsbevolking; arbeidsduur
(2022). StatLine. Available at: https://www.cbs.nl/nl-nl/cijfers/detail/85275NED?q=
werkzame%20beroepsbevolking%20arbeidsduur (Accessed January 23, 2023).

46. Franken M, Kanters T, Coenen J, de Jong P, Jager A, Groot CU. Hospital-based
or home-based administration of oncology drugs? a micro-costing study comparing
healthcare and societal costs of hospital-based and home-based subcutaneous
administration of trastuzumab. Breast (2020) 52:71–7. doi: 10.1016/
j.breast.2020.05.001

47. Ding D, Hu H, Shi Y, She L, Yao L, Zhu Y, et al. Cost-effectiveness of
pembrolizumab plus axitinib versus sunitinib as first-line therapy in advanced renal
cell carcinoma in the U.S. Oncologist (2021) 26:e290–7. doi: 10.1002/ONCO.13522

48. Zhu J, Zhang T, Wan N, Liang Z, Li J, Chen X, et al. Cost-effectiveness of
pembrolizumab plus axitinib as first-line therapy for advanced renal cell carcinoma.
Immunotherapy (2020) 12:1237–46. doi: 10.2217/imt-2020-0034

49. Centraal Bureau voor de Statistiek. Jaarmutatie consumentenprijsindex; vanaf
1963 (2022). StatLine. Available at: https://opendata.cbs.nl/#/CBS/nl/dataset/
70936ned/table (Accessed November 9, 2022).

50. Mickisch G, Gore M, Escudier B, Procopio G, Walzer S, Nuijten M. Costs of
managing adverse events in the treatment of first-line metastatic renal cell carcinoma:
bevacizumab in combination with interferon-a2a compared with sunitinib. Br J Cancer
(2010) 102:80–6. doi: 10.1038/sj.bjc.6605417

51. Campone M, Yang H, Faust E, Kageleiry A, Signorovitch JE, Zhang J, et al. Cost
of adverse events during treatment with everolimus plus exemestane or single-agent
chemotherapy in patients with advanced breast cancer in Western Europe. J Med Econ
(2014) 17:837–45. doi: 10.3111/13696998.2014.959589

52. Bouwmans C, Janssen J, Huijgens P, Uyl-De Groot C. Costs of haematological
adverse events in chronic myeloid leukaemia patients: a retrospective cost analysis of
the treatment of anaemia, neutropenia and thrombocytopenia in patients with chronic
myeloid leukaemia. J Med Econ (2009) 12:164–9. doi: 10.3111/13696990903149479

53. van den Berg B, Brouwer W, van Exel J, Koopmanschap M, van den Bos GAM,
Rutten F. Economic valuation of informal care: lessons from the application of the
opportunity costs and proxy good methods. Soc Sci Med (2006) 62:835–45.
doi: 10.1016/j.socscimed.2005.06.046

54. Mazanec SR, Daly BJ, Douglas SL, Lipson AR. Work productivity and health of
informal caregivers of persons with advanced cancer. Res Nurs Health (2011) 34:483–
95. doi: 10.1002/nur.20461

55. Carrera P, IJzerman MJ. Are current ICER thresholds outdated? valuing
medicines in the era of personalized healthcare. Expert Rev Pharmacoecon Outcomes
Res (2016) 16:435–7. doi: 10.1080/14737167.2016.1180980

56. Briggs A, Sculpher M, Claxton K. Decision modelling for health economic
evaluation. New York: Oxford Univ Press (2006) 86–96.

57. Drummond MF, Sculpher MJ, Stoddart GL, Torrance GW. Methods for the
economic evaluation of health care programmes. 4th ed. Oxford: Oxford University
Press (2015).

58. Sullivan SD, Mauskopf JA, Augustovski F, Jaime Caro J, Lee KM, Minchin M,
et al. Budget impact analysis - principles of good practice: report of the ISPOR 2012
budget impact analysis good practice II task force. Value Health (2014) 17:5–14.
doi: 10.1016/j.jval.2013.08.2291

59. ZonMw. Budget impact analyse (BIA) - ZonMw (2022). Available at: https://
www.zonmw.nl/nl/onderzoek-resultaten/doelmatigheidsonderzoek/budget-impact-
analyse-bia/ (Accessed November 9, 2022).

60. Verhaart SL, Abu-Ghanem Y, Mulder SF, Oosting S, van der Veldt A, Osanto S,
et al. Real-world data of nivolumab for patients with advanced renal cell carcinoma in
frontiersin.org

https://doi.org/10.1056/nejmoa1816714
https://doi.org/10.2147/DDDT.S109640
https://doi.org/10.1016/S1470-2045(20)30436-8
https://doi.org/10.1016/S1470-2045(20)30436-8
https://www.ema.europa.eu/en/documents/variation-report/keytruda-h-c-3820-ii-0069-epar-assessment-report-variation_en.pdf
https://www.ema.europa.eu/en/documents/variation-report/keytruda-h-c-3820-ii-0069-epar-assessment-report-variation_en.pdf
https://www.ema.europa.eu/en/documents/variation-report/keytruda-h-c-3820-ii-0069-epar-assessment-report-variation_en.pdf
https://medischeoncologie.nl/artikelen/2020/april/editie-3/eerstelijns-combinatiebehandeling-met-pembrolizumab-en-axitinib-bij-het-gemetastaseerd-heldercellig-niercelcarcinoom
https://medischeoncologie.nl/artikelen/2020/april/editie-3/eerstelijns-combinatiebehandeling-met-pembrolizumab-en-axitinib-bij-het-gemetastaseerd-heldercellig-niercelcarcinoom
https://medischeoncologie.nl/artikelen/2020/april/editie-3/eerstelijns-combinatiebehandeling-met-pembrolizumab-en-axitinib-bij-het-gemetastaseerd-heldercellig-niercelcarcinoom
https://doi.org/10.24078/onco.1970.1.3457
https://doi.org/10.1016/j.jval.2012.06.012
https://doi.org/10.1016/j.jval.2012.06.016
https://doi.org/10.1016/j.jval.2012.06.014
https://doi.org/10.1007/s40273-015-0309-4
https://doi.org/10.2165/11599380-000000000-00000
https://doi.org/10.2165/11599380-000000000-00000
https://doi.org/10.1186/1471-2288-11-139
https://doi.org/10.1177/0272989X12472398
https://doi.org/10.1200/JCO.2021.39.15_suppl.4500
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37360ned/table?ts=1650490313932&fromstat
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37360ned/table?ts=1650490313932&fromstat
https://english.zorginstituutnederland.nl/binaries/zinl-eng/documenten/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare/Guideline+for+economic+evaluations+in+healthcare.pdf
https://english.zorginstituutnederland.nl/binaries/zinl-eng/documenten/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare/Guideline+for+economic+evaluations+in+healthcare.pdf
https://english.zorginstituutnederland.nl/binaries/zinl-eng/documenten/reports/2016/06/16/guideline-for-economic-evaluations-in-healthcare/Guideline+for+economic+evaluations+in+healthcare.pdf
https://doi.org/10.1007/s11136-017-1704-4
https://doi.org/10.1007/s11136-017-1704-4
https://doi.org/10.1038/sj.bjc.6605552
https://doi.org/10.1185/03007991003712258
https://doi.org/10.1080/13696998.2021.1894158
https://doi.org/10.1186/1477-7525-6-84
https://www.medicijnkosten.nl/medicijn?artikel=KEYTRUDA+INFUSIEPOEDER+FLACON+50MG&id=54aeb7397a0bba0f05a81f7db8341ded
https://www.medicijnkosten.nl/medicijn?artikel=KEYTRUDA+INFUSIEPOEDER+FLACON+50MG&id=54aeb7397a0bba0f05a81f7db8341ded
https://www.medicijnkosten.nl/medicijn?artikel=KEYTRUDA+INFUSIEPOEDER+FLACON+50MG&id=54aeb7397a0bba0f05a81f7db8341ded
https://www.medicijnkosten.nl/medicijn?artikel=INLYTA+TABLET+FILMOMHULD+5MG&id=a58abcc7af3969091c824ba509bcae4d
https://www.medicijnkosten.nl/medicijn?artikel=INLYTA+TABLET+FILMOMHULD+5MG&id=a58abcc7af3969091c824ba509bcae4d
https://www.medicijnkosten.nl/medicijn?artikel=INLYTA+TABLET+FILMOMHULD+5MG&id=a58abcc7af3969091c824ba509bcae4d
https://www.medicijnkosten.nl/medicijn?artikel=SUTENT+CAPSULE+50MG&id=c59cbc519c458399e1cc61bbfd055e63
https://www.medicijnkosten.nl/medicijn?artikel=SUTENT+CAPSULE+50MG&id=c59cbc519c458399e1cc61bbfd055e63
http://www.zorginstituutnederland.nl
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-degezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-degezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-degezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-degezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://www.zorginstituutnederland.nl/binaries/zinl/documenten/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-degezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+evaluaties+in+de+gezondheidszorg+%28verdiepingsmodules%29.pdf
https://opendisdata.nl/
https://opendisdata.nl/
https://zorgproducten.nza.nl/ZoekZorgproduct.aspx
https://www.cbs.nl/nl-nl/visualisaties/dashboard-arbeidsmarkt/vacatures
https://www.cbs.nl/nl-nl/visualisaties/dashboard-arbeidsmarkt/vacatures
https://www.cbs.nl/-/media/_pdf/2022/17/daic2021.pdf
https://www.cbs.nl/nl-nl/cijfers/detail/85275NED?q=werkzame%20beroepsbevolking%20arbeidsduur
https://www.cbs.nl/nl-nl/cijfers/detail/85275NED?q=werkzame%20beroepsbevolking%20arbeidsduur
https://doi.org/10.1016/j.breast.2020.05.001
https://doi.org/10.1016/j.breast.2020.05.001
https://doi.org/10.1002/ONCO.13522
https://doi.org/10.2217/imt-2020-0034
https://opendata.cbs.nl/#/CBS/nl/dataset/70936ned/table
https://opendata.cbs.nl/#/CBS/nl/dataset/70936ned/table
https://doi.org/10.1038/sj.bjc.6605417
https://doi.org/10.3111/13696998.2014.959589
https://doi.org/10.3111/13696990903149479
https://doi.org/10.1016/j.socscimed.2005.06.046
https://doi.org/10.1002/nur.20461
https://doi.org/10.1080/14737167.2016.1180980
https://doi.org/10.1016/j.jval.2013.08.2291
https://www.zonmw.nl/nl/onderzoek-resultaten/doelmatigheidsonderzoek/budget-impact-analyse-bia/
https://www.zonmw.nl/nl/onderzoek-resultaten/doelmatigheidsonderzoek/budget-impact-analyse-bia/
https://www.zonmw.nl/nl/onderzoek-resultaten/doelmatigheidsonderzoek/budget-impact-analyse-bia/
https://doi.org/10.3389/fonc.2023.1205700
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xander et al. 10.3389/fonc.2023.1205700
the Netherlands: an analysis of toxicity, efficacy, and predictive markers. Clin
Genitourin Cancer (2021) 19:274.e1–274.e16. doi: 10.1016/j.clgc.2020.10.003

61. Bensimon AG, Zhong Y, Swami U, Briggs A, Young J, Feng Y, et al. Cost-
effectiveness of pembrolizumab with axitinib as first-line treatment for advanced renal
cell carcinoma. Curr Med Res Opin (2020) 36:1507–17. doi: 10.1080/03007995.2020.
1799771

62. Chen J, Hu G, Chen Z, Wan X, Tan C, Zeng X, et al. Cost-effectiveness analysis
of pembrolizumab plus axitinib versus sunitinib in first-line advanced renal cell
carcinoma in China. Clin Drug Investig (2019) 39:931–8. doi: 10.1007/s40261-019-
00820-6

63. European Medicines Agency. Keytruda (2022). Available at: https://www.ema.
europa.eu/en/medicines/human/EPAR/keytruda (Accessed November 14, 2022).

64. Mulder EEAP, de Joode K, Litière S, ten Tije AJ, Suijkerbuijk KPM, Boers-
Sonderen MJ, et al. Early discontinuation of PD-1 blockade upon achieving a complete
Frontiers in Oncology 14
or partial response in patients with advanced melanoma: the multicentre prospective
safe stop trial. BMC Cancer (2021) 21:323. doi: 10.1186/s12885-021-08018-w

65. Redman JM, Gibney GT, Atkins MB. Advances in immunotherapy for
melanoma. BMC Med (2016) 14:20. doi: 10.1186/s12916-016-0571-0

66. Najjar YG, Mittal K, Elson P, Wood L, Garcia JA, Dreicer R, et al. A 2weeks on
and 1week off schedule of sunitinib is associated with decreased toxicity in metastatic
renal cell carcinoma. Eur J Cancer (2014) 50:1084–9. doi: 10.1016/j.ejca.2014.01.025

67. Bedke J, Rini BI, Plimack ER, Stus V, Gafanov R, Waddell T, et al. Health-related
quality of life analysis from KEYNOTE-426: pembrolizumab plus axitinib versus
sunitinib for advanced renal cell carcinoma. Eur Urol (2022) 82:427–39.
doi: 10.1016/j.eururo.2022.06.009

68. Versteegh M M, Vermeulen K, Evers S MAA, de Wit GA, Prenger R A, Stolk E.
Dutch Tariff for the five-level version of EQ-5D. Value Health (2016) 19:343–52.
doi: 10.1016/j.jval.2016.01.003
frontiersin.org

https://doi.org/10.1016/j.clgc.2020.10.003
https://doi.org/10.1080/03007995.2020.1799771
https://doi.org/10.1080/03007995.2020.1799771
https://doi.org/10.1007/s40261-019-00820-6
https://doi.org/10.1007/s40261-019-00820-6
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://doi.org/10.1186/s12885-021-08018-w
https://doi.org/10.1186/s12916-016-0571-0
https://doi.org/10.1016/j.ejca.2014.01.025
https://doi.org/10.1016/j.eururo.2022.06.009
https://doi.org/10.1016/j.jval.2016.01.003
https://doi.org/10.3389/fonc.2023.1205700
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Cost-effectiveness and budget impact of pembrolizumab+axitinib versus sunitinib in patients with advanced clear-cell renal cell carcinoma in the Netherlands
	1 Introduction
	2 Materials and methods
	2.1 Model structure
	2.2 Estimates on clinical outcomes and adverse events
	2.3 Utility and cost estimates
	2.4 Sensitivity analysis
	2.5 Budget impact analysis

	3 Results
	3.1 Base case
	3.2 Sensitivity analysis
	3.3 Scenario analyses
	3.4 Budget impact analysis

	4 Discussion
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


