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Abstract
Background—Omalizumab (trade name Xolair) is approved by the US Food and Drug
Administration for treatment of moderate-to-severe allergic asthma. Given the high acquisition
cost of omalizumab, its role and cost-effectiveness in disease management require definition.

Objective—We sought to identify the clinical and economic circumstances under which
omalizumab might or might not be a cost-effective option by using a mathematic model.

Methods—We merged published data on clinical and economic outcomes (including acute event
incidence, frequency/severity of hospitalizations, and health-related quality of life) to project 10-
year costs, quality-adjusted life years (QALYs), and cost-effectiveness of treatment with
omalizumab in addition to inhaled corticosteroids. Sensitivity analyses were conducted by using
input data ranges from a variety of sources (published clinical trials and observational databases).

Results—For patients with baseline acute event rates, omalizumab conferred an additional 1.7
quality-adjusted months at an incremental cost of $131,000 over a 10-year planning horizon,
implying a cost-effectiveness ratio of $821,000 per QALY gained. For patients with 5 times the
baseline acute event rate, the cost-effectiveness ratio was $491,000 per QALY gained. The
projected cost-effectiveness ratio could fall within a range of other programs that are widely
considered to be cost-effective if the cost of omalizumab decreases to less than $200.

Conclusion—Omalizumab is not cost-effective for most patients with severe asthma. The
projected cost-effectiveness ratios could fall within a favorable range if the cost of omalizumab
decreases significantly.
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Clinical implications—Based on the high cost of omalizumab, it is especially important that
clinicians explore alternative medications for asthma before initiating omalizumab.
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The cost of asthma in the United States was estimated to be US $14 billion in 2002. This
amount represents direct medical costs, such as hospitalizations ($3.1 billion) and
pharmaceuticals ($3.7 billion), and indirect medical costs ($4.6 billion), such as time lost
from work and premature death.1 For patients with severe refractory asthma, the range of
available treatment options is limited. Omalizumab, a humanized mAb directed against IgE,
was approved by the US Food and Drug Administration in 2003 as maintenance therapy for
adults and adolescents (≥12 years of age) with moderate-to-severe allergic asthma and
inadequate response to inhaled corticosteroids (ICSs). Randomized, placebo-controlled,
doubleblind clinical trials demonstrate that the addition of omalizumab to patients’ drug
regimens reduces the frequency of allergic asthma exacerbations compared with ICSs
alone.2-4 Additional evidence suggests that omalizumab decreases the incidence of clinic
visits for asthma exacerbations, emergency department (ED) visits, and hospitalizations.2,4-9

Omalizumab is more expensive than any other medication for asthma. Current US wholesale
prices for omalizumab average almost $1300 per patient-month for an asthmatic patient who
weighs less than 90 kg. Furthermore, because it must be administered every 2 or 4 weeks by
means of slow subcutaneous injection, omalizumab requires an increase in the number of
clinic visits and requires additional resources for patient education. In addition, omalizumab
administration must be continued indefinitely10 because serum IgE levels appear to return
when treatment is withheld.11

Viewed in the context of limited resources and competing choices, the role of omalizumab
in asthma management is not well defined. Based on its price alone, many observers have
summarily concluded that omalizumab will be cost-effective only in the most limited patient
settings.12-14 Oba and Salzman15 conducted a cost-effectiveness analysis from a third-party
payer’s perspective and found that the daily cost to achieve greater than a 0.5-point increase
in the Asthma Quality of Life Questionnaire (AQLQ) score was $378 in 2003 dollars and
that the cost to achieve an additional successfully controlled day was $523. They concluded
that omalizumab is not cost-effective. Another cost-effectiveness analysis by Brown et al16

suggested that omalizumab is cost-effective; however, this analysis was based on a small
open-label trial, and the analysis was limited to subjects who were responsive to
omalizumab. This creates a strong bias in favor of omalizumab. In clinical practice we do
not yet have the ability to select and then treat only those subjects who will respond to the
medication. Therefore we have to use the medication in a broader population, which
increases the overall costs and decreases the overall benefits (because there will be
nonresponders) from the use of the therapy on a societal basis. In addition, the authors of
this analysis derived preference-based measures of health outcome based on the AQLQ. Still
lacking in the literature is a formal cost-effective analysis using directly obtained
preference-based measures of health.17

Studies taking a societal viewpoint can better discern which group of patients should be
considered for omalizumab.14 By taking a societal viewpoint and measuring effectiveness in
terms of quality-adjusted life years (QALYs), a cost-effectiveness analysis can consider
value for money and provide practical guidance, either to practitioners or to payers, as to the
clinical and economic circumstances under which omalizumab might or might not prove to
be an appropriate and cost-effective option. To our knowledge, no evaluation of omalizumab
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has yet been conducted in conformity with the recommendations of the US Panel on Cost-
Effectiveness in Health and Medicine.18

METHODS
Analytic overview

We used the Asthma Policy Model, a previously published, computer-based mathematic
model of the natural history and treatment of asthma, to simulate the use of omalizumab in a
population of adult asthmatic patients with severe uncontrolled disease and to project results
into 10-year outcomes, including QALYs, cost, and cost-effectiveness.19,20 In accordance
with the recommendations of the Panel on Cost-Effectiveness in Health and Medicine, this
analysis was performed from the societal perspective, with costs updated to 2005 US dollars
by using the medical care component of the Consumer Price Index21 and using an annual
discount rate of 3%. Cost-effectiveness ratios for omalizumab in addition to ICSs and quick
relievers alone were calculated incrementally and reported in dollars per QALY gained. We
explored the strength of our conclusions under alternative parameter estimates.

Asthma Policy Model
Details of this model, its underlying assumptions, construction, input data fields, and
analysis, are described elsewhere.18,19 Briefly, this is a Markov state-transition
simulation,22,23 a model that characterizes the progress of disease as a sequence of
transitions through a defined set of “health states.” The model characterizes the natural
history of illness as a sequence of flows into and out of 3 healthy states: chronic, acute, and
death. The model assumes that patients in the same health state also share a similar clinical
history and prognosis, a common perception of well-being, and a comparable pattern of
health care use. Acute exacerbations are divided into 3 categories: urgent care visits, ED
visits, and hospitalizations. Patients begin in an initial health state that reflects published
distributions of patient age, asthma prevalence, and pulmonary function. Each month,
patients’ risk profiles might change. Each transition involves a unique set of mortality risks,
clinical consequences, changes in quality of life, and economic costs. After each month,
patients can stay in the same health state or change to a different state. Exacerbations and
hospitalizations from asthma are accounted for when a patient moves from the chronic
health state to the acute state. The clinical course of a hypothetical cohort of patients is
tracked for 10 years. The Online Repository at www.jacionline.org provides a detailed
summary of the development of the model.20

Target population
We considered 2 treatment scenarios for patients with severe asthma: (1) ICS therapy for
longer-term asthma control and quick relievers (eg, short-acting β-agonists) on an as-needed
basis and (2) ICSs and quick relievers plus omalizumab therapy. We chose to focus on
patients with severe persistent asthma because omalizumab is currently recommended for
this population.

Input data: Effect of ICS therapy
The effect of ICS therapy was expressed in terms of change in FEV1 as a percentage of
predicted normal value relative to baseline. Evidence suggests that a subset of patients with
severe asthma might be insensitive to steroids.25 Thus the use of steroids in patients who are
insensitive might add additional toxicity without the benefit that is realized in other
subpopulations. Moreover, we assume equivalency across all ICS preparations. Although the
model can be used to simulate the effects of a given agent, our approach is consistent with
the most recent version of the National Asthma Education and Prevention Program
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guidelines (which acknowledge differences on a per-inhalation or microgram basis but
which do not currently define any implications of these differences for purposes of clinical
dosing recommendations). For the current analysis, we dampened the baseline efficacy
assumption to reflect the fact that omalizumab is approved for use in patients who have not
achieved adequate asthma control through ICS therapy. Our baseline assumption was that
ICS therapy improved FEV1 percent predicted values by 17%. In addition, we explored a
range of effect of ICS therapy of 9% (reflecting a 50% dampening effect of ICS therapy) to
17%.

In our previous work we have published details of these assumptions and the evidence base
to support them elsewhere.20 We note, moreover, that by assuming limited disease control
with inhaled steroids, we have deliberately biased the analysis in favor of omalizumab.

Input data: Effect of omalizumab therapy
We modeled the treatment effectiveness of omalizumab along 3 independent dimensions: (1)
reduction in exacerbation rate, (2) reductions in the duration and intensity of an exacerbation
when it occurs, and (3) improvement in health-related quality of life (HRQOL). In this
section we discuss the data supporting the mechanisms of effectiveness and then describe
the values we used for both our baseline and sensitivity analyses. Baseline input values and
parameters for sensitivity analyses are listed in Table I.2,25-28

Reduction in exacerbation rate—The Cochrane Airways Group’s review of
omalizumab found a 46% reduction in the rate of exacerbation in subjects receiving
omalizumab plus an ICS compared with that seen in the subjects receiving an ICS alone.24

Thus in our base-case analysis we assumed a 46% reduction in the exacerbation rate. In our
sensitivity analyses we explored a range of 33% to 92%, based on previously published
studies.26

Reduced duration/intensity of hospitalizations—Modeled as a percentage reduction
in the severity of acute events, omalizumab would affect the resource use of urgent care
visits, ED visits, and hospitalizations. Omalizumab treatment resulted in shorter duration of
asthma exacerbations in one clinical trial, with a mean length of exacerbation of 7.8 days
compared with 12.7 days in the control group (P < .001).2 Based on this difference in length
of exacerbation, we chose to assume a 63% reduction in resource use intensity, which
corresponds to a decrease from 12.7 days to 7.8 days.26

Change in lung function—The systematic review conducted by the Cochrane Airways
Group suggests a small improvement in FEV1 percent predicted25 associated with
omalizumab therapy. The systematic review finds an improvement in FEV1 percent
predicted of 2.9% in subjects treated with omalizumab. Thus in our base-case analysis, we
assumed omalizumab conferred an improvement in FEV1 of 2.9%.

Costs—Costs were estimated from published resource use studies29-36 and adjusted to
reflect US 2005 dollars by using the Consumer Price Index.21 Baseline monthly chronic care
costs (medications, routine office visits, laboratory testing) were $77 for patients with severe
disease.29 Acute event costs included $75 for non-ED urgent care visits, $290 for ED visits,
and $3800 for hospitalizations.29 Hospitalizations account for a large part of the expense of
asthma care. ICS costs were estimated from published resource use studies.29,31-34 The
wholesale price for one 150-mg vial of omalizumab in 2005 dollars is $568.31.27 Dosing for
omalizumab was based on both IgE level and weight (0.016 mg/kg IgE). The 2 clinical trials
of omalizumab in adolescents and adults with severe asthma reported mean IgE levels of
197 IU/mL.25 Thus a 70-kg adult would require 220 mg per dose or 2 vials. Vials of
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omalizumab are single use, and unused portions are discarded. The cost of 2 vials of
omalizumab (150 mg each) every 4 weeks is $15,000 per year, which is a conservative
estimate of the yearly cost of omalizumab because many adults weigh more than 70 kg. The
maximum recommended dose according to the manufacturer is 375 mg every 2 weeks,
which would entail use of 3 vials every 2 weeks at a cost of $44,000 per year. Recognizing
the variation of costs based on IgE level, body weight, and costs of office visits, we explored
the effects of varying costs by 10% to 200% of their baseline values.

Improved quality of life—The US Panel on Cost-effectiveness in Health and Medicine
recommends that morbidity consequences be valued by community preferences for health
states be used, whenever feasible.18 The panel, however, acknowledges the difficulties of
adhering to this recommendation and suggests various practical approximations. In the case
of the relationship between lung function and values (utilities), published evidence is
limited.37,38 No studies have considered a sufficiently rich set of symptomatic health states
to be suitable for our use. Moreover, we know of no studies that have directly collected
community-based preferences in asthma. As described elsewhere, we previously collected
our own preference weights for use by the Asthma Policy Model through direct utility
assessments by using the time-tradeoff elicitation technique.39 For each patient, information
was collected on FEV1 percent predicted values. In addition, several preference elicitation
measures, including time tradeoff, standard gamble questions, the Health Utilities Index, and
the Asthma Symptom Utility Index, were administered.39 The relationship between FEV1
percent predicted and preference scores was estimated by using ordinary least-squares
regression.39 Cognizant of the small size and demographic homogeneity of our sample, we
have previously explored results using preferences obtained through the other elicitation
instruments (most notably, the community-weighted Health Utilities Index40 and the
Asthma Symptom Utility Index).38,39 Generally, our cost-effectiveness findings have been
robust in the face of plausible variation in baseline quality-of-life assumptions.

Based on the systematic review that suggests a 2.9% improvement in FEV1 with
omalizumab,41 we used the Asthma Policy Model to infer the increase in utilities associated
with omalizumab (a 2.9% increase in FEV1) and found that omalizumab produced an
improvement in HRQOL of 0.9%. This is consistent with previous findings.25 Thus in our
base-case analysis we assumed that omalizumab conferred an improvement of 0.9% of
HRQOL.

Prior reports suggest that the correlation between health status measures and preference-
based HRQOL measures is modest at best, with health status measures explaining less than
one third of the variance in utility.42,43 A systematic review by Niebauer et al28 found a
significant improvement in asthma-related HRQOL in the omalizumab- and steroid-treated
groups compared with those receiving steroids alone in adults and children. A weighted
average taken from the 3 adult trials of subjects with asthma estimated an improvement in
health status (AQLQ) of 7.2%.28 In a report focusing on asthma, Molken et al44 observed
that an 8.8% relative change in health status (AQLQ) was associated with a 0.9% change in
preference based HRQOL (standard gamble). Thus our base-case analysis assumption of a
preference-based HRQOL improvement of 0.9% in association with omalizumab treatment
is consistent with the published literature.

RESULTS
ICSs with quick relievers alone

For patients with severe asthma receiving ICSs and quick relievers, the model predicts a
population average of 0.63 hospitalizations, 0.93 ED visits, and 4.4 urgent care visits per
patient-year (undiscounted).
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On the basis of our model, over a 10-year horizon, patients aged 18 years and older are
expected to live an average of 9.17 years (7.95 discounted life-years), with virtually all
deaths attributable to non–asthma-related causes. Adjusted for both HRQOL and the time
value of outcomes, this equates to 78.33 discounted quality-adjusted months (QAMs).
Discounted asthma-related costs are expected to total $16,000.

Omalizumab
Under baseline assumptions, the addition of omalizumab is expected to reduce
hospitalizations to 0.31, ED visits to 0.46, and urgent care visits to 2.17 per patient-year
(undiscounted as shown in Table II). Although life expectancies barely change over a 10-
year planning horizon, quality-adjusted survival increases to 80.01 QAMs. With the addition
of omalizumab, discounted asthma-related costs increase to $131,000. Thus compared with
ICSs alone, we estimate that over a 10-year planning horizon, omalizumab confers an
additional 1.7 QAMs at an incremental cost of $821,000 per QALY gained.

Sensitivity analysis
In sensitivity analyses assumptions regarding cost of omalizumab, reduction in exacerbation
rate, reduction in duration and intensity of hospitalizations, improvement in HRQOL, and
increase in baseline acute event rates were varied over plausible ranges (Table I). The
monthly cost of omalizumab and improvement in HRQOL had the greatest effect on the
incremental cost-effectiveness ratios (Fig 1). Changing assumptions regarding the baseline
rate of acute exacerbations had significantly less effect on the incremental cost-effectiveness
ratios.

Reduction in exacerbations with omalizumab—We explored the cost-effectiveness
ratios for omalizumab if the efficacy, measured in reduction in exacerbation rate, varied
from 33% to 92%. We found that the cost per QALY gained varied from $853,000 and
$727,000, respectively.

Higher acute event rates—The baseline acute event rate was multiplied by a factor of 5
to simulate a high-risk group with frequent exacerbations; all exacerbation-related events
and their associated costs and HRQOL effects were increased. For example, the number of
hospitalizations over a 10-year horizon increased to 1.54 per patient-year (undiscounted),
and discounted asthma-related costs increased to $134,000. Given such a scenario, the cost-
effectiveness ratio was more favorable. With increased acute event rates, omalizumab
confers an additional 2.6 QAMs at an incremental cost of $491,000 per QALY gained.

Quality-of-life improvement—We explored the cost-effectiveness ratios for omalizumab
if the therapy-related improvement in HRQOL varied from 0% to 7.2% while holding other
inputs at the base-case scenario. The results suggest that the cost-effectiveness of
omalizumab is sensitive to omalizumab’s effect on HRQOL. When we assumed no
improvement in HRQOL with omalizumab, the cost-effectiveness ratio increased to $1.42
million. On the other hand, when improvement in HRQOL was assumed to be 7.2%, the
cost-effectiveness ratio decreased to $207,000 per QALY.

Cost of omalizumab—Given the baseline assumption for acute event rates, monthly drug
costs of less than $200 resulted in a cost-effectiveness ratio of $100,000 per QALY. Similar
results were obtained when we assumed an acute event rate 5 times the baseline value: drug
costs of $450 per month resulted in a cost-effectiveness ratio of $100,000 per QALY.
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DISCUSSION
At $821,000 per QALY gained, omalizumab is not cost-effective. Although no consensus
defines the threshold that represents acceptable value for money, cost-effectiveness ratios
are often placed in context by comparisons with other interventions, such as hemodialysis
for chronic renal failure.45 The “dialysis threshold” that is frequently quoted is $93,500 per
QALY in 2002 US dollars. Accordingly, an intervention costing $821,000 per QALY is not
considered attractive value for money.

Not surprisingly, the cost-effectiveness of omalizumab is highly sensitive to price
assumptions. Holding all other model parameters at their baseline value, monthly drug costs
of less than $100 and $200 per month would be required to clear $50,000 and $100,000 per
QALY gained, respectively. This would translate into annual drug costs of $1200 to $2400
for a 70-kg person with an IgE level of 200 IU/mL. In addition, the cost-effectiveness of
omalizumab is sensitive to assumptions in improvement in HRQOL. Based on existing
clinical trials, omalizumab improved HRQOL. When effects were modeled assuming
HRQOL is improved by 7.2% more than when taking an ICS alone, the cost-effectiveness
ratio is close to $207,000. The cost-effectiveness ratio was less sensitive to other input data
assumptions, such as reduction in exacerbations, reduction in hospital resource use, increase
in baseline acute event rate, and dampening of the ICS effect.

Similar to Oba and Salzman’s cost-effectiveness study of omalizumab,15 we find that the
incremental cost associated with omalizumab is higher than is commonly used as a
benchmark for an acceptable incremental cost. Because our analysis measures cost per
QALY rather than cost to improve the AQLQ score by 0.5 points for an entire year, it is
easier to compare the cost of omalizumab with the costs of other therapeutics and
interventions. The analysis by Brown et al does use the unit of cost per QALY but has other
shortcomings. Although the study used for analysis includes a total of 206 subjects in the
omalizumab group, the analysis by Brown et al only includes the 68 subjects who responded
to omalizumab, defined as having a 0.5-point or greater improvement in the Mini-AQLQ
(Brown et al16 and Ayres et al46). Thus this analysis is a narrow analysis and does not
represent the real-world setting in which omalizumab response cannot be predicted before
treatment. In addition, this analysis used utilities that might not be accurate because they
were transformed from values from the Mini-AQLQ, and the utilities were based on an
open-label trial that could result in biased responses to the AQLQ.16,46

Our findings have significant implications for the allocation of health care resources in the
treatment of severe asthma. Because of the substantial clinical benefits seen in randomized
control trials, omalizumab is potentially a valuable therapeutic strategy in populations whose
prognosis is otherwise poor and for whom few satisfactory alternatives exist. For these
individuals, the usual parameters by which cost-effectiveness is judged might be different
from those used in healthier populations. For example, studies of cost-effectiveness in the
treatment of advanced cancer have demonstrated that society is willing to pay more to
prolong and improve the life of very ill patients, regardless of whether the interventions are
less cost-effective than those used in healthier patients.47-50 Nevertheless, based on our
analysis, the incremental cost-effectiveness ratio for omalizumab falls far outside the range
considered reasonable for all but the most severely ill patients.

A few limitations to this study deserve mention. Perhaps most notable is the fact that this
analysis is based on a model. The logistic and financial obstacles, however, to conducting a
clinical trial comparing omalizumab with placebo and comparing long-term costs and
outcomes would be difficult to surmount. A model-based approach permits the extrapolation
of costs and health effects beyond the time horizon of a single clinical study. Second, a
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model-based approach can be used to anticipate the results of new clinical investigations and
to guide clinicians and policymakers in judging the quality and interpreting the policy
relevance of the outcomes. In addition to relating biologic and clinical information, a model
can provide quantitative insight into the relative importance of different components of a
treatment strategy and investigate how results will change if values of key parameters are
affected. By identifying the most important sources of uncertainty, a model can also be used
to help prioritize and guide data collection efforts.

Another limitation of the Asthma Policy Model is that there might be concern that FEV1
percent predicted might not fully predict prognosis. Nevertheless, based on previously
analyses, we found that FEV1 percent predicted is associated with symptoms, acute
exacerbations, costs, and quality of life. In addition, using FEV1 percent predicted as an
asthma severity index has several advantages of objectivity and reproducibility and is an
underlying physiologic driver of clinical events. Furthermore, the rates of exacerbation
predicted in our model are lower than the rates in the clinical trials, likely because our model
predicts rates of exacerbation of a general population rather than a population in a
randomized control trial that is selected for being more sick; however, we addressed this
concern by examining the effect of changing our assumptions for the baseline exacerbation
rates for the population in sensitivity analyses. Moreover, we do not include indirect costs,
such as lost productivity, in our analysis. The Panel on Cost-Effectiveness in Health and
Medicine recommends not to do so. Instead, indirect costs are incorporated in the measure
of QALYs.

To summarize, omalizumab does not provide sufficient clinical benefit and resource savings
to justify its current price in a general population of patients with severe asthma. The
projected cost-effectiveness ratio might fall within an accepted value range for interventions
within the United States if the cost for omalizumab decreases significantly.

This analysis and the development of the model on which it is based were supported by the
National Heart, Lung, and Blood Institute. Although we gratefully acknowledge its support
and scientific advice, the agency played no significant role in the design or conduct of the
study. No limitations on publication were imposed, nor was any prepublication review
required.
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FIG 1.
Sensitivity analysis. This tornado diagram summarizes a series of 1-way sensitivity analyses.
Each horizontal bar represents a given model parameter. The vertical axis represents the
base-case scenario, as listed in Table II. The length and position of each horizontal bar
represents the range of cost-effectiveness outcomes produced by varying that specific
parameter over its plausible range, also listed in Table II.
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TABLE II

Base-case analysis over 10-year time horizon

Omalizumab + ICS

Asthma-related events (per person-year)

 Hospitalizations 0.31

 ED visits 0.46

 Urgent care visits 2.17

 Discounted QAM 80.01

Costs, discounted

 Chronic asthma cost without drug ($) 7300

 Acute asthma cost ($) 380

 Drug cost ($) 123,000

 Total cost ($) 131,000

Cost-effectiveness ratios*

 Cost per QALY gained ($/QALY) 821,000

 Cost per SFD gained ($/SFD) 120

SFD, Symptom-free day.

*
All cost-effectiveness ratios are incremental compared with the nextleast-costly, undominated alternative. Reported ratios might not be precisely

equal to the ratio of costs and effects because of rounding.
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