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Abstract
Objectives Progressive fibrosing interstitial lung disease (PF-ILD) is characterised by increased pulmonary fibrosis, lung 
function decline, acute exacerbations, decreased quality of life and increased mortality. Nintedanib may slow down disease 
progression, but long-term outcomes are unknown. We aimed to assess the cost-effectiveness of nintedanib in comparison 
to placebo, both on top of usual care in patients with PF-ILD.
Methods An individual PF-ILD patient simulation model was created, using data and extrapolations from the nintedanib 
and placebo arms of the INBUILD trial. Clinical outcomes (mortality, exacerbations, lung transplants), economic outcomes 
(direct and indirect costs) and the cost-effectiveness of nintedanib over a 10-year time horizon were forecasted using the 
Netherlands as a case example. Disease progression was driven by lung function decline, with forced vital capacity (FVC) 
health states ranging from < 40 to ≥ 110 FVC of % predicted. Sensitivity and scenario analyses were performed to assess 
the impact of parameter assumptions on the cost-effectiveness and to test model robustness.
Results Over a 10-year follow-up, nintedanib gained an average of 1.31 discounted life years and an average of 0.87 discounted 
quality-adjusted life years (QALYs), resulting in an incremental cost-effectiveness ratio (ICER) of €60,690 per QALY. Sensitivity 
analyses showed cost variations had a minor impact on the ICER. Results were mainly driven by mortality probabilities and disease-
related utilities. Scenario analyses indicated most sensitivity to the time horizon and lung transplantation costs.
Conclusion Long-term treatment with nintedanib could result in considerable health gains for patients with PF-ILD and can 
be considered cost-effective under the common willingness-to-pay threshold.

Key Points for Decision Makers 

Currently, the long-term cost-effectiveness of treatment 
with nintedanib is unknown in patients with progres-
sive fibrosing interstitial lung disease (PF-ILD) in the 
Netherlands.

In patients with PF-ILD, treatment with nintedanib 
versus placebo, both on top of usual care, resulted in 
an incremental cost-effectiveness ratio of €60,690 per 
quality-adjusted life year over a 10-year time horizon.

In our study, we showed that long-term treatment with 
nintedanib could result in considerable health gains for 
patients with PF-ILD, while being cost-effective under the 
common willingness-to-pay threshold in the Netherlands.
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1  Introduction and Objective

Interstitial lung diseases encompass a large and heterogene-
ous group of lung disorders that includes idiopathic pul-
monary fibrosis (IPF), which can develop as progressive 
fibrosing interstitial lung disease (PF-ILD) [1–3]. PF-ILD is 
characterised by progressively increased pulmonary fibrosis, 
decline in lung function, acute exacerbations and increased 
mortality [4, 5]. Though epidemiological data for PF-ILD 
are limited, prevalence estimates vary between 2.2 and 20.0 
per 100,000 in Europe, and 28.0 per 100,000 in the USA [6]. 
The annual mortality rate is expected to be comparable to 
IPF at around 1.4 per 100,000 [5].

The phase III INBUILD clinical trial recently evaluated 
treatment with nintedanib  (OFEV®, Boehringer Ingelheim), 
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an oral tyrosine kinase inhibitor, versus placebo, both on top 
of usual care (UC) (i.e., symptomatic treatment) in patients 
with PF-ILD [7]. Patients with a progressive fibrotic phe-
notype other than IPF were analysed as IPF and had already 
been studied in the INPULSIS trials [7, 8]. INBUILD 
showed that treatment with nintedanib resulted in a slower 
rate of progression. The annual rate of decline in forced vital 
capacity (FVC) over the 52-week period (the primary end 
point) was significantly lower among patients who received 
nintedanib (− 80.8 ml) than among patients who received 
placebo (− 187.8 ml; p < 0.001) [7].

Nintedanib is the first treatment approved by the Euro-
pean Commission for PF-ILD [9]. There are currently 
no other licensed treatments available for PF-ILD with 
European-wide approval. Immunosuppressive medicines 
like prednisone and azathioprine may be used off-label; 
however, their efficacy and safety have not been estab-
lished [10]. Non-pharmaceutical treatment options include 
oxygen therapy, pulmonary rehabilitation, and lung trans-
plantation [11–13]. Treatment with nintedanib may slow 
down PF-ILD progression over the course of the disease. 
Yet, the potential long-term clinical benefits and cost-
effectiveness of treatment with nintedanib in patients with 
PF-ILD is unknown.

In accordance with INBUILD, patients with IPF were 
excluded in this cost-effectiveness analysis. In addition, the 
effectiveness and cost-effectiveness of nintedanib in IPF has 
already been analysed [8, 14, 15]. The objective of this study 
was to assess the cost-effectiveness of nintedanib in compar-
ison to placebo, both on top of UC in patients with PF-ILD.

2  Methods

2.1  Study Design

An individual patient simulation model was built in Micro-
soft Excel. The long-term clinical effects, costs and cost-
effectiveness were forecasted for treatment with nintedanib 
versus placebo, both on top of UC in patients with PF-ILD, 
using a 10-year time horizon as the follow-up period.
2.2  Model Description

The model included 500 individual patient simulations for 
each arm with patient characteristics such as age (mean age 
65.8 ± 9.8 years), sex (53.7% male), utilities (0.69) and per-
centage of predicted FVC (FVC%pred 68.99) representative 
for the INBUILD population. Figure 1 presents a graphical 
overview of the economic model detailing the PF-ILD health 
states (decline in predicted lung function, acute exacerba-
tions, lung transplant and death) based on patients’ FVC 
ranging from < 40 to ≥ 110 FVC%pred (Appendix B, see the 

Electronic Supplementary Material). The survival analysis 
of time to discontinuation was used to separate patients into 
patients ‘on treatment’ or ‘off treatment’. Every generated 
eligible patient started at treatment allocation, each with 
different levels of FVC%pred and without history of acute 
exacerbation (randomly drawn from INBUILD). This model 
was informed by the cost-effectiveness analysis used in the 
National Institute for Health and Care Excellence (NICE) 
assessment for nintedanib in patients with IPF in the United 
Kingdom (UK) [14]. To match the nintedanib pack size 
usage, the model had a cycle length of 30 days (1 month) 
and, in each cycle, specific events could occur. Notably, half-
cycle correction was applied because events and transitions 
can occur at any point during a cycle.

2.2.1  Lung Function Decline and Long‑Term Survival

To estimate patient’s FVC%pred over time, a regression 
equation was derived based on a post-hoc analysis of 
INBUILD (Appendix B, see the Electronic Supplementary 
Material). In line with INBUILD, lung function decline of 
> 10% from baseline was considered as irreversible progres-
sion. Death occurred when a patient reached an FVC%pred 
value below 40%. In the model, it was assumed that each 
patient could transition to death from every health state [16].

Multiple parametric extrapolations based on survival 
data (Kaplan–Meier curves) of INBUILD were performed 
including seven different survival functions; the description 
and choice of the extrapolations is included in Appendix B. 
Due to limited long-term PF-ILD data, a combined IPF data-
set from the INPULSIS-ON trial including 8 years of data 
for treatment with nintedanib was used to visually assess the 
standard parametric models [17].

2.2.2  Forecasted Exacerbations, Adverse Events and Lung 
Transplantation

Exacerbations were defined in line with INBUILD—in 
short, acute, clinically significant respiratory deteriorations 
characterised by evidence of new, widespread alveolar 
abnormality [7]. Exacerbations are prognostic for mortality 
and morbidity in PF-ILD [7]. A regression equation was 
derived based on a post-hoc analysis of INBUILD (Appen-
dix B, see the Electronic Supplementary Material).

Incorporated adverse events included diarrhoea, nausea, 
vomiting, alanine aminotransferase increase and decreased 
appetite [7]. Inclusion was based on treatment-related or 
treatment-emergent events, of which the incidence needed 
to be > 10% in the nintedanib arm and at least 1.5 times that 
of the control arm. In the model, patients < 65 years could 
undergo a lung transplant when their lung function declined 
by ≥ 10% compared to baseline FVC%pred [18]. After a 
simulated lung transplantation, ILD-related mortality rates 
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remained in place; yet, costs and utility values resembled 
those for patients undergoing a lung transplant (Table C2, 
Appendix C) [19, 20].

2.2.3  Long‑Term Cost‑Effectiveness

Considering an intervention as cost-effective depends on 
the accepted willingness-to-pay (WTP) threshold. In this 
study, we chose the Netherlands as a case example where the 
endorsed WTP threshold for high-burden disease like PF-
ILD is set at €80,000 per quality-adjusted life year (QALY) 
[21].

Reporting of this economic evaluation followed the Con-
solidated Health Economic Evaluation Reporting Standards 
(CHEERS) checklist (Appendix A, see the Electronic Sup-
plementary Material) [22]. Both treatment groups (nint-
edanib arm versus placebo arm) were informed by INBUILD 
[7]. To account for future devaluations, a societal perspec-
tive with discounting rates of 4.0% for costs and 1.5% for 
effects and a time horizon of 10 years were applied, in line 
with Dutch guideline recommendations [23]. In line with the 
societal perspective, direct medical costs as well as direct 
non-medical costs (e.g. travel costs), indirect non-medical 
costs (e.g. work productivity losses) and indirect medical 
costs were included.

2.2.4  Utilities

A regression equation was used to determine patient-specific 
health state utilities based on EQ-5D-3L data (Electronic 

Supplementary Material Appendix C, description utility 
values modelling and Tables C1 and C2). UK preference 
weights were used to derive the utilities because no Dutch 
patients were included in INBUILD (data on file—Utilities 
INBUILD 2019, Clinical Trial Report, Boehringer Ingel-
heim). The economic model assumed utility decrements 
associated with treatment-related adverse events, and in 
the case of lung transplantation, different baseline utili-
ties were applied. For exacerbations, a permanent drop in 
FVC%pred and a temporary drop in utility lasting 30 days 
were assumed. The permanently decreased FVC%pred 
would define the new utility value in the following cycle.

2.2.5  Healthcare Resource Utilisation and Associated Costs

Included costs concerned direct costs related to the interven-
tion, societal costs, and all disease-related healthcare costs 
incurred until death, inflated to cost year 2019 [24]. Table C2 
in Appendix C (see the Electronic Supplementary Material) 
presents the 1-month event probabilities for hospitalisations, 
emergency room (ER) visits, oxygen use and outpatient visits, 
per FVC%pred subgroup. All these probabilities were based 
on a post-hoc analysis of INBUILD. Oxygen use per patient 
concerned an average of 12.87 h/day and a mean of 54.51 
days per year, respectively (data on file—post-hoc analysis 
INBUILD 2019, Boehringer Ingelheim). The monthly pre-
scription cost of nintedanib was included in the model and 
distributed by dose: 70% of patients were assigned the 150 mg 
dose and 30% the 100 mg dose, in line with the average use in 
patients with IPF in the Netherlands (IQVIA in market units 
sales data 2020) [25, 26]. Nintedanib 60 capsules cost €2258 

Fig. 1  Schematic structure of 
the model to assess the cost-
effectiveness of nintedanib 
compared to placebo, both on 
top of usual care, for the treat-
ment of patients with PF-ILD. 
FVC%pred forced vital capacity 
of % predicted, PF-ILD progres-
sive fibrosing interstitial lung 
disease
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for 150 mg and €1683 for 100 mg per month, leading to an 
average daily cost of €69.52 [25]. The mean cost for grade 3 
adverse events was incorporated using Dutch prices for each 
event [23]. The unit cost for a liver panel test was included 
every 3 months because elevated hepatic enzyme values were 
associated with nintedanib. Acute exacerbation event costs 
comprised €5463 and the cost for oxygen use was based on the 
LAN portable oxygen pump at a rate of €0.17 per hour [27, 
28]. Undergoing a lung transplant comprised one-off costs of 
€38,214 without including other PF-ILD related costs (such 
as drug treatment or monitoring costs) [29]. End-of-life care 
such as percentages of patients that died at the intensive care 
unit (ICU), hospital, home or nursing home was based on 
Dutch data from Wuyts et al. [30].

2.3  Sensitivity Analyses

The robustness of the model results and the drivers of cost-
effectiveness were explored with univariate (or one-way) 
sensitivity analysis (Table C3, Appendix C, see the Elec-
tronic Supplementary Material). This analysis varied the 
input of each probability parameter between the lowest and 
highest limit of their 95% confidence intervals (CIs), and for 
each cost parameter between the lowest and highest limits 
assuming a 25% variability around the mean.

Additionally, probabilistic sensitivity analysis (PSA) was 
performed to explore uncertainty around the model’s key 
variables and analyse stabilisation of the PSA outcomes. 
The number of iterations to achieve stabilisation was inves-
tigated. Table C3 in Appendix C presents the parameters 
included in the base-case setting along with their assumed 
distributions, and lower and upper limits.

2.4  Scenario Analyses

The following eleven scenario analyses were performed to 
explore alternative assumptions:

• Time horizon: 1 (length of INBUILD), 5 and 25 years.
• Healthcare perspective: Only taking into account the 

healthcare costs directly related to the intervention and 
all costs that occur in the years of life gained [31].

• Utilities: Random effect excluded. It was included in the 
base-case analysis to better model the uncertainty in indi-
vidual patient simulations.

• Variation in drug costs: ± 20% for nintedanib. (Ear-
lier studies and analyses have implemented the same 
approach [32, 33].)

• Variation in relative dose intensity: 50% both 100 mg and 
150 mg, 100% 150 mg and 100% 100 mg nintedanib.

• Excluding end-of-life costs.

• Excluding lung transplantation events.
• Number of acute exacerbations: Three, over a time hori-

zon of 10 years.
• Gompertz distribution (parametric function for overall 

survival): Both nintedanib and placebo arms.
• Loglogistic distribution (parametric function for overall 

survival): Both nintedanib and placebo arms.
• Standard Weibull distribution (parametric function for 

overall survival): both nintedanib and placebo arms.

3  Results

An overview of seven different parametric extrapolations 
is shown for the overall survival in the nintedanib arm 
(Fig. 2). The Bayesian Weibull model was considered the 
best parametric distribution for overall survival based on 
comparability with clinical trials and observational studies 
with IPF (see Appendix B in the Electronic Supplementary 
Material for further description).

When compared to INBUILD, 97.50% of patients were 
alive after 6 months and 93.70% after 12 months in the 
model versus 98.64% and 95.31% in INBUILD, respec-
tively, showing a difference of 1.14% for 6 months and 
1.61% for 12 months. Overall, treatment with nintedanib 
was predicted to result in 2.87 discounted QALYs versus 
2.00 discounted QALYs for placebo, both on top of UC. 
This led to 0.87 incremental QALYs compared with pla-
cebo over the 10-year time horizon.

The incidence of acute exacerbations with nintedanib 
was 3.9% per 1000 patient years versus 6.0% with UC. The 
average age at death was 70.88 years with nintedanib versus 
69.24 years with placebo, resulting in 1.64 undiscounted 
incremental life years.

3.1  Cost‑Effectiveness

The total costs per patient over 10 years of treatment were 
€91,301 for nintedanib versus €38,358 for placebo, both 
on top of UC. This resulted in a total incremental cost of 
€52,944 (discounted) over 10 years of treatment for nint-
edanib (Fig. 3). Treatment with nintedanib constituted 66% 
of the total costs per patient. Two main cost drivers in both 
treatment groups were patient monitoring costs (€13,102 for 
nintedanib vs €8931 for placebo) and the lung transplant 
cost, which comprised 14% of the total cost for the nint-
edanib group and 67% for placebo. Societal costs accounted 
for around €2403 for nintedanib and €1627 for placebo. 
The costs of acute exacerbations and for managing adverse 
events were minor in both groups. Together with 1.31 dis-
counted incremental life years and 0.87 incremental QALYs 
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(Fig. 3), this produced an incremental cost-effectiveness 
ratio (ICER) of €40,418 per life year gained (LYG) and an 
ICER of €60,690 per QALY.

3.2  Sensitivity Analysis

Figure 4 shows the effect of key parameters on the ICER 
per QALY. The results were most sensitive to mortality 
probabilities and disease-related utilities. Results were also 
sensitive to progression probabilities, background follow-up 
costs, lung transplant-related utilities and exacerbation prob-
abilities. Other parameters, including discontinuation proba-
bilities, societal resource use, adverse event disutilities, costs 

and probabilities, acute exacerbation resource use, costs for 
end of life and lung transplants, had a minor influence on 
the ICER per QALY.

The probabilistic results were stabilised with 1000 itera-
tions (Table C4 in Appendix C, see the Electronic Supple-
mentary Material) and are shown in Fig. 5. The PSA indicate 
a high probability of meeting the WTP threshold of €80,000 
per QALY. The cost-effectiveness acceptability curve indi-
cates that treatment with nintedanib has 100% probability 
of being cost-effective at a WTP threshold of €80,000 per 
QALY (Fig. 1 Appendix C).

Fig. 2  Overview of parametric 
extrapolation results for overall 
survival in the nintedanib arm. 
*Curves are overlapping and 
may not be entirely distinguish-
able. BSA Bayesian survival 
analysis, GenGamma gener-
alised Gamma, KM Kaplan–
Meier

Fig. 3  Overview of total cost and the total QALYs for the nintedanib versus placebo, both on top of usual care. QALY quality-adjusted life year, 
UC usual care
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3.3  Scenario Analyses

Scenario analyses were performed to analyse the robustness 
and assumptions of the economic model (Fig. 6, and in more 
detail in Table C5, Appendix C, see the Electronic Supple-
mentary Material). Scenario analyses showed the model is 
most sensitive to the chosen time horizon and exclusion or 
inclusion of lung transplantation. Varying the time horizon 
gave ICERs of, consecutively, €2,294,659 per QALY for 1 
year, €105,280 per QALY for 5 years and €55,509 per QALY 
for 25 years. So, the longer the time horizon, the more the 
ICER decreased. When lung transplantation was excluded 
from the model, the ICER increased to €84,926 per QALY. 
Varying drug cost gave ICERs of €46,882 and €74,497 per 
QALY, showing that the ICER was sensitive to drug cost. 
Also, when varying the relative dose intensity to 100% 100 
mg nintedanib, this resulted in an ICER of €47,365. Varying 
the extrapolations to either Gompertz, Loglogistic or stand-
ard Weibull for both arms resulted in an ICER range from 
€57,479 to €74,254 per QALY. All other scenarios gave an 
ICER ranging from €56,883 to €66,401 per QALY, showing 
that there was limited impact on the outcome.

4  Discussion

In this study, we aimed to assess the cost-effectiveness of 
nintedanib in comparison to placebo, both on top of UC in 
patients with PF-ILD. Over a 10-year follow-up, treatment 
with nintedanib avoided an average of 2.1% acute exacer-
bations per 1000 patient years, resulted in 1.31 discounted 
incremental life years and 0.87 incremental QALYs, lead-
ing to an ICER of €60,690 per QALY. Sensitivity analyses 
showed that our analysis was generally robust. Mortality 

probabilities (e.g. extrapolated survival functions) and 
disease-related utilities had the largest impact on our value 
estimate. Scenario analyses showed that the model is sensi-
tive, in particular, to the chosen time horizon and exclusion 
or inclusion of lung transplantation. Varying drug costs and 
the relative dose intensity of 100% 100 mg nintedanib also 
had an effect on the results. For model robustness, we var-
ied the drug costs to both sides (± 20%). We are aware that 
in real life the drug costs often only decrease in a product 
life cycle; however, earlier studies and analyses have imple-
mented the same approach [32, 33]. We wanted to provide a 
base benchmark, varying the survival estimates by including 
the three distributions with low Akaike information criterion 
(AIC) and Bayesian information criterion (BIC), and using 
the Gompertz distribution with the lowest survival estimates. 
Varying the extrapolations to either Gompertz, Loglogistic 
or standard Weibull distributions for both arms resulted in an 
ICER range from €57,479 to €74,254 per QALY. The lowest 
survival estimates with the Gompertz distribution resulted in 
an ICER of €74,254 per QALY, which is within the accept-
able WTP threshold of €80,000 in the Netherlands. All other 
scenarios had a limited impact on the ICER.

The long-term effects and cost-effectiveness of nintedanib 
for the treatment of patients with PF-ILD as informed by 
the INBUILD trial have not been published previously in 
peer reviewed journals [7]. Following the main analysis of 
INBUILD, the effects of nintedanib were also established 
in five prespecified subgroup analyses: hypersensitivity 
pneumonitis, autoimmune ILDs, idiopathic non-specific 
interstitial pneumonia, unclassifiable idiopathic interstitial 
pneumonia, and other ILDs [34]. Although INBUILD was 
not powered to provide evidence for the clinical benefit of 
nintedanib in these specific subgroups, the effect was con-
sistent in reducing the rate of FVC decline [3, 34]. This 

Fig. 4  Tornado diagram of 
univariate sensitivity analy-
sis: the impact on the ICER 
per QALY of varying input 
parameters. ICER incremental 
cost-effectiveness ratio, QALY 
quality-adjusted life year
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would suggest that nintedanib would be cost-effective for 
all these five subgroups in the Netherlands.

We decided to include a time horizon of 10 years based 
on two factors: the baseline age of the patient population in 
INBUILD, which was 65.8 ± 9.8 years of age, and a study 
by Wijsenbeek et al., in which it was estimated that the 
time from symptom onset to death was 61–80 months in 
patients who developed a non-IPF ILD progressive fibrotic 
phenotype [35]. Recently, the effects of nintedanib on ILD 

progression over the whole INBUILD trial were published. 
In the nintedanib (n = 332) and placebo (n = 331) groups, 
the proportions of patients who had ILD progression (abso-
lute decline in FVC ≥ 10% predicted) or died were 40.4% 
and 54.7% in the overall population (hazard ratio 0.66 [95% 
CI 0.53–0.83]; p = 0.0003) over 15.6 and 16.8 months, 
respectively. This confirms our choice of the 10-year time 
horizon. We used UK preference weights to derive utilities 
as no Dutch patients were included in the INBUILD trial. 

Fig. 5  Cost-effectiveness scat-
ter plot of nintedanib versus 
placebo, both on top of usual 
care. PSA probability sensitivity 
analysis, QALY quality-adjusted 
life year, WTP willingness-to-
pay

Fig. 6  Outcomes of 11 scenario analyses. Excl. excluding, ICER incremental cost-effectiveness ratio, mg milligram, Nr. number, QALY quality-
adjusted life year, WTP willingness-to-pay
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If local Dutch utility values would have been available, we 
would have applied these. However, we do not expect that 
this would have a major impact on the results as UK values 
are generally considered representative for the Netherlands.

Of note, while lung transplant costs were an important 
driver of cost-effectiveness, the included cost of a lung 
transplant (€38,214) only concerned the cost for the lung 
transplantation itself. Costs such as research for transplant 
eligibility, medical support during a transplant and rehabili-
tation after a transplant were not included and could result 
in a more favourable ICER for nintedanib [36].

Sensitivity analyses showed acute exacerbations were not 
a major driver of the cost-effectiveness results, although the 
absence of effect may be driven by lack of data as acute 
exacerbations were rare in INBUILD and the time to first 
acute exacerbation was used from INBUILD to simulate 
this in the model. Overall, acute exacerbations meaningfully 
worsen the disease progression, with a concomitant negative 
impact on quality of life and overall survival, and a relative 
increase in healthcare resource use and cost [3, 37].

The cost-effectiveness of nintedanib indicated for IPF was 
previously peer reviewed in journals for various countries, 
although the evaluation of nintedanib versus placebo was 
only performed in the UK [14]. The comparisons used in 
other evaluations concerned pirfenidone or other treatments. 
The UK analysis indicated an ICER of £145,310 per QALY 
gained [14]. The outcomes differed in comparison to our 
evaluation; we used Dutch drug costs (which were lower), 
and we also used a nintedanib dose distribution in which 
70% of patients were assigned the 150-mg dose and 30% 
were assigned 100 mg. This resulted in a lower daily average 
drug cost (€69.52 per day) than the 100% 150 mg applied 
by the UK analysis (converted with average exchange rate 
to €81.74 per day in accordance with exchangerate.org.uk). 
Our analysis, focused on PF-ILD, resulted in an incremental 
QALY gain of 0.87 versus the analysis for IPF that resulted 
in a 0.40 incremental QALY gain. Both analyses showed 
comparable incremental costs; therefore, the difference in 
incremental QALY impacted the ICER. Lastly, our analysis 
was performed from the Dutch societal perspective, includ-
ing discount rates of 4.0% for costs and 1.5% for effects, 
respectively (UK, 3.5% for both), productivity costs, and 
the Dutch cost data for healthcare resource use, which also 
resulted in a lower ICER.

The base case was informed by the current usage of nint-
edanib of IPF patients in the Netherlands [25]. In this analy-
sis, we included the following three scenarios: 50% both 
100 mg and 150 mg, 100% 150 mg, and 100% 100 mg nin-
tedanib. We are aware that this is not evidence based; how-
ever, we wanted to show the sensitivity to the ICER, using 
either 100% of 100 mg or 150 mg nintedanib and decided, 
therefore, to also show the sensitivity of 50% for both 100 
mg and 150 mg.

A strength of this economic evaluation is that it was based 
on a large international clinical trial, and most of the health-
care resource utilisation data were derived from the same 
source, adding to the internal validity of our clinical PF-ILD 
progression projections. Also, the model was conceptualised 
and developed following international best practice guide-
lines [38, 39].

Although no specific Dutch patient data were used to 
determine the utilities, we assumed that the EQ-5D-3L val-
ues were applicable to the Dutch population. This could be 
a potential limitation of our economic evaluation. Another 
limitation was that we used long-term IPF data to address 
the uncertainty of long-term PF-ILD extrapolation of overall 
survival; however, a recent study of Brown et al. found that 
patients with PF-ILD who received placebo in the INBUILD 
trial had a clinical course similar to patients with untreated 
IPF [40]. The duration of follow-up for the placebo arm 
in the IPF trial (INPULSIS-ON) was also shorter than for 
the nintedanib arm, meaning that the extrapolation for the 
placebo arm was more uncertain than for nintedanib. As 
nintedanib is a new treatment for patients with PF-ILD, the 
treatment tolerability and adherence or discontinuation rates 
in real life are relatively unknown.

Real-world data and prospective studies for patients with 
PF-ILD, like the recent observational studies of Nasser et al. 
and Wijsenbeek et al. and the study of Behr et al. that was 
performed in patients with IPF, are necessary [35, 41, 42]. 
These studies are important to further identify the long-term 
effects, tolerability, and safety of treatment with nintedanib 
and the effects on disease progression, overall survival, acute 
exacerbations and mortality in daily practice. The outcomes 
of a real-world study with a more diverse patient population 
can further support the outcomes of this cost-effectiveness 
analysis.

5  Conclusion

In conclusion, long-term treatment with nintedanib could 
result in considerable health gains for patients with PF-ILD 
and can be considered cost-effective under common WTP 
thresholds in the Netherlands. The uncertainty around the 
results was mainly driven by mortality probabilities and 
disease-related utilities. Scenario analyses showed that the 
model is sensitive to the chosen time horizon, the inclu-
sion or exclusion of lung transplantation, the lowest survival 
estimates applying the Gompertz distribution, and varying 
drug costs and relative dose intensity to 100% of 100 mg 
nintedanib. All other scenarios had a limited impact on the 
ICER. Further research is needed to confirm our model pro-
jections, in particular, the long-term trial outcomes of treat-
ment with nintedanib for PF-ILD.
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