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Abstract 

Introduction: Poorly controlled severe eosinophilic asthma is difficult and costly to manage. Reslizumab, 

an add-on treatment for adults with severe eosinophilic asthma, reduces the number of exacerbations and 

improves the quality-of-life (QoL). The objective of this study was to evaluate the cost-effectiveness of 

reslizumab.  

Methods: A Markov model was used to compare the cost-effectiveness of add-on reslizumab with the 

standard-of-care from the US societal perspective over a 5-year time horizon. Efficacy and safety inputs 

for the model were based on data from two clinical trials (NCT01287039 and NCT01285323). Other 

model inputs, including mortality rates, costs, and utility, were estimated from literature, the Centers for 

Disease Control and Prevention (CDC), the US Department of Veterans Affairs (VA) and the Centers for 

Medicare and Medicaid Services (CMS). One-way, threshold and probabilistic sensitivity analyses (PSA) 

were performed. Adherence, treatment response, and the placebo effect were evaluated in separate 

scenario analyses.  

Results: The base case incremental cost-effectiveness ratio (ICER) was $697,403 (2017 USD) per quality-

adjusted life-years (QALYs). In the PSA, reslizumab becomes cost-effective in 50% of the iterations at a 

willingness-to-pay (WTP) threshold of $689,000. The model is most sensitive to the QoL improvement 

with reslizumab treatment in the one-way and threshold analyses. The response and adherence models 

had lower ICERs than the base model but still above $500,000. The ICER of the placebo effect model 

was $29,820.  

Conclusions: The improvement in QoL and exacerbation rates with reslizumab are associated with high 

costs, making reslizumab unlikely to be cost-effective at the $200,000 WTP threshold. 
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Introduction 

Asthma is a chronic respiratory disease that affects an estimated 8.4% of children and 7.6% of adults in 

the US [1]. Data from the 2006 to 2010 BRFSS Child and Adult Asthma Call-Back Survey show that 

50% of adults and 38.4% of children with asthma had uncontrolled asthma despite the fact that more than 

half of these individuals were already on long-term asthma control medications [2]. Furthermore, patients 

with uncontrolled asthma have a mean total annual cost more than double that of patients with controlled 

asthma [3].  

Since asthma is a heterogeneous disease, recent efforts to improve the management of asthma has in part 

been focused on targeted therapy against specific subtypes. For example, severe adult-onset asthma can 

be divided into neutrophilic and eosinophilic, or low T2 and high T2, inflammatory subtypes [4]. The 

eosinophilic subtype of severe asthma, characterized by increased eosinophil counts in the blood and 

airways, is thought to affect 5% of asthma patients [5]. It has been shown to correlate with clinical disease 

severity [6-9]. The total annual cost for patients with uncontrolled eosinophilic asthma is more than four 

times higher than that for patients with controlled non-eosinophilic asthma [3]. There is therefore an 

interest in developing treatments targeting eosinophilic asthma. 

Reslizumab is a humanized monoclonal antibody against interleukin-5 (IL-5) approved by the US Food 

and Drug Administration (FDA) in 2016 as an add-on therapy for eosinophilic asthma in adults. Aside 

from a relatively benign adverse event profile, clinical trials have demonstrated mild improvements in 

asthma control, quality of life (QoL) and exacerbation rates [5,10]. However, as a new biologic treatment, 

reslizumab is expensive and requires monthly visits to the clinic for intravenous infusions of the drug [11-

12].   
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The cost-effectiveness of reslizumab is therefore unclear in a heterogeneous group of severe asthma 

patients. In this study, we will attempt to estimate the incremental cost-effectiveness of add-on reslizumab 

therapy compared to the standard-of-care alone.  

Methods 

Our analysis followed the basic principles of cost-effectiveness analysis (CEA) of the U.S. Public Health 

Service as outlined by Gold et al. [13] and Neumann et al. [14] and used a Markov model that is similar to 

those of other studies that evaluated therapies for asthma [15-20]. We adopted a US societal perspective 

with a time horizon of five years and an annual discount rate of 3%. Patient characteristics of the base 

case model matched accordingly with the baseline patient characteristics of the NCT01287039 and 

NCT01285323 clinical trials, which served as the basis for most of the clinical input parameters of this 

model [5,10]. Specifically, the base case cohort had a mean age of 48 years, weighed 75 kg, was 37% 

male, and on GINA step 4-5 standard-of-care therapies for persistent, moderate-to-severe eosinophilic 

asthma. Patients had to have been on a stable therapeutic asthma regimen for at least 30 days for inclusion 

in the two clinical trials. Their usual standard-of-care therapeutic regimen included, but are not limited to, 

some combination of inhaled corticosteroids, long-acting β-agonists, short-acting β-agonists (SABA), oral 

corticosteroids, leukotriene modifiers, and cromolyn sodium [10]. Adherence to reslizumab was assumed 

to be perfect in the base case.  

Our Markov model, which was programmed entirely in Microsoft Excel®, has five health states: chronic 

baseline asthma, mild exacerbation, moderate exacerbation, severe exacerbation, and death (Figure 1). 

Consistent with the NCT01287039 and NCT01285323 clinical trials [5,10], severe exacerbations were 

defined as exacerbations that require hospitalization. Moderate exacerbations were exacerbations that 

require the initiation or increased use of systemic corticosteroids, while mild exacerbations were 

exacerbations that were neither severe nor moderate. 
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Every two weeks, patients in the chronic baseline health state can either transition to any of the other four 

health states or remain in the chronic state. Patients who are in any of the three exacerbation states can 

either recover to their chronic baseline state or die. Two-week transitions cycles were used to reflect an 

average exacerbation duration of 2 weeks, which is considered adequately long enough to capture most of 

the morbidities associated with asthma exacerbations [15-17]. By definition, exacerbations are acute 

events, and so patients are not allowed to remain in any one exacerbation state for more than one cycle. 

Furthermore, because exacerbations should be separated by more than one week in order for them to be 

considered as separate episodes, patients are not allowed to transition directly from one exacerbation state 

to another [15,21].  

The annual exacerbation rates were extracted from the aforementioned clinical trials. However, because 

the trials were neither large nor long enough to capture any deaths in the reslizumab intervention arm, all-

cause mortality by age and gender and asthma exacerbation-related mortality were modeled based on life-

expectancy tables from the Centers of Disease Control and Prevention (CDC) and published studies that 

used the Nationwide Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP), 

respectively [22-24]. These annual exacerbation and mortality rates (Supplementary Table S1) were then 

used to calculate the two-week transition probabilities using the DEALE method [25-26]. 
 

To determine the patient’s QoL for each health state, the Asthma Quality of Life Questionnaire (AQLQ) 

[27-28] scores from the clinical trials were first mapped onto the EQ-5D to estimate utilities for the 

chronic asthma health state [29]. Utilities for the acute exacerbation states were then calculated using 

utility decrements reported by Lloyd et al (Supplementary Table S1) [30]. Because Lloyd et al. only 

looked at changes in utilities for exacerbations that required oral corticosteroids and exacerbations that 

required hospitalization, which correspond respectively to the moderate and severe exacerbation states of 

our model, we imputed the utility decrement during mild exacerbations to be the midpoint between no 

change and the utility decrement during moderate exacerbations. The effects of adverse events and SABA 

use on QoL were already captured in the AQLQ scores that the clinical trials measured. Therefore, all 

Acc
ep

te
d 

M
an

us
cr

ipt



 A Cost-Effectiveness Analysis of Reslizumab  

adverse events that occurred in 5% or more of patients of either intervention arm, as well as the changes 

in short-acting β-agonist (SABA) use over time, were included in our model only as cost parameters 

rather than additional utility decrements.  

As stated previously, all of our clinical parameters were based on the NCT01287039 and NCT01285323 

clinical trials, as reported by Castro et al and the FDA [5,10]. The clinical trial information available to us 

in these two reports did not contain any information regarding how chronic systemic corticosteroid use 

changed with the addition of reslizumab to the treatment regimen. Therefore, we made the assumption 

that there was no change in chronic systemic corticosteroid use. We believe this is the most basic and 

unbiased assumption we can make without any additional information. Furthermore, given that the time 

horizon of our model is only 5 years, we do not believe the long-term effects of chronic systemic 

corticosteroid use would have a significant impact on the validity of our model.  

Direct costs, which included costs for reslizumab treatment and the management of the different health 

states and adverse events, were either calculated from the Federal Supply Schedule (FSS) drug pricing 

[31], the Centers for Medicare and Medicaid Services’ (CMS) [11,32] payment rates and fee schedules, or 

extracted from the most recent relevant studies on national healthcare costs (Supplementary Tables S2-

S4) [23,33-35]. Charges reported in the studies were converted to costs using HCUP’s cost-to-charge ratio 

(CCR) [36]. Physician fees for in-hospital service were estimated using the professional fee ratios (PFR) 

reported by Peterson et al. [37].  

Indirect costs, which include the infusion time [11], the post-infusion surveillance time [38-40], and the 

travel time to the clinic [41], were calculated using the national average employee compensation rate [42]. 

Direct costs were inflation adjusted to 2017 US dollars using the medical Consumer Price Index (CPI) 

[43].    
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We performed ± 20% one-way sensitivity analyses to first identify the parameters that have the strongest 

effect on the base model and then used threshold sensitivity analyses to determine the threshold value of 

these parameters that would result in a substantial change to the cost-effectiveness of reslizumab. We also 

conducted probabilistic sensitivity analyses (Supplementary Appendix and Tables S1-6) with 10,000 

iterations to check for robustness of overall model assumptions.  

We evaluated the effect of adherence in a separate scenario analysis because our base model used the 

intent-to-treat (ITT) clinical outcomes reported in the trials, but approximately 12% of patients in the 

clinical trials had discontinued treatment. We do not know how many asthma patients will discontinue 

with the monthly infusions in the real world, but we believe that adherence to reslizumab will not be 

perfect. Adherence to inhaled medications, measured by electronic monitoring devices, in patients with 

severe asthma was reported to be 50% [44].  With regards to infusion therapies, approximately 30% of 

patients were non-adherent to zoledronic infusions for osteoporosis [45-46], and approximately 20% and 

30% for vedolizumab and infliximab infusions, respectively, for inflammatory bowel disease [47]. In the 

real world, these non-adherent patients would be dropped from treatment, and so they would not incur any 

further costs related to reslizumab treatment. On the other hand, the adherent patients who continued with 

treatment in the real world would have better outcomes than the reported intent-to-treat outcomes of the 

clinical trial. This would imply that our base model may have undervalued the cost-effectiveness of 

reslizumab by overestimating the costs of non-adherent patients who dropped treatment and 

underestimating the treatment effect on patients who continued with treatment. We therefore attempted to 

adjust our model with a separate scenario analysis that took into consideration the effect of non-

adherence. Without information on when the patients withdrew from treatment in the clinical trials, we 

simply assumed in our adherence scenario analysis that the 12% of patients who discontinued did so after 

six treatments (equivalent to 24 weeks of treatment). We estimated the treatment-on-treated (TOT) 

exacerbation rates, AQLQ scores, adverse event rates, and SABA use and reran our model with these new 

TOT values. In this model, the patients who discontinued treatment had the same costs and TOT clinical 
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outcome values as adherent patients for the first 24 weeks, but these input values change to those of the 

placebo group for all transition cycles after 24 weeks. 

Similarly, patients who are not responding to treatment would probably discontinue at some point in the 

real world, especially given the time costs of reslizumab treatment and the requirement for payer pre-

authorization and authorization renewal. We therefore also conducted scenario analysis on treatment 

response. The two clinical trials used to inform our base model did not report a response rate. However, 

the FDA medical review for reslizumab [5] reported a response rate of 64% based on the proportion of 

patients who had a clinically meaningful improvement in their AQLQ scores from a separate 16-week 

reslizumab clinical trial. Assuming a 64% response rate, we built two separate response models where 

non-responders were dropped from treatment after 24 weeks (6 treatments). In one response model, we 

assumed that treatment response by AQLQ predicts treatment response by exacerbation rates; that is, if 

patients do not have a clinically meaningful improvement in their QoL, they will also not experience a 

reduction in their exacerbation rates. In this model, we assumed that the AQLQ scores, exacerbation rates, 

and SABA use for the non-responders are the same as the inputs of the placebo group, and then estimated 

a treated-on-treated clinical input values for the responders. In the second response model, we assumed 

that the non-responders who did not have a clinically meaningful improvement in their AQLQ scores had 

a similar improvement in their exacerbation rates as the responders. Therefore, in this model, non-

responders would have the same AQLQ scores as the patients in the placebo group, but their exacerbation 

rates while on treatment would be the same as that of responders and after treatment discontinuation, the 

same as that of placebo patients.      

As is common in asthma clinical trials, there was an improvement in QoL in the placebo group. By the 

end of the clinical trials, the AQLQ score in the placebo group had improved by 0.81 points. In contrast, 

the difference in improvement in AQLQ scores between the placebo and reslizumab groups was only 

0.23. Placebo patients also demonstrated a similar improvement in their lung function that mirrors this 

improvement in QoL. It is unclear what mechanism is driving this improvement in the placebo group. It 
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could either be the placebo effect of the monthly saline infusions or clinic visits, or it could be the 

Hawthorne effect with patients becoming more adherent with their other medications. Either way, there is 

a sustained improvement in which patients are feeling better and are either truly breathing better or just 

subconsciously trying harder during the lung function tests. Observer-expectancy bias would be less 

likely because it would not explain the lung function results unless the researchers are also altering lung 

function results. Since this is a cost-effectiveness analysis, we cannot determine the underlying 

mechanism driving these results. However, we thought it would be relevant to separately model the cost-

effectiveness of these monthly saline infusions. In this “placebo effect” model, we constructed a 

hypothetical standard-of-care (SOC) group, which had all the same clinical inputs as the placebo group in 

our base model, except that the AQLQ scores never changed from baseline. The saline infusion group, on 

the other hand, had the exact same clinical inputs as the placebo group of our base model, including 

AQLQ scores that did improve over time. The saline infusion group and the SOC group are assumed to be 

on the same baseline medications as the patients in the NCT01287039 and NCT01285323 clinical trials, 

as detailed previously. The saline infusion group however receives additional monthly saline infusion that 

the hypothetical SOC group does not receive. We thus added treatment and time costs for the monthly 

saline infusions to the saline infusion group of this model, but not to the hypothetical SOC group, and 

then calculated the incremental cost-effectiveness of the saline infusion group relative to the hypothetical 

SOC group.  

Results 

Base case results (Table 1) suggest a potential gain of 0.04 quality-adjusted life-years (QALYs) per 

patient per year on reslizumab therapy. These gains in QALYs were counterbalanced by an increase of 

$24,404 (2017 USD) in direct and indirect costs. The incremental cost-effectiveness ratio (ICER) per 

patient per year was therefore $697,403 per QALY gained. The ICERs from the probabilistic sensitivity 

analysis remained between $378,534 and $2,082,379 per QALY in 95% of the iterations (Figure 2). 
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Reslizumab only becomes cost-effective in 50% of the iterations at a willingness-to-pay (WTP) threshold 

of $689,000 (Figure 3). In the one-way analyses, the parameter that had the most significant impact on the 

ICER was the improvement in QoL with reslizumab treatment (Figure 4). Reducing the improvement in 

QoL with reslizumab treatment by 20% would make standard-of-care treatment more effective and less 

expensive than reslizumab treatment, and increasing the improvement in QoL with reslizumab treatment 

by 20% would drop the ICER to $154,352. Threshold sensitivity analysis suggest that reslizumab 

treatment would be cost-effective at the recommended societal $200,000 WTP threshold if the 

improvement in QoL with reslizumab treatment was 15% more than the base case value [48-49]. 

Reslizumab approaches cost-effectiveness if the direct cost of reslizumab treatment was decreased by 

70%.   

For the adherence model, the ICER at $683,742 was only minimally lower than the base case ICER. In 

contrast, the ICER for the response models showed a greater difference from the base case. The ICERs 

were $467,010 for the response model where non-responders had the same AQLQ and exacerbations rates 

as the placebo-treated patients and $469,060 for the response model where non-responders had the same 

AQLQ as the placebo-treated patients and same exacerbation rates when on treatment as the reslizumab-

treated patients. The ICER for the placebo effect model was $30,548 per QALY gained. In the 

probabilistic sensitivity analysis of the placebo effect model, the ICERs ranged from $19,494 to $75,485 

per QALY in 95% of the iterations.    

Discussion 

With a base case ICER of $697,403, reslizumab would not be cost-effective at a societal WTP threshold 

of $200,000, at least based on the inclusion criteria used in the key clinical trials. This finding appears to 

be robust to all parameter uncertainties as 95% of the iterations in the probabilistic sensitivity analyses 

remained above $200,000. Similarly, based on the one-way sensitivity analyses, unless the treatment 

effectiveness of reslizumab in terms of improving QoL was underestimated by 15% in the clinical trials or 
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if the direct treatment cost of reslizumab is lowered by 70%, reslizumab is unlikely to be cost-effective. 

Scenario analyses that take into account adherence and response further strengthen these findings.  

In contrast, as demonstrated by our placebo model, the ICER for monthly saline infusions was cost-

effective. It should be noted that the improvement in QoL experienced by the placebo groups in the 

NCT01287039 and NCT01285323 clinical trials [5,10] is not surprising. The placebo effect had also been 

observed in clinical trials of other asthma therapies, including the clinical trial for omalizumab [55] and 

the Asthma Intervention Research (AIR) 2 trial for bronchial thermoplasty [56]. In the AIR2 trial, 57% of 

the patients in the sham bronchial thermoplasty control group showed a clinically meaningful 

improvement in their AQLQ scores. The mean change in AQLQ scores from baseline was 1.16 at 12 

months. There are obviously various underlying factors that may contribute to the placebo effect observed 

in these clinical trials, and the precise underlying mechanism driving this placebo effect obviously cannot 

be determined by our economic CEA model; it is simply beyond the scope of this study. We are therefore 

not saying that saline infusions by themselves is a cost-effective therapy for refractory asthma. However, 

we believe that whatever mechanism that is driving the placebo effect in clinical trials of asthma therapies 

may warrant a closer look. For example, it is possible that patients in clinical trials may be more 

conscientious and motivated about following prescribed treatment regimens because they know their 

behavior is being closely monitored. If the improvement we are seeing in the NCT01287039 and 

NCT01285323 clinical trials was indeed due to improved disease monitoring because of increased contact 

between patients and their healthcare providers, then our scenario analysis would suggest that consistent, 

regular communication and clinical coordination between the patients and their providers might be a cost-

effective approach, regardless of medications used.   

It is also important to highlight that based on the one-way sensitivity analyses and the response models, 

the biggest value of reslizumab does not appear to be in its prevention of exacerbations, but rather in its 

effect on QoL. This finding would suggest that the patient’s QoL should be a valuable measure to monitor 
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over time when treating a patient with reslizumab and should be considered in future trials and analyses in 

severe asthma. 

Limitations 

Because reslizumab is a newer drug, this cost-effectiveness analysis was limited by the lack of data in the 

following two ways.    

Firstly, asthma is a chronic disease where most, if not all, adult patients will have asthma for the rest of 

their lives. Perhaps it would be ideal to model the effect of reslizumab over a longer period. However, the 

time horizon was limited to five years in our CEA because the NCT01287039 and NCT01285323 clinical 

trials were only 52 weeks long [5,10]. Any long-term effects of reslizumab, such as how it may alter the 

natural course of disease progression or systemic corticosteroid use, if it does so at all, are unknown. The 

uncertainties of input parameters would increase as we extrapolate the clinical trial and cost data further 

out, and our model would become increasingly imprecise and less valuable. Furthermore, given that there 

are constantly newer therapies being developed, reslizumab may eventually be replaced in by a more 

effective intervention. There then may not be a need to model reslizumab on a longer time horizon. We 

therefore settled on a time horizon of five years with the understanding that this model may not capture 

the full costs and benefits of a life-time of reslizumab therapy. 

We also did not compare the cost-effectiveness of reslizumab to mepolizumab and benralizumab, the 

other biologics targeting the IL-5 pathway currently available on the US market. To compare the cost-

effectiveness of these three drugs, we would need to compare both the costs and the clinical outcomes of 

the drugs. The direct and indirect costs can be readily calculated. However, the difference in clinical 

efficacy between the drugs is difficult to determine without a direct head-to-head clinical trial. The 

separate clinical trials of the drugs against the standard of care were different in terms of important 

baseline patient characteristics, such as the eosinophil level and asthma-related hospitalization history, 
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and perhaps most importantly, the way QoL is measured [5,10,50-54]. The reslizumab and benralizumab 

trials measured the AQLQ, while the mepolizumab trials used St. George’s Respiratory Questionnaire 

(SGRQ). The mapping of the AQLQ and SGRQ onto the EQ-5D would imprecise. However, as we 

showed in our sensitivity analyses, the most important clinical parameter of our model is the treatment 

effect on QoL. Therefore, it would be difficult to compare the results of these existing clinical trials with 

precision. Furthermore, the difference in clinical efficacy of the two drugs are expected to be small since 

both drugs showed only mild improvements in QoL and reductions in exacerbations rates relative to the 

standard of care. It would be therefore challenging to determine with an acceptable level of precision and 

reliability which drug is slightly better than the other in a clinically meaningful way without an actual 

head-to-head trial. We therefore did not compare reslizumab against mepolizumab and benralizumab, but 

we expect, given the similarities of the drugs, that the ICERs will be similar for our base case patient 

cohort.  

A CEA, conducted by Whittington et al [15], suggested an ICER of $386,000 (2014 USD) per QALY for 

mepolizumab. The ICER, when inflation-adjusted to 2017 US dollars, would be approximately $420,000. 

The Whittington et al CEA is different from our CEA model at least in part for the following reasons: it 

was conducted from a payer perspective for a lifetime horizon and used costs inputs from commercially 

available data sources. Because of these differences in the models, in addition to the aforementioned 

concerns regarding why it is difficult to compare mepolizumab and reslizumab without a direct head-to-

head clinical trial, a direct comparison of the ICERs cannot be made. It would be incorrect to conclude 

that mepolizumab is more cost-effective than reslizumab based on the difference between our ICER and 

the ICER reported by Whittington et al. However, based on the ICERs of our study and the Whittington et 

al study, both reslizumab and mepolizumab, at its recent price points, are unlikely to be cost-effective at 

the WTP threshold of $200,000.  

Many CEAs have also been conducted for omalizumab, an anti-immunoglobulin E (anti-IgE) biologic 

that has a similar indication as reslizumab. Sullivan et al. eloquently summarizes the findings of these 
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CEAs in their review of the cost-effectiveness of omalizumab [55]. For European countries, where drug 

prices and medical costs are in general much lower than US prices and costs, the ICERs from these 

various CEAs ranged from €26,694 to €56,091 (not inflation-adjusted) [55]. In contrast, for the US 

specifically, the base model ICERs ranged from $287,200 (2008 USD) when conducted from a payer 

perspective [16] to $821,000 per QALY (2005 USD) when conducted from a societal perspective [57]. 

While the ICERs reported for omalizumab cannot be compared to our ICER for reslizumab in a simple, 

straightforward manner, they do consistently suggest that the biologic drugs for the treatment poorly 

controlled asthma are very costly, and from the US perspective, are unlikely to be cost-effective.           

Conclusion  

According to our CEA, reslizumab as an add-on therapy in the treatment of eosinophilic asthma is 

unlikely to be cost-effective at a societal WTP threshold of $200,000. The biggest value of reslizumab 

appears to be in its ability to improve QoL. Although it would still be unlikely to be cost-effective at a 

WTP threshold of $200,000, identifying non-responders and discontinuing their treatment would likely 

improve the cost-effectiveness of reslizumab. The focus on precision medicine initiatives, such as 

NHLBI’s PreCISE program, which seek to improve the use of measured biomarkers and clinical 

variables, to better predict response to therapy need to be encouraged.  
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Table of Abbreviations 

Abbreviation Description 

QoL Quality-of-life 

CDC Centers for Disease Control and Prevention 

VA US Department of Veterans Affairs 

CMS Centers for Medicare and Medicaid Services 

PSA Probabilistic sensitivity analyses 

ICER Incremental cost-effectiveness ratio 

USD US Dollars 

QALY Quality-adjusted life-years 

WTP Willingness-to-pay 

IL-5 Interleukin-5 

FDA US Food and Drug Administration 

CEA Cost-effectiveness analysis 

NIS Nationwide Inpatient Sample 

HCUP Healthcare Cost and Utilization Project 

AQLQ Asthma Quality of Life Questionnaire 

EQ-5D Euro-QoL 5 dimensions 

SABA Short-acting beta-agonists 

FSS Federal supply schedule 

PFR Professional fee ratios 

CCR Cost-to-charge ratio 

CPI Consumer price index 

ITT Intent-to-treat 

TOT Treatment-on-treated 

SOC Standard-of-care 
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AIR Asthma Intervention Research 
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Table 1. Base Case Results of Reslizumab Relative Standard of Care 

Incremental QALY per patient per year 0.035 

Incremental total discounted costs per patient per year  $24,404 

ICER $697,403 

NMB at WTP threshold of $200,000 -$17,409 

 

Abbreviations: QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio; NMB, net 

monetary benefit 
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Appendix 

 

Probabilistic Sensitivity Analyses 

The distributions for the probabilistic sensitivity analysis (PSA) were selected according to recommendations 

outlined by Briggs et al,
1
 and the ranges of the distributions used are listed in Tables S1-3. 

 

For the utility decrements during exacerbations, the magnitude of the utility decrements should increase with the 

severity of the asthma exacerbation. For example, utility decrements during a severe asthma exacerbation cannot be 

less than the utility decrements during a moderate or mild asthma exacerbation. We therefore used incremental 

utility decrement ratios in our PSA rather than simple utility decrements. To calculate these incremental utility 

decrement ratios, we first calculated incremental utility decrements from the utility decrements (Table S5) and the 

incremental utility decrement ratios (Table S6). 

 

We further assumed that the standard error (SE) for each of the incremental utility decrement ratio is equal to 
(1−𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑑𝑒𝑐𝑟𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑖𝑜)

2
 . A probabilistic incremental utility decrement ratio is generated from a beta 

distribution for each iteration of the simulation. The probabilistic incremental utility decrement ratios are then 

converted back into incremental utility decrements.  

 

 

Appendix Table S1. Clinical Outcome Parameters 

Parameters Values Distribution Reference 

Placebo Reslizumab 

annual mild exacerbation rate (SE)
 

0.297 (0.018) 0.01 (0.165) log-normal Castro et al
3
; FDA

4
 

annual moderate exacerbation rate (SE)
 

1.631 (0.02) 0.69 (0.178) log-normal Castro et al
3
; FDA

4
 

annual rate of ED visits (SE)
 

0.111 (0.003) 0.2 (0.042) log-normal FDA
4
 

annual severe exacerbation rate (SE)
 

0.018 (0.001) 0.01 (0.018) log-normal Castro et al
3
; FDA

4
 

baseline utility of chronic asthma state 

(AQLQ) (SE)
 

4.26 (0.07) 4.26 (0.07) deterministic Castro et al
3
; FDA

4
 

between-group difference in the change in 

AQLQ, week 16 (SE)
 

0.23 (0.004) 0.23 (0.004) normal Castro et al
3
; FDA

4
 

between-group difference in the change in 

AQLQ, week 52 (SE)
 

0.81 (0.007) 1.08 (0.007) normal Castro et al
3
; FDA

4
 

conversion of AQLQ to EQ-5D:  

EQ-5D = 0.14 + 0.12*AQLQ 

MSE = 0.053 MSE = 0.053 beta Tsuchiya et al
5
 

utility decrement of a mild exacerbation 

(EQ-5D)
a,b 

0.05 0.05 beta Lloyd et al
6
 

utility decrement of a moderate exacerbation 

(EQ-5D)
b 

0.1 0.1 beta Lloyd et al
6
 

utility decrement of a severe exacerbation 

(EQ-5D)
b 

0.2 0.2 beta Lloyd et al
6
 

No. (%) with upper respiratory tract 

infection
c
  

48 (10) 47 (10) deterministic Castro et al
3
; FDA

4
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No. (%) with nasopharyngitis
c
  89 (19) 73 (15) deterministic Castro et al

3
; FDA

4
 

No. (%) with sinusitis
c
  39 (8) 30 (6) deterministic Castro et al

3
; FDA

4
 

No. (%) with headache
c
  47 (10) 52 (11) deterministic Castro et al

3
; FDA

4
 

No. (%) with influenza
c
  30 (6) 24 (5) deterministic Castro et al

3
; FDA

4
 

No. (%) with bronchitis
c
  38 (8) 15 (3) deterministic Castro et al

3
; FDA

4
 

No. (%) with back pain
c
  21 (4) 25 (5) deterministic Castro et al

3
; FDA

4
 

in-hospital mortality rate from an asthma 

exacerbation (SE)
 

0.01 (0) 0.01 (0) log-normal Kaur et al
7
 

proportion of patients seeking care from PCP 

for mild exacerbation (SE)
 

0.5 (0.503) 0.5 (0.503) beta assumption
d
 

proportion of patients requiring intubation 

for severe exacerbation (SE)
 

0.07 (0) 0.07 (0) beta Kaur et al
7
 

 

Abbreviations: SE, standard error; AQLQ, Asthma Quality of Life Questionnaire; EQ-5D, EuroQoL-5 dimensions; 

PCP, primary care provider 

List of clinical outcome parameters, their mean values and standard errors. Standard errors were either extracted 

directly from the cited references or estimated from other statistics reported in the cited references. 
a
The utility 

decrement for mild exacerbations was not reported in the Lloyd et al study. We assumed the utility decrement during 

a mild exacerbation was midway between no decrement and the decrement during a moderate exacerbation. 
b
The 

listed utility decrement values were used in the base case model. However, to ensure that the utility decrements in 

the probabilistic sensitivity analyses were realistic (i.e. decrement for severe > moderate > mild exacerbations), we 

converted the utility decrements into incremental utility decrement ratios. 
c
There was a total of 475 patients in the 

placebo groups and 477 patients in the reslizumab groups of the clinical trials. 
d
There are no studies that report the 

proportion of patients who self-treat a mild exacerbation rather than seek care from their PCP. We therefore 

assumed that out of 100 patients, half of the patients will self-treatment, and half will go to their PCP.  
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Appendix Table S2. Costs of Managing Asthma Health States 

  HCPCS Values (SE) Distribution References 

reslizumab drug and 

administration cost, 75 kg 

patient 

C9481 $2000 per cycle deterministic CMS
8
; VA FSS

9
 

chronic asthma n/a
a 

$92 per cycle deterministic Zeiger et al
10

  

mild exacerbation 99214, 

94010 

$110  deterministic CMS
8
; VA FSS

9
 

moderate exacerbation, 

outpatient 

99215, 

94010, 

94640 

$202
 

deterministic
 

CMS
8
; VA FSS

9
 

moderate exacerbation, ED n/a
a 

$2160 (0.928)
 

gamma Wang et al
11

; Peterson et al
12

 

severe exacerbation
c 

n/a
a 

$6,688  Base case model
c 

Kaur et al
7
; Peterson et al

12
 

severe exacerbation, no 

intubation
c 

n/a
a 

$5,489
b,d

  gamma
 

Kaur et al
7
; Peterson et al

12
 

severe exacerbation, 

intubation
c 

n/a
a 

$21,556
b,d

  gamma
 

Kaur et al
7
; Peterson et al

12
 

SABA  n/a
a 

$0.14 per puff deterministic VA FSS
9
 

 

Abbreviations: HCPCS, Healthcare Common Procedure Coding System; SE, standard error; CMS, Centers for 

Medicare and Medicaid Services; VA FSS, VA Federal Supply Schedule; SABA, short-acting β-agonist  

 

Cost of managing the different health states. 
a
No HCPCS codes were used because costs were extracted from 

literature. 
b
Values listed here are as reported by the reference studies. These values were further adjusted using the 

cost-to-charge (CCR) ratio, professional fee ratio (PFR), where appropriate, and inflated to 2017 USD before input 

into the model. 
c
The base case model used the average cost of hospitalization for a severe asthma exacerbation for 

all patients. In the probabilistic sensitivity analysis, the costs for managing a severe asthma exacerbation were 

further itemized by intubation status. 
d
SE were not reported in the study, and so we assumed that SE was equal to the 

mean. 
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Appendix Table S3. Costs of Managing Adverse Events 

 Values  Distribution References 

upper respiratory tract infection
a 

$0.43 deterministic VA FSS
9
 

nasopharyngitis
a 

$0.43 deterministic VA FSS
9
 

sinusitis
a 

$0.43 deterministic VA FSS
9
 

headache
a 

$0.43 deterministic VA FSS
9
 

influenza
b 

$141.12 deterministic VA FSS
9
 

bronchitis
a 

$0.43 deterministic VA FSS
9
 

back pain
a 

$0.43 deterministic VA FSS
9
 

anaphylaxis
 

$3,143
c 

deterministic Banerji et al
13

; Peterson et al
12

 

 

 

Abbreviations: VA FSS, VA Federal Supply Schedule  

 

Costs of managing adverse events. 
a
There are many different ways to treat these mild adverse events. In our model, 

we assumed these adverse events were treated with 10 days of ibuprofen, 800 mg/day. 
b
We assumed all cases of 

influenza were treated with oseltamivir.
 c
Values listed here are as reported by the reference studies. These values 

were further adjusted using the cost-to-charge (CCR) ratio, professional fee ratio (PFR), where appropriate, and 

inflated to 2017 USD before input into the model. 
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Appendix Table S4. Indirect Costs 

  Values (SE) Distribution References 

Infusion 35 minutes uniform from 20-50 minutes FDA
14

 

post-infusion 

observation 

30 minutes
a
  deterministic Cox et al

15
; Lieberman et al

16
; 

Lieberman et al
17

; 

Commute 37 minutes (0.75) gamma Ray et al
18

 

 

Abbreviations: FDA, Food and Drug Administration 

  

Indirect costs of reslizumab infusions. 
a
The first 3 infusions had post-infusion observation times of 120 minutes.     

 

Appendix Table S5. Calculation of the Incremental Utility Decrements  

 

 Utility Decrement (relative 

baseline) 

Formula 

 

Incremental Utility 

Decrement 

Mild exacerbation  Mild = 0.05
 

0.05 0.05 

Moderate exacerbation Moderate = 0.10
 

Moderate – Mild 0.05 

Severe exacerbation  Severe = 0.20
 

Severe – Mod 0.10 

 

Appendix Table S6. Calculation of the Incremental Utility Decrement Ratios 

 

  

 

Incremental Utility 

Decrement 

Formula Incremental Utility 

Decrement Ratio 

Mild 

exacerbation 

Mild = 0.05 (baseline utility – mild) / baseline utility 0.92 

Moderate 

exacerbation  

Moderate = 0.10 

 

(mild - moderate) / mild 0.92 

Severe 

exacerbation  

Severe = 0.10 (moderate – severe) / mod 0.82 
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