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Abstract 

Background Dupilumab, omalizumab, and mepolizumab are the three biologics currently approved for use 
in CRSwNP in Canada. Despite evidence of efficacy, their cost-effectiveness, which is a key factor influencing 
prescribing patterns, has not yet been compared to each other.

Methods A cost-effectiveness model using quality-adjusted life years (QALYs) was constructed using a Decision Tree 
Markov analysis. A third-party healthcare payer perspective and a 10-year time horizon was used. A willingness-to-pay 
(WTP) threshold of 50,000 Canadian dollars (CAD) per QALY was used to determine cost-effectiveness. Dupilumab, 
omalizumab, and mepolizumab were each compared to each other.

Results Omalizumab was the most cost-effective biologic using current estimates of cost and efficacy in CRSwNP. 
Using omalizumab as a baseline, dupilumab had an ICER of $235,305/QALY. Mepolizumab was dominated 
by omalizumab and dupilumab at the current drug prices and estimates of efficacy. Sensitivity analyses determined 
that when increasing the WTP threshold to $150,000/QALY, dupilumab became cost-effective compared 
to omalizumab in 22.5% of simulation scenarios. Additionally, altering dosing frequency had a significant effect 
on cost-effectiveness.

Conclusion When comparing the relative cost-effectiveness of biologics in recalcitrant CRSwNP, omalizumab 
currently appears to be the most cost-effective option. Future reductions in drug prices, adjustments to currently 
approved dosing regimens, better patient selection, and improvements in sinus surgery outcomes will challenge 
the current cost-effectiveness models and necessitate reassessment as treatments for CRSwNP continue to evolve.
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Introduction
Chronic rhinosinusitis (CRS) is characterized by 
concomitant inflammation of the nasal and sinus 
mucosa [1]. It can be distinguished into two phenotypes: 
chronic rhinosinusitis with nasal polys (CRSwNP) or 
chronic rhinosinusitis without nasal polyps (CRSsNP) 
[2]. CRSwNP is a leading cause of significant morbidity 
globally with estimated prevalence of 1–2.6% in the 
general population and 25–30% in patients with CRS 
[3, 4]. CRSwNP is a chronic inflammatory syndrome 
of the nasal passage linings or sinuses resulting in soft 
tissue growth known as nasal polyps [3]. As a Type 2 
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inflammatory disease, it is often associated with other 
conditions such as asthma, allergic rhinitis, and aspirin-
exacerbated respiratory disease (AERD) [5]. Although 
medical therapy and endoscopic sinus surgery (ESS) have 
been the mainstay treatment options for patients with 
CRSwNP, there remains a significant population with 
limited response to currently available strategies [6].

The emergence of monoclonal antibodies targeting 
specific components of the Type 2 inflammatory pathway 
has catalyzed significant changes in the therapeutic 
landscape of CRSwNP treatment [7]. Recent clinical 
trial data has suggested that biologics can improve the 
clinical signs and symptoms of CRSwNP in patients 
with medically and/or surgically recalcitrant disease 
[8, 9]. There are currently three biologics approved for 
use in CRSwNP including dupliumab, omalizumab and 
mepolizumab in Canada. Though current evidence 
demonstrate higher efficacy in dupliumab users, 
emerging data suggest a promising role of omalizumab 
and mepolizumab in improving outcomes [10, 11]. 
Omalizumab and mepolizumab have been used in the 
treatment of asthma for over a decade with evidence 
indicating their efficacy [12]. However, despite the 
proven efficacy of biologics overall, the high cost of 
these pharmaceuticals has been cost-prohibitive, with 
recent cost-effectiveness analyses demonstrating their 
value principally in salvage treatment [13, 14]. Current 
Canadian practice guidelines on the use of biologics for 
treating CRSwNP reflect these findings, suggesting that 
biologics should only be considered in patients who have 
undergone adequate ESS and have failed appropriate 
medical therapy [15].

In Canada, most health systems are faced with high 
demand but have limited budget with which to provide 
the necessary services. Hence, the use of biologics in the 
most cost-efficient manner is important in promoting 
sustainability and healthcare stewardship. While there is 
now robust evidence detailing the comparative efficacy of 
each of the three biologics approved for use in Canada, 
there are no studies that compare the cost-effectiveness to 
each other. The aim of this study was to use all currently 
available evidence to perform a cost-effectiveness analysis 
comparing the relative cost-effectiveness of dupilumab, 
mepolizumab, and omalizumab for the treatment of 
CRSwNP.

Methods
This was a cost-effectiveness analysis using reporting 
standards according to the 2013 Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS) 
guidelines [16]. The population of interest consisted 
of adult patients with a diagnosis of CRSwNP which 
was refractory to initial ESS and appropriate medical 

management. The primary outcome in the analysis 
was the incremental cost per quality-adjusted life year 
(QALY), illustrated by the incremental cost-effectiveness 
ratio (ICER) for each treatment strategy. A third-party 
healthcare payer perspective was used and a 10-year 
time horizon was used. The ICER denotes how much 
payment is required for one additional year of (quality-
weighted) life and is compared with a pre-determined 
“willingness-to-pay” (WTP) threshold that differs by 
publication, society, economic system, time period, and 
other factors [17]. A WTP threshold of 50,000 Canadian 
dollars (CAD) per QALY was used to determine cost-
effectiveness. Discounting is a mathematical procedure 
for adjusting future costs and outcomes of health-care 
interventions to present value [18]. A discount rate of 3% 
was recommended by the Public Health Service Panel 
on Cost-Effectiveness in Medicine and has been used in 
other CEA analyses [13, 19]. Thus, an annual discount 
rate of 3% was applied to both costs and outcomes.

Modeling approach
A decision tree and Markov model (Fig.  1) were 
constructed with the assistance of TreeAge Pro 
Healthcare Module 2015 (TreeAge Software, Inc., 
Williamstown, MA, USA). The status quo was 
revision ESS. This was directly compared against 
patients receiving either dupilumab, mepolizumab, or 
omalizumab. All data inputs for probabilities, utilities, 
and costs are presented in full in Table 1.

Probabilities and outcomes
Probabilities in the analysis were extracted from 
published literature [10, 15, 20–26]. Briefly, database 
searches on PubMed and Embase were performed using 
the keywords “chronic rhinosinusitis”, “nasal polyps”, 
“biologics”, “outcome”, “dupilumab”, “omalizumab”, 
and “mepolizumab”. Articles examining the efficacy of 
dupilumab, omalizumab, and mepolizumab, as well as 
revision surgery, for the treatment of CRSwNP were 
reviewed. Systematic reviews and meta-analyses were 
prioritized as the source for model inputs. All model 
inputs can be found in Table 1.

The probability of complications from surgery 
followed a similar weighted calculation as previously 
published by Rudmik et al. [21, 27–30].  The probability 
and distribution of complications as a result of 
biologic therapy were considered to be the same for 
all biologics, according to data demonstrating no 
significant differences in adverse events between 
drugs [10]. The probability of requiring rescue oral 
corticosteroids and revision surgery were derived from 
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the recent meta-analysis by Oykhman et  al. [10]. A 
baseline yearly compounded rate of revision surgery on 
no biologic treatment was calculated to be 4% based on 
the literature-estimated 5-year revision surgery rate for 
patient with recalcitrant CRSwNP of 10–30%. [15]

Health utility was measured using QALYs converted 
from Sinonasal Outcome Test (SNOT-22) outcomes 
according to a previously published mapping algorithm 
[31]. SNOT-22 scores are the most common quality-
of-life outcome measure used in evaluating the efficacy 
of biologics and surgical therapy for the treatment of 
CRSwNP.

Costs
Costs associated with surgical and biologic therapy 
were derived from CPT codes from the Centers 
for Medicare & Medicaid Services (CMS) website, 
previously published literature data, and personal 
communication with pharmaceutical companies 
manufacturing with each biologic and pharmacy 
distributors. The yearly cost of biologic therapy was 
based on dosing regimens approved for use in Canada, 
which included every 2  weeks for dupilumab (total 
yearly cost of $25,516), every 4 weeks for mepolizumab 
(total yearly cost of $27,383), and every 4  weeks for 
omalizumab (total average yearly cost of $20,000) [32–
35]. Omalizumab was priced at an average of 300  mg 
per dose reflecting recent trials. [25]

The mean (SD) cost of surgery was at $3,987, adjusted 
for inflation to 2021, from a Canadian estimate of the 
government-perspective costs of sinus surgery by 

Rudmik and Au [36]. All costs were reported in CAD 
and adjusted for inflation to 2021.

Sensitivity analysis
Deterministic and probabilistic sensitivity analyses 
were performed to verify the robustness of the results. 
Deterministic sensitivity analysis explored threshold 
analysis and dosing frequency adjustment. The 
probabilistic sensitivity analysis used a Monte Carlo 
simulation with sufficient runs to generate stable ICER 
scatterplots and cost-acceptability curves, using beta 
distributions for probabilities and utilities. Standard 
deviations, where available, were derived from the 
literature.

Results
The cost-effectiveness base case analysis shows that 
omalizumab is currently the most cost-effective biologic 
for patients with CRSwNP who have persistent symptoms 
despite appropriate medical management and initial 
ESS, costing $168,414 over 10  years and accumulating 
5.34 QALYs (Fig.  2). Using omalizumab as a baseline, 
dupilumab had an ICER of $235,305/QALY, costing 
$207,453 over 10  years and accumulating 5.51 QALYs 
(Table 2). Mepolizumab was dominated by omalizumab, 
costing $217,279 over 10  years and accumulating 5.13 
QALYs (Table 2).

Sensitivity analysis
Cost-effectiveness between biologics was quite 
dependent on changes in cost and WTP threshold 
adjustments. Firstly, probabilistic sensitivity analysis 
showed that as the WTP threshold was increased to 

Fig. 1 Markov decision tree analysis model—Model used to simulate the cost-effectiveness analysis
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Table 1 Parameters used in model

OCS Oral corticosteroid

SNOT-22 Sinonasal Outcome Test 22-Item

ESS Endoscopic sinus surgery

CMS Centers for Medicare & Medicaid Services

CPT Current Procedural Terminology

EGPA Eosinophilic Granulomatosis with Polyangiitis

*Compounded yearly rate calculated from a 5-year rate of 10–30%

Variable Description Mean Standard 
deviation

Distribution Source

Probabilities

Yearly probability of revision surgery 
on no biologic

0.03894* [15]

Yearly probability of revision surgery 
on dupilumab

0.00923 0.0022 Beta [10]

Yearly probability of revision surgery 
on mepolizumab

0.01686 0.0039 Beta [10]

Yearly probability of revision surgery 
on omalizumab

0.02592 0.0039 Beta [10]

Yearly probability of rescue OCS on no biologic 0.3196 [10]

Yearly probability of rescue OCS on dupilumab 0.1023 0.0160 Beta [10]

Yearly probability of rescue OCS 
on mepolizumab

0.2173 0.0328 Beta [10]

Yearly probability of rescue OCS on omalizumab 0.1950 0.0911 Beta [10]

Yearly probability of adverse event 
on dupilumab

0.3183 Beta
(2, 4.28)

[10]

Yearly probability of adverse event 
on mepolizumab

0.3183 Beta
(2, 4.28)

[10]

Yearly probability of adverse event 
on omalizumab

0.3183 Beta
(2, 4.28)

[10]

Proportion of patients non-adherent 
to dupilumab

0.086 Beta
(2, 21.2)

[11]

Proportion of patients non-adherent 
to mepolizumab

0.112 Beta
(2, 15.8)

[26]

Proportion of patients non-adherent 
to omalizumab

0.052 Beta
(2, 36)

[25]

Utilities

SNOT-22 of patients on no biologic 50.11 [10]

SNOT-22 of patients on dupilumab 30.20 1.295 Beta [10]

SNOT-22 of patients on mepolizumab 37.22 1.848 Beta [10]

SNOT-22 of patients on omalizumab 34.02 1.895 Beta [10]

Costs

Cost of ESS in Canada $3,987 [36]

Cost of biologic complication as anaphylaxis $1,446 [28]

Cost of biologic complication as arthritis $3,562 [27]

Cost of biologic complication as conjunctivitis $179 [30]

Cost of biologic complication as EGPA $33,292 [29]

Cost of biologic complication as hypersensitivity $601 [28]

Cost of biologic complication as injection 
reaction

$601 [28]

Cost of dupilumab (average yearly) $25,516 Product Monograph (Sanofi-Aventis Canada Inc.)

Cost of mepolizumab (average yearly) $27,383 Product Monograph (GlaxoSmithKline)

Cost of omalizumab (average yearly) $20,000 Drug Benefit Prices (Ontario Ministry of Health)
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$100,000/QALY and to $150,000/QALY, the upper 
bounds of commonly accepted threshold in the United 
States, the percentage of iterations where dupilumab 
was cost-effective over omalizumab increased from 
5% to 5.2% and 22.5%, respectively. These iterations 
are depicted in Fig.  3, showing the cost-effectiveness 
scatterplot and 95% confidence ellipse of dupilumab 
compared to omalizumab. Additionally, the cost-
acceptability curve shown in Fig.  4 demonstrates that 
the WTP had to be raised past $230,000/QALY in order 
for dupilumab to become cost-effective compared to 
omalizumab in a majority of scenarios.

The one-way deterministic sensitivity analysis 
demonstrated the effect of varying the costs associated 
with each biologic. In order for dupilumab and 
mepolizumab to become cost-effective compared to 
omalizumab under the WTP threshold of $50,000/QALY, 
the cost of the cost of dupilumab would have to drop to 
$21,727 per year (-14.9%) and the cost of mepolizumab 

would have to drop to $19,855 per year (-27.5%). As an 
illustration of the effect of altered dosing regimens, if the 
assumed dosing regimen for dupilumab was reduced to 
once every month after the first 6 months of q2 weekly 
as in the LIBERTY NP SINUS-52 trial dosing and that 
the similar efficacy at 12  months post-treatment was 
maintained in perpetuity, dupilumab would dominate 
both omalizumab and mepolizumab, costing $125,187 
per year and yielding 5.51 QALYs [37].

Discussion
This analysis offers important insights into the cost-
effectiveness of three biologics that are playing an 
increasingly important role in the treatment of CRSwNP 
in Canada. As the number of biologics approved for the 
treatment of recalcitrant CRSwNP continues to increase, 
it is essential that providers have additional data-driven 
guidance on the relative cost-effectiveness of these 
expensive medications within the context of currently 
accepted modalities of treatment such as ESS. Previous 
studies have demonstrated that biologics are not 
currently cost-effective when compared to surgery [13, 
14]. However, while surgery is capable of treating nasal 
polyposis and sinonasal-related symptoms such as nasal 
obstruction, systemic medical therapy with biologics 
is currently the only means to altering the underlying 
inflammatory disorder.

Fig. 2 Cost-effectiveness plane—Cost-effectiveness plane comparing dupilumab, mepolizumab, and omalizumab to revision surgery

Table 2 Cost-effectiveness rankings of strategies

Strategy Total costs Total QALYs ICER vs Omalizumab

1) Omalizumab $168,414 5.34 –

2) Dupilumab $207,453 5.51 $235,305/QALY

3) Mepolizumab $217,280 5.13 Dominated 
by Omalizumab
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When comparing the relative cost-effectiveness of 
the three biologics in this analysis, omalizumab was 
found to be more cost-effective than dupilumab, with 
mepolizumab being more costly and less effective than 
either omalizumab or dupilumab. These are important 

findings that need to be contextualized within recent 
literature supporting the superiority of dupilumab 
for the treatment of CRSwNP. A recent systematic 
review and meta-analysis has demonstrated that, 
using clinical trial data available to date, dupilumab 

Fig. 3 Probabilistic sensitivity analysis incremental cost-effectiveness scatterplot—Scatterplot showing the 95% confidence ellipse comparing 
the incremental cost-effectiveness of omalizumab compared to dupilumab at a Willingness-to-pay threshold of $50,000, b Willingness-to-pay 
threshold of $100,000, and c Willingness-to-pay threshold of $150,000
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demonstrates the greatest relative sinonasal-related 
quality of life improvements measured by mean SNOT-
22 score improvement (-19.91 for dupilumab, -16.09 for 
omalizumab, and -12.89 for mepolizumab) [10]. This may 
lead some clinicians to favor dupilumab as the preferred 
initial biologic for CRSwNP patients [11]. However, the 
results of this cost-effectiveness analysis show that, when 
taking a health economics perspective, dupilumab does 
not always represent the optimal approach to treating 
CRSwNP and that other biologics should be considered 
as viable alternatives.

It is important to note that the sensitivity analysis 
demonstrated that if alternative and less frequent dosing 
regimens for biologics are approved for use, such as 
moving from every two week dosing to once monthly 
dosing for dupilumab which showed similar efficacy at 
12 months post-treatment in the LIBERTY NP SINUS-52 
trial by Bachert et  al. the cost-effectiveness of biologics 
could shift in relation to each other [37]. Although 
the sensitivity analysis only explored decreasing the 
dosing frequency for dupilumab while keeping the price 
constant, this could potentially be an opportunity for 
other biologics as well. However, longer term follow-up 
data on alternative dosing regimens would be needed 
to support economic models which extrapolate efficacy 
during the lifetime of the treatment. Data surrounding 
less frequent dosing is currently being explored in further 

ongoing clinical studies, further paving the way for 
improved cost-effectiveness of biologics from reduced 
dosing frequency [38].

As guidelines continue to adapt in Canada based on the 
evidence available, there is an inclination in the guidelines 
to increase the cost-effectiveness of biologic drugs by 
targeting certain subgroups of patient populations, such 
as those patients with concomitant asthma [39]. With 
up to 67% of patients with CRSwNP having concomitant 
asthma, these patients have a higher sinonasal disease 
burden with severe symptoms and worse health-related 
quality of life along with higher associated healthcare 
costs, in addition to other quality of life impacts due to 
asthma itself [40–43]. While studies have shown that 
treatment of severe asthma with a biologic has resulted 
in improvements in asthma-related quality of life, it is 
possible that the usage of biologics for patients with 
CRSwNP and concomitant asthma would result in a 
synergistic improvement in quality of life and, thus, cost-
effectiveness of any biologic for the treatment of these 
conditions together. It is also possible that the ICERs of 
each of dupilumab, omalizumab, and mepolizumab may 
change in this patient subgroup. For example, asthma 
literature has shown that mepolizumab achieves greater 
clinical improvements in asthma-related outcomes 
over omalizumab, which may not correlate with similar 
relative efficacy in CRSwNP [44–46]. Unfortunately, 

Fig. 4 Probabilistic sensitivity analysis cost-acceptability curve—Cost-acceptability curve demonstrating the percentage of iterations that are 
cost-effective for each therapy based on various WTP thresholds
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there is a current lack of data studying the overall quality 
of life gains that patients with CRSwNP and concomitant 
asthma might experience, as biologic outcomes for CRS 
and asthma have thus far been studied independently.

Considering that the single most important factor 
affecting the cost-effectiveness of any biologic in 
this analysis was the average yearly cost while on a 
biologic, current strategies to work towards improving 
overall cost-effectiveness should include a focus on 
reducing drug prices. Some of this work is currently 
underway, with future studies evaluating the efficacy of 
alternative dosing regimens which reduce the frequency 
of injections needed which, in turn, would reduce 
the overall price. Other approaches may include the 
establishment of preferential formulary status in return 
for lower prices and the development of benefit designs 
and negotiation platforms to provide a clear pathway for 
prescribers can help improve their use. Furthermore, 
clinicians can advocate for access to biologics through 
exceptional access programs in the subgroup of patients 
with recalcitrant CRSwNP. While biologics, for the 
time being, remain expensive and are not considered to 
be cost-effective when compared to ESS, clinicians are 
increasingly recognizing that each treatment modality, 
including topicals, surgery, and biologics, has a role in 
caring for patients with CRSwNP, and that tailoring 
treatment plans according to certain factors may help 
with this decision process.

Limitations
A particular strength of the analysis in this paper comes 
from the use of data from a recently-published network 
meta-analysis synthesizing all available outcomes data 
on dupilumab, mepolizumab, and omalizumab [10]. As 
such, the estimates for health utility and other probability 
parameters used in this study can be considered to 
be robust and based on the highest-quality evidence 
currently available. However, there is currently a lack of 
data available from head-to-head trials between biologics 
comparing patient cohorts with similar disease severity, 
a limitation that introduces significant bias into the data 
that is currently available. Direct comparisons of current 
clinical trial data studying various biologics remains 
biased due to varying patient populations that were 
studied in each trial, including factors such as number 
of previous surgeries, nasal polyp scores, starting SNOT-
22 scores, and proportion of patients with concomitant 
asthma or aspirin-exacerbated respiratory disease. Data 
from pending randomized clinical trials addressing these 
knowledge gaps will certainly lead to significant shifts 
in the relative cost-effectiveness of each biologic for the 
treatment of CRSwNP.

The difficulty of determining an accurate cost 
for each biologic medication and active research 
into alternative dosing regimens creates significant 
uncertainty is an inherent limitation of any cost-
effectiveness analysis on biologics at the current 
moment. The concept of remission of the recalcitrant 
inflammatory state in patients with CRSwNP is a yet 
unexplored area of research, with recent data in asthma 
patients demonstrating that biologic therapy among a 
certain sub-population can result in long-term relief 
following cessation [47]. The use of biologics for a 
defined treatment duration in CRSwNP may have 
deep implications for reducing lifetime costs of these 
medications. Additionally, it is well-recognized that 
pharmaceutical companies may have publicly available 
list prices, but that these prices may not reflect the actual 
cost of the drug regimen that insurers eventually pay due 
to privately negotiated contracts that are not available 
for incorporation into cost-effectiveness models. Lastly, 
we recognize that the 10-year time horizon does not 
fully capture the true costs associated with a lifelong 
chronic condition such as chronic rhinosinusitis. 
However, due to the large amount of current research 
into alternative dosing regimens being conducted, it was 
felt that lengthening the time horizon any further would 
introduce a significant amount of uncertainty and further 
disadvantage biologics due to the assumption of use in 
perpetuity.

Conclusion
Using current drug prices and efficacy estimates of 
dupilumab, omalizumab, and mepolizumab for the 
treatment of recalcitrant CRSwNP, omalizumab is the 
most cost-effective biologic. Sensitivity analysis showed 
that this conclusion was quite dependent on drug prices 
and dosing regimens. Additional data from randomized 
control trials, along with potential reductions in drug 
list prices, modification of dosing strategies, better 
patient selection, and improvements in sinus surgery 
outcomes, are all factors that are anticipated to shift 
the relative cost-effectiveness of biologic therapies and 
surgery, challenging current cost-effectiveness models 
and altering existing recommendations on biologic use 
in CRSwNP. As a consequence, these analyses should 
be reassessed over time as therapy and management of 
CRSwNP evolve.
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