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ORIGINAL ARTICLE

Cost-effectiveness of omalizumab for the treatment of moderate-to-severe
uncontrolled allergic asthma in the United States

Patrick W. Sullivana, Qianyi Lib, S. Pinar Bilirb, Joseph Dangc, Abhishek Kavatid, Ming Yangc and Yamina Rajputc

aRegis University School of Pharmacy, Denver, CO, USA; bIQVIA, San Francisco, CA, USA; cGenentech, Inc., South San Francisco, CA, USA;
dNovartis Pharmaceuticals Corporation, East Hanover, NJ, USA

ABSTRACT
Objective: Uncontrolled asthma is associated with considerable clinical burden and costs to payers
and patients. US economic models evaluating biologics using data from clinical trials demonstrate
high incremental cost-effectiveness ratios (ICERs), but the cost-effectiveness based on real-world treat-
ment patterns is unknown. This analysis used real-world evidence to assess the cost-effectiveness of
adding omalizumab to standard of care (SOC).
Methods: A Markov model was applied to track patients’ health states in 2-week cycles, comparing
costs and treatment effects of SOC alone versus SOCþ omalizumab over a lifetime (US payer perspec-
tive). Outcomes included exacerbation events, life years, quality-adjusted life years (QALYs), total costs,
and an ICER. Patient characteristics, exacerbations, patient-reported outcomes, and work productivity
were derived from the real-world PROSPERO (Prospective Study to Evaluate Predictors of Clinical
Effectiveness in Response to Omalizumab) study. Published literature informed mortality, exacerbation-
related disutility, and unit costs. Sensitivity analyses assessed model robustness.
Results: Over a lifetime horizon, omalizumab was associated with an increase of 2.0 QALYs at a cost
of $US 148,319 in patients with uncontrolled asthma (ICER of $75,319/QALY gained) and a reduction
in exacerbations of 6.0 events/patient. Accounting for responder status improved the ICER ($70,505/
QALY); incorporating indirect costs further reduced the ICER. One-way and multivariate sensitivity anal-
yses confirmed that the base case outcome was robust to variation in inputs.
Conclusions: Based on real-world outcomes, omalizumab may be cost-effective for uncontrolled
asthma from the US payer perspective. Including broader evidence on treatment discontinuation, care-
giver burden, and oral corticosteroid reduction from real-world studies may better reflect the effects
and value of omalizumab for all healthcare stakeholders.
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Introduction

Asthma affects 20.4 million (8.3%) adults aged 18 years and
older, and 6.1 million (8.3%) children under 18 years of age
in the United States (US)1, with a mortality rate of 1.1 deaths
per 100,000 persons2. Asthma is associated with more than
300,000 hospital discharges a year and considerable national
annual healthcare resource use (HRU): 11.0 million physician
office visits, 1.7 million emergency room (ER) visits, and
1.3 million hospital outpatient department visits3.

Because asthma is a chronic condition, the goal of man-
agement is to minimize the frequency and intensity of symp-
toms and functional limitations4. Among current asthma
management, inhaled corticosteroids (ICS), alone or in com-
bination with long-acting bronchodilators, are heavily relied
on. However, symptom minimization can fail for patients des-
pite treatment with ICS and long-acting bronchodilators,
leading to uncontrolled asthma: poor symptom control

(Asthma Control Questionnaire >1.5, Asthma Control Test
<20), airflow limitation with FEV1< 80% predicted, frequent
exacerbations (�2 bursts of oral steroid therapy lasting at
least 4 days in the past year), or �1 severe exacerbation that
leads to hospitalization or intensive care unit stay in the past
year5. Uncontrolled asthma contributes significantly to
increased HRU and healthcare costs. It is estimated that
38.4% of children and 50.0% of adults suffered from uncon-
trolled asthma in 2006–20106,7. For these patients, guidelines
recommend considering add-on biologic therapies4. Clinical
trials have demonstrated reduced asthma exacerbations and
patient-reported outcomes when biologics are added to
standard of care (SOC) for the treatment of uncon-
trolled asthma8–16.

The cost-effectiveness of asthma biologics has been
assessed in previously published economic models17–20. The
modeling frameworks are generally similar in these analyses,
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and outcomes consistently show that the incremental cost-
effectiveness ratios (ICERs) of asthma biologics are above typ-
ically acceptable willingness-to-pay (WTP) thresholds of
$100,000–$150,00021–23. Most current US models rely on esti-
mates from controlled clinical efficacy trials in patients with
severe asthma. Little is known about the cost-effectiveness
of asthma biologics in treating moderate-to-severe uncon-
trolled asthma based on usage patterns and treatment
effects in the real world.

Omalizumab (XOLAIR; Genentech, Inc., South San
Francisco, CA, USA and Novartis Pharmaceuticals
Corporation, Basel, Switzerland) is a humanized monoclonal
antibody that specifically binds to free human immunoglobu-
lin E (IgE) to affect the inflammatory process in moderate-to-
severe allergic asthma. Omalizumab was approved in 2003 in
the US as the first biologic therapy for asthma and has since
accrued clinical and real-world evidence on its effects on
symptom control, exacerbations, HRU, and patient-reported
outcomes. The Prospective Study to Evaluate Predictors of
Clinical Effectiveness in Response to Omalizumab
(PROSPERO) is a 48-week, US-based, single-arm prospective
observational study designed to improve understanding of
the safety and efficacy of omalizumab in a real-world setting.
PROSPERO enrolled 806 patients with allergic asthma, aged
12 years or older, of whom 77.2% completed the study.
Treatment was based on physician assessment and discre-
tion, with no strict inclusion or exclusion criteria, offering
the opportunity to assess treatment practices in the real
world and include patients who may not have qualified for
placebo-controlled trials. Exacerbation rates improved signifi-
cantly in omalizumab recipients when comparing the
12months prior to baseline against the 12months after oma-
lizumab initiation. There was an 81.9% reduction in the per-
centage of patients with at least one hospitalization24.
Similar endpoints were also assessed for patients who
responded to omalizumab, defined by clinical improvement
in exacerbations, lung function, or Asthma Control Test.

This analysis used real-world evidence from the
PROSPERO study to assess the clinical and cost outcomes of
adding omalizumab to SOC when managing patients with
moderate-to-severe uncontrolled allergic asthma over a life-
time. Scenario analyses also explored the value of use within
responders as well as the effect of including indirect costs.

Methods

The analysis applied a Markov structure programmed in
Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA,
USA). A hypothetical patient cohort (defined by the baseline
patient cohort characteristics of the PROSPERO study) with
moderate-to-severe uncontrolled asthma was tracked over a
lifetime to estimate clinical and cost outcomes from a US
payer perspective, comparing SOC with omalizumab added
to SOC (Omaþ SOC). Omalizumab treatment was provided
for 5 years in this analysis, on the basis of evidence that the
benefit of omalizumab extends over this time frame25,26.
Outcomes included asthma exacerbations/HRU, overall sur-
vival, quality-adjusted life years (QALYs), treatment and

disease management costs, indirect costs, and comparative
cost-effectiveness between the two treatment strategies.

The International Society for Pharmacoeconomics and
Outcomes Research, Good Practices for Outcomes Research
as well as the Consolidated Health Economic Evaluation
Reporting Standards, were followed for model development
and reporting27,28. Outcomes and costs were discounted at
an annual rate of 3% according to modeling guidelines29. All
costs were expressed in 2018US dollars.

Analytic structure

The model tracked a hypothetical patient cohort by 2-week
cycles over a lifetime horizon. Patients cycled through three
health states: chronic asthma with daily symptoms, asthma
exacerbations, and death (Figure 1). Asthma exacerbations
were further differentiated by severity, defined by the use of
health care resources to manage the worsening of asthma
symptoms: steroid bursts, ER visits, or hospitalizations. Death
was considered an absorbing state, including both asthma-
specific death and death from other causes. In alignment
with previous models17,20, it is assumed that there is at most
1 exacerbation per modeling cycle (2weeks), given the min-
imum duration (at least 7 days) for an exacerbation event to
be considered new30. Time spent in each health state is asso-
ciated with specific HRU, costs, and health-related quality of
life (HRQoL). The impact of exacerbations on patient HRQoL
is captured by a decrease in the utility value (disutility) for
the non-exacerbation state31.

Population

The patient cohort for this model reflected baseline patient
characteristics from the PROSPERO study24. The model pro-
jected the results when this cohort was treated with SOC
alone versus when the same cohort was treated with
Omaþ SOC. The average age was 47.3 years, and 63.5% of
the patients were female32.

Because PROSPERO is a single-arm study, assumptions
had to be made about the comparator arm in the model
(SOC). Most (772 of 806) patients enrolled in PROSPERO were
classified by a physician as having moderate-to-severe

Chronic asthma

Oral steroid
burst exacerbation

Death from
other causes

Asthma-related
death

Emergency room 
exacerbation

Hospitalized 
exacerbation

Figure 1. Markov state transition.
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allergic asthma. Hence, the PROSPERO population prior to
initiation of omalizumab was assumed to reflect a real-world
SOC cohort. For the management of moderate-to-severe
uncontrolled asthma, SOC is typically defined as an ICS in
combination with a long-acting beta-agonist (LABA) with or
without an additional controller therapy33,34. Prior to omali-
zumab initiation, the patients in the PROSPERO study were
consistent with this definition of SOC: 82.4% of patients
reported receiving an ICS in combination with a LABA, 64.4%
had received a leukotriene receptor modifier, and 34.2% had
received ICS alone32. Although 46.4% of patients reported
the use of oral corticosteroids (OCS) at baseline, the data
capture methodology in PROSPERO was unable to determine
whether OCS was used for a recent asthma exacerbation or
as a maintenance medication.

Clinical inputs

The base case did not distinguish clinical effects for omalizu-
mab responders and non-responders.

Exacerbations and HRU
Asthma exacerbations were defined by the HRU required to
manage the exacerbation on the basis of actual use in
PROSPERO35 and in alignment with previously published
asthma models17,20. These include exacerbations that require
(1) oral steroid burst only, (2) a visit to the ER without hospi-
talization, or (3) a hospital admission (Table 1). PROSPERO
did not explicitly capture the rate of exacerbations requiring
a steroid burst, so unscheduled physician visits (with no ER
visit or hospitalization) were used to approximate the rate of

this milder form of exacerbation. The HRU over the 12-month
study period of PROSPERO was used to inform the omalizu-
mab arm of the model.

Patient-reported HRU prior to omalizumab initiation
informed the SOC arm in the model. In PROSPERO, HRU his-
tory was based on patient recall of events in the 90 days
prior to baseline. This was considered as a close proxy
because the exacerbation rate in the 90 days prior to base-
line was similar to the exacerbation rate 12months prior to
baseline, with a mean of 1.0 (standard deviation [SD] 1.42) in
the prior 90 days, compared with 3.0 (SD 3.28) in the prior
12months. In PROSPERO, the exacerbation rate in the year
prior is higher than reported in clinical trials of omalizumab,
range of mean values of 1.9–2.636. However, entry into
PROSPERO was based on physician assessment of need with
minimal inclusion criteria, so it is assumed that the HRU his-
tory of patients enrolled reflects the real-world HRU of
patients on SOC who would initiate add-on omalizumab
therapy. Crude rate ratios (RRs) between baseline rates and
those over the 12-month study period (a “month” was
defined as 4weeks) informed HRU associated with omalizu-
mab treatment.

Mortality
Both asthma-specific mortality and mortality from other
causes were included. It was assumed that chronic asthma
without exacerbations is not associated with excess mortality
over that of the general population. As appropriate US data
for the probability of death due to different types of exacer-
bations are lacking, such probabilities were derived from
ex-US studies in alignment with prior health technology

Table 1. Clinical inputs.

SOC Omaþ SOC Oma respondersa þ SOC Source

Exacerbations
Annual rate (or rate ratio) of exacerbations requiring
Unscheduled physician visit 2.435 RR 0.160 RR 0.136 National Asthma Education and

Prevention Program34

Emergency room visit 1.218 RR 0.115 RR 0.099 National Asthma Education and
Prevention Program34

Hospitalization 0.406 RR 0.148 RR 0.099 National Asthma Education and
Prevention Program34

Mortality
Probability of death given an exacerbation requiring
Unscheduled physician visit 0.000 Assumption
Emergency room visit 0.018 Bacharier et al.36

Hospitalization 0.025 De Vries et al.39

Quality of life
Utility value for chronic asthma 0.613 0.826 0.876 National Asthma Education and Prevention

Program34 and Arias et al.41

Disutility of an exacerbation requiring
Unscheduled physician visit 0.10 Reddel et al.30

Emergency room visit 0.15 Reddel et al.30

Hospitalization 0.20 Reddel et al.30

Work productivity
Percentage of working patients 48.4 National Asthma Education and

Prevention Program34

Hours missed from work per week 3.09 1.46 0.82 National Asthma Education and
Prevention Program34

Percentage of compromised work productivity 31.2 15.3 11.2 National Asthma Education and
Prevention Program34

Abbreviations. Oma, Omalizumab; RR, Ratio ratio; SOC, Standard of care.
aResponders are defined as patients achieving an “excellent” (complete asthma control) or “good” (marked improvement) response by physician’s assessment
using the Global Evaluation of Treatment Effectiveness questionnaire.
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assessments of asthma biologics, which reported excess mor-
tality for all three types of exacerbation37,38. However, exac-
erbations that required only a steroid burst or a physician
office visit were assumed to be associated with no excess
mortality over that of the general population. This assump-
tion was made because the US-specific total asthma exacer-
bation-related death rate (not severity specific) indicated
potentially lower death rates than ex-US data when deaths
due to exacerbations of all severity levels are included39.
Exacerbations requiring an ER visit or a hospital admission
do increase the probability of death to different extents, on
the basis of published literature (Table 1)37,40. Deaths from
other causes were sourced from the US age- and gender-
specific vital statistics published by the US Centers for
Disease Control and Prevention41. Given that asthma is a
chronic condition that is not a major cause of deaths in the
overall population, vital statistics were not adjusted for
asthma-specific mortality.

HRQoL
Health utility values were ascertained for each health state.
The PROSPERO study collected patients’ responses (recall of
the previous 2 weeks) to the 32 questions (7-point scale for
each question) in the Asthma Quality of Life Questionnaire
(AQLQ) at baseline and at the end of the study or early ter-
mination35. The overall AQLQ score was calculated as the
mean of all 32 responses. Population median overall AQLQ
scores of the relevant patient groups were used to avoid the
tail effect that might be introduced when using mean scores.
Scores for patients not experiencing exacerbations (ie, non-
exacerbation-related QoL) were used to derive utility values
for chronic asthma with daily symptoms but without exacer-
bations using the mapping algorithm published specifically
for conversion from AQLQ to EuroQol-5 Dimension (EQ-5D)
scores42. The mapped utility value for the baseline
PROSPERO population prior to treatment with omalizumab
was 0.613, which was improved to 0.826 after treatment with
omalizumab at study end (or early termination). These values
were assumed to reflect the utility of the non-exacerbation
state for the SOC and the Omaþ SOC arms, respectively
(Table 1). The utility decrements due to exacerbation events
were based on previous publications because the PROSPERO
study did not collect data at an interval appropriate for cap-
turing changes in AQLQ scores during an exacerbation
event31. Table 1 shows base case utility values for chronic
asthma and utility decrements due to exacerbations.

Cost inputs

The base case included only direct medical costs. The impact
of indirect costs was examined in a scenario analysis.

Disease monitoring
Routine monitoring for all patients, regardless of asthma
treatment (SOC or Omaþ SOC), was assumed to include an
office visit every 3months (4 times annually) on the basis of

previously published models17 (Current Procedural
Terminology [CPT] code 99211).

Drug acquisition and administration
Omalizumab is used as an add-on to SOC therapy. Therefore,
the same annual SOC pharmacotherapy costs were assigned
to both model arms17,43. Previous publications suggest that
omalizumab treatment is associated with reductions in OCS
use44–47. However, this effect was not incorporated into the
model due to the lack of direct data from the PROSPERO
population. Omalizumab drug cost (wholesale acquisition
cost) was sourced from the PriceRx database48. The average
omalizumab dose per patient per month of 450mg reflected
the PROSPERO study24 and corresponds to three 150mg vials
per month or 36 vials annually. The split between biweekly
injections and injections every 4 weeks was 50.9% versus
49.1% in PROSPERO24. Thus, the addition of omalizumab in
the model required 17 subcutaneous injections (CPT code
96372 according to omalizumab coding guidance49) annually
and 13 additional office visits for drug administration after
accounting for four routine visits. Non-facility fees were
obtained from the Centers for Medicare and Medicaid
Services Physician Fee Schedule50.

Overall safety results for PROSPERO are available in Casale
et al.24 but, due to their low frequency, adverse events were
not considered to significantly impact the cost-effective-
ness outcomes.

Treatment discontinuation
Although effectiveness data are often based on the intent-
to-treat population, which accounts for patients discontinu-
ing their treatments, the impact on treatment costs is usually
not fully reflected in models based on controlled clinical tri-
als. The PROSPERO study offers an opportunity to align costs
and effects on the basis of real-world experience. At the
mean time point of treatment drop-off assessment in the
PROSPERO study (the last patient visit extended beyond
week 48 for some patients, resulting in a slightly longer time
frame of 49weeks), 22.6% of Omaþ SOC patients discontin-
ued treatment24. In the model analysis, 49weeks was set as
the only treatment discontinuation assessment point, after
which 22.6% of Omaþ SOC patients discontinued treatment
and incurred no treatment cost onward. The proportion of
patients discontinuing SOC was assumed to be the same as
that with Omaþ SOC owing to a lack of discontinuation data
for this population prior to study enrolment.

Exacerbation management
Costs per exacerbation event, differentiated by type of
exacerbation, were obtained from an analysis performed
using MarketScan (Truven Health, Ann Arbor, MI, USA) data
and cited in prior modeling work17,51.

Cost inputs (Table 2) were obtained from 2018 fee sched-
ules, where available, or were inflated to 2018US dollars
using the medical care Consumer Price Index when reported
in older currency values52.
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Scenario and sensitivity analyses

Three scenarios were run with alternate inputs to test
the impact of including the average annual net cost of
omalizumab, indirect cost considerations, and a
responder assessment.

Omalizumab average annual net cost
In one scenario, the annual net cost for omalizumab ($28,895
per year) was used, which represents the average annual net
cost of treatment for adults with allergic asthma only (as of
July 2018), assuming three 150mg vials per month. Net cost
assumption was an average cost reflecting all price conces-
sions given to customers, inclusive of all statutory discounts
and rebates. This calculation is an estimate for the purposes
of financial modeling. Cost of treatment per patient varied
because dosing depends on age, weight, and IgE level, and
pricing differed by provider and payer (commercial insurance
or government programme). Net cost more closely reflects
the cost of omalizumab to US payers. Using the net cost
informs the value-based price benchmarks and offers a more
representative picture of the costs to US payers.

Work productivity and indirect costs
A separate scenario looked at the influence of omalizumab
on work absenteeism and productivity beyond the payer per-
spective. Model inputs reflected data from the PROSPERO
study35, which reported the proportion of patients employed,
hours missed from work and when working, and the percent-
age compromised productivity (Table 1). The typical total
work week was assumed to be 40 hours. Any hours fully
missed were subtracted from total weekly work hours;
remaining hours were adjusted by a percentage compro-
mised productivity to determine total productivity.

The mean hourly wage of all occupations in the National
Occupational Employment and Wage Estimates was applied
to estimate lost wages associated with missed work hours
and compromised productivity53.

Responder analysis
On the basis of the evidence that differential therapeutic
response is associated with differential clinical effects, a scen-
ario analysis was conducted that incorporated subsequent
treatment patterns and outcomes according to responder

assessment at 49weeks. This time frame was the mean time
to physician assessment of response status using the Global
Evaluation of Treatment Effectiveness (GETE) questionnaire in
the PROSPERO study (as mentioned earlier, this time frame
was because the last patient visit extended beyond week 48
for some patients)35. Although response status was reported
by several criteria in PROSPERO, GETE response status was
used for consistency with response assessments in omalizu-
mab clinical studies and previous cost-effectiveness mod-
els13,54. GETE defines responders as patients achieving an
“excellent” (complete asthma control) or “good” (marked
improvement) response. In this model, after the response
assessment time point (49weeks), patients who had
responded to Omaþ SOC continued receiving the treatment
until the prespecified maximum treatment duration of
5 years, with treatment effects that differed from those in the
initial total population regarding exacerbations and AQLQ
scores. By contrast, patients who had not shown a response
ceased treatment and reverted to the exacerbation rates and
QoL associated with SOC.

The model used the response status by physician assess-
ment GETE questionnaire at the end of the study or early ter-
mination in PROSPERO, which indicated a response rate of
76.3% at an average of 49weeks of follow-up35. HRU and
AQLQ scores for the omalizumab responders during the
PROSPERO study showed greater improvement in exacerba-
tion and health utility compared with the total population
treated with omalizumab35. Treatment discontinuation was
not reported specifically for responders, and so was assumed
to be the same as that in the omalizumab total population.

Response status at 16weeks has been used as a predictive
tool to assess clinical response to omalizumab54, and a previ-
ous economic analysis of omalizumab has explored a scen-
ario where response status was assessed at this time point17.
To test the results with this earlier assessment of response
status for the PROSPERO population, an additional scenario
was run with assessment of response status at 16weeks
using the same responder data in the base case.

Sensitivity analyses
A one-way sensitivity analysis (OWSA) and a probabilistic
sensitivity analysis (PSA) were performed to assess the
robustness of the model results to uncertainty and variation
in input parameters. The OWSA varied the input parameters
by 20% of the base case value, one parameter at a time.
Results of the OWSA are shown with the tornado diagram,
where parameters are ranked by the magnitude of influence
on the outcome.

Unlike the OWSA, which examines the uncertainty in
inputs and tests one input at a time, the multivariate PSA
constructs combinations of input parameters by drawing val-
ues from parametric distributions for input variables and run-
ning the model multiple times (“simulations”). For example,
the mean age of the PROSPERO cohort was 47.3 years (SD
17.4). As a result, this input parameter was varied within its
95% confidence interval (95% CI 46.1–48.5) (Supplementary
Table 1). When the 95% CI could not be obtained directly or
calculated from the source document, the range from the

Table 2. Cost inputs.

Value (in 2018 US$) Source

Annual pharmacotherapy cost
Standard of care 3,200 Tsuchiya et al.42

Omalizumab acquisition 39,048 Genentech, Inc.
Drug administration and monitoring cost
Office visit (CPT 99211) 22 Braunstahl et al.45

Injection (CPT 96372) 21 Braunstahl et al.45

Cost per exacerbation event requiring
Unscheduled physician visit 159 Molimard et al.46

Emergency room visit 728 Molimard et al.46

Hospitalization 12,124 Molimard et al.46

Mean hourly wage 25 Medi-Span Price
Rx Database48

Abbreviation. CPT, Current Procedural Terminology.
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OWSA (±20% of the base case value) was used as proxy,
given that it was usually wider than the actual 95% CI and
thus sufficiently captured the possible variation. One thou-
sand simulations were run to obtain a distribution of results.
A cost-effectiveness acceptability curve was created using a
WTP threshold of $100,000/QALY gained.

Results

Base case results

The base case analysis showed that adding omalizumab
treatment to SOC helped to reduce exacerbations of all types
by 6.0 events per patient over a lifetime (3.5 requiring an
unscheduled physician visit, 2.0 requiring an ER visit, and 0.6
requiring hospitalization). Patient survival (discounted at 3%
annually) was prolonged by 1.5 life years (LY) with
Omaþ SOC (16.1 LY), compared with SOC (14.5 LY). QALYs
(discounted) increased by 2.0 (8.7 QALYs with SOC and 10.6
QALYs with Omaþ SOC; Figure 3, Table 3).

Drug acquisition, administration, and disease monitoring
costs increased by $154,617, primarily owing to the addition
of omalizumab treatment. However, with the treatment
effect on exacerbations, management costs were lowered by
$6,298, resulting in an increase of $148,319 in total direct
medical costs. The ICER was $75,319 per QALY gained.

Scenario analyses

Using the average annual net cost of omalizumab decreased
the ICER to $55,754/QALY gained. Although the clinical out-
comes (exacerbations and survival) did not change, the drug
and administration/monitoring costs decreased to $116,090,
contributing to the decreased ICER.

Including indirect costs allowed the Omaþ SOC arm to
accrue additional savings ($6,949) through improved work
productivity, and the ICER was $71,790/QALY gained in
this scenario.

When a responder analysis was included at 49weeks, the
difference in total direct medical costs between the two
arms was $121,417, with a health benefit of 1.7 QALYs. The
ICER was lowered to $70,505 in this scenario. Performing the

responder analysis at 16weeks resulted in an ICER
of $67,739.

Sensitivity analyses

The OWSA was run for all input parameters. Parameters that
resulted in a 5% or larger variation in the final results are
shown in the tornado diagram (Figure 2). For cost per QALY
gained, the most influential inputs were utility values. The
total direct medical costs were most impacted by the dur-
ation of omalizumab treatment and the proportion of
patients discontinuing omalizumab treatment.

The PSA showed that all 1,000 simulations fell in the
northeast quadrant below the WTP threshold (Figure 3) and
demonstrated that the addition of omalizumab is cost-
effective to payers. The average increase in direct medical
costs from the PSA is $148,375, with 2.0 more QALYs. The
resulted cost/QALY gained is $75,445. Across the spectrum of
possible WTP thresholds, the probability of omalizumab being
cost-effective at $100,000/QALY gained is 100% (Figure 4).

Discussion

This analysis assessed the cost-effectiveness of adding omali-
zumab to SOC in the management of moderate-to-severe
uncontrolled allergic asthma. Using real-world evidence to
define the effectiveness of omalizumab, the results showed
that the addition of omalizumab is associated with reduced
exacerbations of all severity levels, improvements in overall
survival and quality-adjusted survival, and is cost-effective to
US payers at a WTP threshold of $100,000/QALY gained.
Using the average annual net cost of omalizumab, including
indirect cost from improved work productivity or including
responder assessment, further improved/decreased the ICER.
Sensitivity analyses showed that results were robust to vari-
ation in the majority of inputs and omalizumab remained
cost-effective across the scenarios; the exception was when
the utility value for chronic asthma treated with omalizumab
takes the lower range, in which the ICER exceeded
$120,000/QALY.

This analysis aligns with the structure used in previously
published economic models for asthma biologics17,20,

Table 3. Lifetime clinical outcomes and costs per patient.

SOC Omaþ SOC Difference

Number of exacerbations requiring (undiscounted)
Unscheduled physician visit 45.1 41.6 �3.5
Emergency room visit 22.5 20.6 �2.0
Hospitalization 7.5 6.9 �0.6

Overall survival, years
Undiscounted 21.4 23.8 2.4
Discounted 14.5 16.1 1.5

Quality-adjusted life years
Undiscounted 12.7 15.3 2.5
Discounted 8.7 10.6 2.0

Direct medical costs (discounted), $
Drugs, administration, and monitoring 37,921 192,538 154,617
Management of exacerbations 38,994 32,696 �6,298

Total costs, $ 76,915 225,234 148,319
Incremental cost-effectiveness ratio, $ 75,319

Abbreviations. Oma, Omalizumab; SOC, standard of care.
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capturing key elements, including treatment effect on exac-
erbations and QoL, asthma-specific and all-cause mortality,
and relevant direct medical costs. However, prior models in
the US were mostly based on controlled clinical trials, which
do not fully represent real-world outcomes and have limited
generalizability20,55. Our analysis, by incorporating estimates
from the prospective observational study PROSPERO, pro-
vides an important assessment of effectiveness (as opposed
to efficacy) and the related costs of omalizumab. In addition,
controlled trials usually have strict requirements regarding

adherence and thus fail to track true patient behavior.
PROSPERO provides a better depiction of patients’ adherence
in real-world use, allowing for a more realistic calculation of
the treatment effects and costs.

The use of real-world evidence led to an ICER lower than
that observed in previously published models for omalizu-
mab17, and for other asthma biologics18,20, showing that the
addition of omalizumab to SOC may be considered cost-
effective to US payers. This is driven by the exacerbation-
related data and QoL impact as measured by the AQLQ.
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Figure 3. Scatter plot of incremental QALY and incremental costs.
Abbreviation. QALY, quality-adjusted life year.
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Figure 4. Cost-effectiveness acceptability curve.

Utility value for chronic asthma treated
with omalizumab

Utility value for chronic asthma treated with
usual care

Proportion of treatment drop-off, omalizumab
total population

Average age at baseline

Discount rate for future health care value

Low

High
Probability of death given an ER visit exacerbation

Annual rate of exacerbation requiring ER visit,
usual care

$48,000            $58,000             $68,000            $78,000            $88,000            $98,000           $108,000          $118,000           $128,000

Results from one-way sensitivity analysis
Figure 2. One-way sensitivity analysis for cost per QALY gained. Abbreviations. ER, emergency room; QALY, quality-adjusted life year.
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In this study, baseline rates of exacerbations were higher
than in controlled trials, indicating the potential difference
between the real-world patient population and patients
enrolled in clinical trials. Real-world studies are likely to
include patients who would not typically be part of a clinical
trial. Related to the higher baseline rates, the treatment
effect on exacerbations (i.e. the RR) observed in PROSPERO
was also larger than that obtained from the controlled tri-
als11–13,15. The AQLQ scores before and after treatment with
omalizumab demonstrate a relatively large difference in QoL
for patients, which has not been shown in controlled trials.
Therefore, when used in the real world, omalizumab may
have greater benefit for QoL and be more effective in offset-
ting exacerbations than previously incorporated into eco-
nomic analyses.

Although PROSPERO allows for inclusion of treatment dis-
continuation, data were not available for the period before
baseline. Therefore, it is not possible to differentiate discon-
tinuation between model arms. Evidence has shown that a
larger proportion of patients discontinue biologics compared
with SOC alone13,56. This SOC-specific discontinuation data
may have an impact on the incremental direct medical costs of
adding omalizumab to the SOC. In addition, multiple omalizu-
mab studies have shown a reduction in OCS use45–47; consider-
ing use of concomitant OCS may contribute to additional cost-
savings for omalizumab patients. However, direct data for the
PROSPERO population are not available, and thus the effects
of omalizumab on OCS use and costs were not modeled.

This analysis enabled the inclusion of indirect costs associ-
ated with lost work productivity. Only adult work productiv-
ity was accounted for, by using missed work days and
percentage compromised productivity reported in
PROSPERO. This underestimated the total indirect costs
because caregiver burden from missed school days in the
pediatric population was omitted. During the time missed
from school, the child may need to be taken care of by
parent(s) or relative(s) who are then not able to work, or by
professional childcare workers. Because the “caregiver” can
be from different sectors within the employed sector, it is
not always straightforward to estimate caregiver burden.

There are several limitations of this analysis. As discussed
earlier, using a single-arm study, the SOC arm of the model
was represented by baseline PROSPERO data, with HRU
based on patient recall of events over the 90 days before
baseline. As such, the model assumed that the SOC arm
reflected that of the PROSPERO population before omalizu-
mab whereas it is possible this arm, in reality, would have
been titrated to higher step therapy or OCS. However, the
baseline (or prior-baseline) population appears consistent
with SOC patients seen in other studies. For example, the
exacerbation rate in the 12months before study baseline
and the use of medications at baseline (82.4% of patients
reported concomitant or ongoing use of ICSþ long-acting
bronchodilators, the current SOC) were similar to those seen
among general SOC patients32. Adjusted RRs for HRU were
not available from the clinical study report, so crude ratios of
the rates were used. Although adjustment for patient charac-
teristics may not be required given the same population is

involved, uncontrolled confounders may have contributed to
the RRs.

Secondly, the model’s approach to capturing HRQoL dec-
rements associated with chronic asthma, exacerbations and
treatment involves multiple assumptions. The difference in
the utility value for SOC and Omaþ SOC were substantially
different (0.613 versus 0.826) based on the median overall
AQLQ scores. If a real-world population was titrated to
higher step therapy as discussed above, the AQLQ scores
(and therefore EQ-5D utility) would improve over 12months,
rather than remaining the same as baseline as was assumed
in our model. Real-world elicitation of the AQLQ instrument
pre and post SOC would be needed to test this assumption.
In addition, the utility decrement associated with exacerba-
tion was based on external published sources rather than
direct patient elicitation. Although the assumptions applied
equally to both treatment arms, they may not reflect the
exact effects in the PROSPERO population. Similarly, in
absence of direct EQ-5D data from the PROSPERO study,
patient-reported AQLQ scores were used to map utility val-
ues using a published mapping algorithm. While directly eli-
cited EQ-5D utility may be more generalizable across health
conditions, it may also fail to capture important changes in
asthma-related health states19,57. As health utility values are
the most influential inputs impacting the results, it is crucial
to rely on disease- and treatment-specific measures to ensure
that differences are incorporated.

Thirdly, the PROSPERO population included patients who
may not meet the eligibility requirements for the US Food
and Drug Administration-labeled indication. PROSPERO
enrolled patients with allergic asthma, and no protocol-
specified treatment regimen was required24. At baseline,
4.1% of the patients were categorized as having mild
asthma32, 16.2% of the patients had asthma that was well
controlled (Asthma Control Test score �20), and 23.8% of
the patients had IgE levels outside of the dosing table rec-
ommended in the omalizumab US prescribing information24.
Therefore, the results may not be generalizable across all sit-
uations, although the impact on this analysis was to imple-
ment a conservative estimate of treatment effect due to use
of data from a population with milder asthma.

Finally, literature is lacking on the breakdown of costs per
exacerbation event by severity level, as well as recent costs
for resources used to manage exacerbations. Although cost
inputs are inflated from a published source51, changes in the
management pattern and unit costs may not be fully cap-
tured with just the Consumer Price Index adjustment (infla-
tion), which leaves uncertainty regarding the calculated total
direct medical cost. However, most of the cost inputs apply
to both treatment arms, and the effect could be true costs
that are higher or lower than calculated. Moreover, the over-
all cost-effectiveness remains reliable given that none of the
cost inputs were identified in the OWSA as key influencers.

Conclusions

Using real-world data from the prospective observational
PROSPERO study, this analysis is the first evaluation of the
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cost-effectiveness of asthma biologics based on actual use
patterns and outcomes in the US. Adding omalizumab to
SOC in the management of moderate-to-severe allergic
asthma was demonstrated to be cost-effective to US payers
at a WTP threshold of $100,000/QALY gained. The result was
robust to the variation in inputs, with the greatest sensitivity
to utility values for chronic asthma. The actual ICER may be
even more cost-effective under certain scenarios (e.g., aver-
age annual net cost of omalizumab, inclusion of a responder
analysis, work productivity), reinforcing the comprehensive
picture of the real-world cost-effectiveness of omalizumab.

Transparency

Declaration of funding

This study was funded by Genentech, Inc., a member of the Roche
Group. Third-party writing assistance was provided by Mark Snape, MB
BS, CMPP, of Envision Pharma Inc., and funded by Genentech, Inc., a
member of the Roche Group. PS received no remuneration for this study
or authorship of this manuscript.

Author contributions

All authors were involved in the conception and design of the model.
YR, JD, and MY performed data analysis to generate the model inputs.
SPB and QL conducted further analysis of the input data and pro-
grammed the model. All authors contributed to the interpretation of the
results. SPB and QL developed the initial draft of the paper. All authors
revised the manuscript critically and provided the final approval of the
version to be published. All authors agree to be accountable for all
aspects of the work.

Declaration of financial/other relationships

SPB and QL are employees at IQVIA, which was contracted for this eco-
nomic evaluation. JD, YR, and MY are employees of Genentech, Inc. AK
is an employee of Novartis Pharmaceuticals Corporation. PS has received
grant funding/research support from Novartis Pharmaceuticals
Corporation. CMRO peer reviewers on this manuscript have no relevant
financial or other relationships to disclose.

Acknowledgements

The author would like to thank Julie Munakata for her advice on model
design and inputs, as well as for reviewing the manuscript.

Data sharing statement

Qualified researchers may request access to individual patient level data
through the clinical study data request platform (www.clinicalstudyda-
tarequest.com). Further details on Roche’s criteria for eligible studies are
available here (https://clinicalstudydatarequest.com/Study-Sponsors/
Study-Sponsors-Roche.aspx). For further details on Roche’s Global Policy
on the Sharing of Clinical Information and how to request access to
related clinical study documents, see here (https://www.roche.com/
research_and_development/who_we_are_how_we_work/clinical_trials/
our_commitment_to_data_sharing.htm).

References

[1] Centers for Disease Control and Prevention. National Center for
Health Statistics. Asthma summary health statistics tables for U.S.:
National Health Interview Survey. Tables A-2, C-1; 2016. Available
from: https://www.cdc.gov/nchs/fastats/asthma.htm.

[2] Centers for Disease Control and Prevention. Deaths: final data for
2015. Supplemental Tables. Tables I-24, I-25; National Vital
Statistics Reports; 2017;66(6). Available from: https://www.cdc.
gov/nchs/data/nvsr/nvsr66/nvsr66_06_tables.pdf.

[3] Centers for Disease Control and Prevention. Most recent asthma
data; 2018. Available from: https://www.cdc.gov/asthma/most_
recent_data.htm.

[4] National Heart, Lung, and Blood Institute. Expert Panel Report 3:
Guidelines for the diagnosis and management of asthma; 2007.
Available from: https://www.nhlbi.nih.gov/sites/default/files/
media/docs/asthgdln_1.pdf.

[5] Chung KF, Wenzel SE, Brozek JL, et al. International ERS/ATS
guidelines on definition, evaluation and treatment of severe
asthma. Eur Respir J. 2014;43(2):343–373.

[6] Centers for Disease Control and Prevention. Behavioral Risk
Factors Surveillance System (BRFSS)—Child and Adult Asthma
Call-back survey Data; 2006–2010. Available from: https://www.
cdc.gov/brfss/acbs/index.htm.

[7] Zahran HS, Bailey CM, Qin X, et al. Assessing asthma control and
associated risk factors among persons with current asthma–find-
ings from the child and adult Asthma Call-back Survey. J Asthma.
2015;52(3):318–326.

[8] Castro M, Corren J, Pavord ID, et al. Dupilumab efficacy and
safety in moderate-to-severe uncontrolled asthma. N Engl J Med.
2018;378(26):2486–2496.

[9] Castro M, Zangrilli J, Wechsler ME, et al. Reslizumab for inad-
equately controlled asthma with elevated blood eosinophil
counts: results from two multicentre, parallel, double-blind, rand-
omised, placebo-controlled, phase 3 trials. Lancet Respir Med.
2015;3(5):355–366.

[10] Farne HA, Wilson A, Powell C, et al. Anti-IL5 therapies for asthma.
Cochrane Database Syst Rev. 2017;9(9):CD010834.

[11] FitzGerald JM, Bleecker ER, Nair P, et al. Benralizumab, an anti-
interleukin-5 receptor alpha monoclonal antibody, as add-on
treatment for patients with severe, uncontrolled, eosinophilic
asthma (CALIMA): a randomised, double-blind, placebo-controlled
phase 3 trial. Lancet. 2016;388(10056):2128–2141.

[12] Hanania NA, Alpan O, Hamilos DL, et al. Omalizumab in severe
allergic asthma inadequately controlled with standard therapy: a
randomized trial. Ann Intern Med. 2011;154(9):573–582.

[13] Humbert M, Beasley R, Ayres J, et al. Benefits of omalizumab as
add-on therapy in patients with severe persistent asthma who
are inadequately controlled despite best available therapy (GINA
2002 step 4 treatment): INNOVATE. Allergy. 2005;60(3):309–316.

[14] Normansell R, Walker S, Milan SJ, et al. Omalizumab for asthma
in adults and children. Cochrane Database Syst Rev. 2014;1(1):
CD003559.

[15] Ortega HG, Liu MC, Pavord ID, et al. Mepolizumab treatment in
patients with severe eosinophilic asthma. N Engl J Med. 2014;
371(13):1198–1207.

[16] Rabe KF, Nair P, Brusselle G, et al. Efficacy and safety of dupilu-
mab in glucocorticoid-dependent severe asthma. N Engl J Med.
2018;378(26):2475–2485.

[17] Campbell J, Spackman D, Sullivan S. The costs and consequences
of omalizumab in uncontrolled asthma from a USA payer per-
spective. Allergy. 2010;65(9):1141–1148.

[18] Lam J, Hay JW, Salcedo J, et al. A cost-effectiveness analysis of
reslizumab in the treatment of poorly controlled eosinophilic
asthma. J Asthma. 2018;56(8):872–881.

[19] McQueen RB, Sheehan DN, Whittington MD, et al. Cost-effective-
ness of biological asthma treatments: a systematic review and
recommendations for future economic evaluations.
Pharmacoeconomics. 2018;36(8):957–971.

[20] Whittington MD, McQueen RB, Ollendorf DA, et al. Assessing the
value of mepolizumab for severe eosinophilic asthma: a cost-
effectiveness analysis. Ann Allergy Asthma Immunol. 2017;118(2):
220–225.

[21] Cameron D, Ubels J, Norstrom F. On what basis are medical cost-
effectiveness thresholds set? Clashing opinions and an absence

CURRENT MEDICAL RESEARCH AND OPINION 31

http://www.clinicalstudydatarequest.com
http://www.clinicalstudydatarequest.com
https://clinicalstudydatarequest.com/Study-Sponsors/Study-Sponsors-Roche.aspx
https://clinicalstudydatarequest.com/Study-Sponsors/Study-Sponsors-Roche.aspx
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.cdc.gov/nchs/fastats/asthma.htm
https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_06_tables.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_06_tables.pdf
https://www.cdc.gov/asthma/most_recent_data.htm
https://www.cdc.gov/asthma/most_recent_data.htm
https://www.nhlbi.nih.gov/sites/default/files/media/docs/asthgdln_1.pdf
https://www.nhlbi.nih.gov/sites/default/files/media/docs/asthgdln_1.pdf
https://www.cdc.gov/brfss/acbs/index.htm
https://www.cdc.gov/brfss/acbs/index.htm


of data: a systematic review. Glob Health Action. 2018;11(1):
1447828.

[22] Marseille E, Larson B, Kazi DS, et al. Thresholds for the cost–effec-
tiveness of interventions: alternative approaches. Bull World
Health Organ. 2015;93(2):118–124.

[23] Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effective-
ness-the curious resilience of the $50,000-per-QALY threshold.
N Engl J Med. 2014;371(9):796–797.

[24] Casale TB, Luskin AT, Busse W, et al. Omalizumab effectiveness
by biomarker status in patients with asthma: evidence from
PROSPERO, a prospective real-world study. J Allergy Clin
Immunol Pract. 2019;7(1):156–164.e1.

[25] Long A, Rahmaoui A, Rothman KJ, et al. Incidence of malignancy
in patients with moderate-to-severe asthma treated with or with-
out omalizumab. J Allergy Clin Immunol. 2014;134(3):560–567.

[26] Zazzali JL, Raimundo KP, Trzaskoma B, et al. Changes in asthma
control, work productivity, and impairment with omalizumab: 5-
year EXCELS study results. Allergy Asthma Proc. 2015;36(4):
283–292.

[27] Husereau D, Drummond M, Petrou S, et al. Consolidated health
economic evaluation reporting standards (CHEERS) statement.
Value Health. 2013;16(2):6.

[28] Ramsey SD, Willke RJ, Glick H, et al. Cost-effectiveness analysis
alongside clinical trials II—an ISPOR Good Research Practices Task
Force report. Value Health. 2015;18(2):161–172.

[29] Sanders GD, Neumann PJ, Basu A, et al. Recommendations for
conduct, methodological practices, and reporting of cost-effect-
iveness analyses: second panel on cost-effectiveness in health
and medicine. JAMA. 2016;316(10):1093–1103.

[30] Reddel HK, Taylor DR, Bateman ED, et al. An official American
Thoracic Society/European Respiratory Society statement: asthma
control and exacerbations: standardizing endpoints for clinical
asthma trials and clinical practice. Am J Respir Crit Care Med.
2009;180(1):59–99.

[31] Lloyd A, Price D, Brown R. The impact of asthma exacerbations
on health-related quality of life in moderate to severe asthma
patients in the UK. Prim Care Respir J. 2007;16(1):22.

[32] Chipps BE, Zeiger RS, Luskin AT, et al. Baseline asthma burden,
comorbidities, and biomarkers in omalizumab-treated patients in
PROSPERO. Ann Allergy Asthma Immunol. 2017;119(6):524–532.

[33] Global Initiative for Asthma. Global Strategy for Asthma
Management and Prevention. 2018. [cited 2019 Jan 11]. Available
from: www.ginaasthma.org.

[34] National Asthma Education and Prevention Program. Expert
Panel Report 3 (EPR-3): guidelines for the diagnosis and manage-
ment of asthma-summary report 2007. J Allergy Clin Immunol.
2007;120(5 Suppl):S94–S138.

[35] Genentech, Inc. Prospective study to evaluate predictors of clin-
ical effectiveness in response to omalizumab (PROSPERO). Data
on File. 2018.

[36] Bacharier L, Casale T, Holden M, et al. Differences in eligibility cri-
teria and baseline patient characteristics amongst trials of bio-
logic therapies in asthma. Ann Allergy Asthma Immunol. 2018;
121(5 Suppl):S45–S46.

[37] Levy ML, Andrews R, Buckingham R, et al. Why asthma still kills:
the National Review of Asthma Deaths (NRAD) Confidential
Enquiry Report; 2014. Available from: https://www.rcplondon.ac.
uk/projects/outputs/why-asthma-still-kills.

[38] National Institute for Health and Care Excellence. Mepolizumab
for treating severe refractory eosinophilic asthma. Technical
appraisal guidance TA431; 2017. Available from: https://www.
nice.org.uk/guidance/ta431.

[39] De Vries F, Setakis E, Zhang B, et al. Long-acting beta 2-agonists
in adult asthma and the pattern of risk of death and severe

asthma outcomes: a study with the General Practice Research
Database. Eur Respir J. 2010;36(3):494–502.

[40] Watson L, Turk F, James P, et al. Factors associated with mortality
after an asthma admission: a national United Kingdom database
analysis. Respir Med. 2007;101(8):1659–1664.

[41] Arias E, Heron M, Xu J. United States Life Tables, 2014. National
Vital Statistics Reports. 2017;66(4). Available from: https://www.
cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_04.pdf.

[42] Tsuchiya A, Brazier J, McColl E, et al. Deriving preference-based
single indices from non-preference based condition-specific
instruments: converting AQLQ into EQ5D indices; 2002. Available
from: http://eprints.whiterose.ac.uk/10952/.

[43] Ayres JG, Higgins B, Chilvers E, et al. Efficacy and tolerability of
anti-immunoglobulin E therapy with omalizumab in patients with
poorly controlled (moderate-to-severe) allergic asthma. Allergy.
2004;59(7):701–708.

[44] Vieira T, de Oliveira JF, da Graça Castel-Branco M. Short and
long-term quality of life and asthma control with omalizumab
therapy in a real life setting in Portugal. Allergol Immunopathol
(Madr). 2014;42(1):3–10.

[45] Braunstahl G-J, Chen C-W, Maykut R, et al. The eXpeRience regis-
try: the ’real-world’ effectiveness of omalizumab in allergic
asthma. Respir Med. 2013;107(8):1141–1151.

[46] Molimard M, Buhl R, Niven R, et al. Omalizumab reduces oral cor-
ticosteroid use in patients with severe allergic asthma: real-life
data. Respir Med. 2010;104(9):1381–1385.

[47] Siergiejko Z, �Swiebocka E, Smith N, et al. Oral corticosteroid spar-
ing with omalizumab in severe allergic (IgE-mediated) asthma
patients. Curr Med Res Opin. 2011;27(11):2223–2228.

[48] Medi-SpanV
R

Price RxV
R

Database. Available from: https://pricerx.
medispan.com/IngredientName.aspx.

[49] Genentech, Inc. Access Solutions. Xolair (omalizumab) for sub-
cutaneous use: sample coding. Available from: https://www.gen-
entech-access.com/hcp/brands/xolair/learn-about-our-services/
reimbursement.html.

[50] Centers for Medicare and Medicaid Services. Physician Fee
Schedule; 2018. Available from: https://www.cms.gov/Medicare/
Medicare-Fee-for-Service-Payment/PhysicianFeeSched/PFS-
Federal-Regulation-Notices-Items/CMS-1676-F.html.

[51] MarketScan Databases; 2006.
[52] US Bureau of Labor Statistics. Consumer Price Index–all urban

consumers (current series). Medical care in US city average; 2018.
[cited 2018 Jun 28]. Available from: https://www.bls.gov/data/.

[53] US Bureau of Labor Statistics. May 2017 national occupational
employment and wage estimates; 2017. [cited 2018 Jun 28].
Available from: https://www.bls.gov/oes/current/oes_nat.htm#00-
0000.

[54] Bousquet J, Siergiejko Z, Swiebocka E, et al. Persistency of
response to omalizumab therapy in severe allergic (IgE-mediated)
asthma. Allergy. 2011;66(5):671–678.

[55] Campbell JD, McQueen RB, Briggs A. The “e” in cost-effectiveness
analyses. A case study of omalizumab efficacy and effectiveness
for cost-effectiveness analysis evidence. Annals Am Thorac Soc.
2014;11(Suppl 2):S105–S111.

[56] Lanier B, Bridges T, Kulus M, et al. Omalizumab for the treatment
of exacerbations in children with inadequately controlled allergic
(IgE-mediated) asthma. J Allergy Clin Immunol. 2009;124(6):
1210–1216.

[57] Sullivan PW, Ghushchyan VH, Campbell JD, et al. Measurement of
utility in asthma: evidence indicating that generic instruments
may miss clinically important changes. Qual Life Res. 2016;25(12):
3017–3026.

32 P. W. SULLIVAN ET AL.

http://www.ginaasthma.org
https://www.rcplondon.ac.uk/projects/outputs/why-asthma-still-kills
https://www.rcplondon.ac.uk/projects/outputs/why-asthma-still-kills
https://www.nice.org.uk/guidance/ta431
https://www.nice.org.uk/guidance/ta431
https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_04.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_04.pdf
http://eprints.whiterose.ac.uk/10952/
https://pricerx.medispan.com/IngredientName.aspx
https://pricerx.medispan.com/IngredientName.aspx
https://www.genentech-access.com/hcp/brands/xolair/learn-about-our-services/reimbursement.html
https://www.genentech-access.com/hcp/brands/xolair/learn-about-our-services/reimbursement.html
https://www.genentech-access.com/hcp/brands/xolair/learn-about-our-services/reimbursement.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/PFS-Federal-Regulation-Notices-Items/CMS-1676-F.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/PFS-Federal-Regulation-Notices-Items/CMS-1676-F.html
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/PFS-Federal-Regulation-Notices-Items/CMS-1676-F.html
https://www.bls.gov/data/
https://www.bls.gov/oes/current/oes_nat.htm#00-0000
https://www.bls.gov/oes/current/oes_nat.htm#00-0000


Supplementary material

Supplementary Table 1. Parametric distributions and ranges used in the probabilistic sensitivity analysis

Input parameter Base case Lower

rangea

Upper

rangea

Distribution

Average age at baseline, years 47.3 46.1 48.5 Normal

Proportion of female patients, % 63.5 60.2 66.8 Normal

Probability of responding to omalizumab treatment, % 76.3 73.4 79.3 Beta

Annual rate of exacerbations requiring steroid burst, SOC 2.435 2.098 2.772 Lognormal

Annual rate of exacerbations requiring ER visit, SOC 1.218 0.989 1.446 Lognormal

Annual rate of exacerbations requiring hospitalization, SOC 0.406 0.271 0.541 Lognormal

RR for exacerbations requiring steroid burst, Oma + SOC 0.160 0.126 0.194 Lognormal

RR for exacerbations requiring ER visit, Oma + SOC 0.115 0.075 0.155 Lognormal

RR for exacerbations requiring hospitalization, Oma + SOC 0.148 0.069 0.227 Lognormal

RR for exacerbations requiring steroid burst, Oma responders + SOC 0.136 0.101 0.170 Lognormal

RR for exacerbations requiring ER visit, Oma responders + SOC 0.099 0.055 0.143 Lognormal

RR for exacerbations requiring hospitalization, Oma responders + SOC 0.099 0.031 0.166 Lognormal



Probability of death given an ER visit exacerbation 0.018 0.014 0.021 Beta

Probability of death given a hospitalized exacerbation 0.025 0.020 0.030 Beta

Utility value for chronic asthma treated with SOC 0.613 0.597 0.631 Beta

Utility value for chronic asthma treated with Oma 0.826 0.807 0.837 Beta

Utility value for chronic asthma for Oma responders + SOC 0.876 0.864 0.894 Beta

Utility decrement for exacerbations requiring steroid burst 0.100 0.000 0.200 Beta

Utility decrement for exacerbations requiring ER visit 0.150 0.050 0.250 Beta

Utility decrement for exacerbations requiring hospitalization 0.200 0.100 0.300 Beta

SOC pharmacotherapy cost per year, $US 3,200 2,560 3,840 Gamma

SOC routine office visits per year 4 3 5 Normal

Omalizumab injections per year 17 14 21 Normal

Proportion of treatment drop-off, SOC, % 22.6 19.7 25.5 Beta

Proportion of treatment drop-off, Oma, % 22.6 19.7 25.5 Beta

Proportion of treatment drop-off, Oma responders + SOC, % 22.6 19.7 25.5 Beta

Cost per exacerbation event requiring steroid burst $159 $128 $191 Gamma

Cost per exacerbation event requiring ER visit $728 $584 $871 Gamma



Cost per exacerbation event requiring hospitalization, $US 12,124 9,749 14,500 Gamma

Probability of patients being employed, % 48.4 44.9 51.9 Beta

Typical work hours a week 40.0 32.0 48.0 Normal

Hours missed from work per week, SOC 3.09 2.47 3.71 Normal

Hours missed from work per week, Oma 1.46 1.16 1.75 Normal

Hours missed from work per week, Oma responders + SOC 0.82 0.65 0.98 Normal

% compromised productivity for hours worked, SOC 31.2 24.9 37.4 Beta

% compromised productivity for hours worked, Oma 15.3 12.2 18.4 Beta

% compromised productivity for hours worked, Oma responders + SOC 11.2 8.9 13.4 Beta

Abbreviations. ER, emergency room; Oma, Omalizumab; RR, rate ratio; SOC, standard of care.

aRanges are 95% confidence intervals if available or could be calculated from the source documents. Otherwise, ranges from the

one-way sensitivity analysis (±20% of base case values) were used as proxy.
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