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INTRODUCTION
The proinflammatory cytokine

immunoglobulin E (IgE) is an impor-
tant mediator of allergic reactions and
propagates airway inflammation
(Fahy 2000). The use of agents that at-
tenuate the inflammatory actions of
IgE has emerged as an effective strat-
egy in the treatment of asthma. 

cated that treatment with omali-
zumab of patients with poorly con-
trolled moderate to severe asthma has
reduced exacerbations, improved
nocturnal and daytime symptoms,
and reduced the use of inhaled corti-
costeroids and beta2 agonists. The im-
provement in asthma control was as-
sociated with a decreased incidence of
asthma-related hospitalizations and
emergency department (ED) visits
(Busse 2001a, Solèr 2001, Corren
2003). Omalizumab-treated patients
also demonstrated a significant im-
provement in their daily functioning
and overall quality of life (Buhl 2002).
This paper briefly examines the ex-
tent to which attenuating the effects
of airway inflammation with omali-
zumab therapy improves manage-
ment of patients with a history of
moderate to severe asthma and
poorly controlled disease.

IgE and asthma 
pathophysiology

Asthma is recognized as a disease
with allergic triggers that are medi-
ated by IgE. High levels of IgE are as-
sociated with inflammation that is
typically observed in patients with
airway hyperresponsiveness (Bur-
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Targeted IgE Therapy for Patients 
With Moderate to Severe Asthma

One such agent is omalizumab,
which is a recombinant DNA-derived
humanized monoclonal antibody
that inhibits the binding of IgE to the
high-affinity IgE receptor (FcεRI) on
the surface of mast cells and basophils
and limits the release of mediators of
the allergic response. 

Pivotal clinical studies have indi-
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rows 1989) following exposure to a
variety of stimuli (Sears 1991, Sun-
yer 1996). Allergic airway inflamma-
tion is initiated when IgE antibodies
bound to FcεRI receptors on the sur-
faces of previously sensitized mast
cells or basophils are crosslinked by
allergens (Corne 1997,
Presta 1994). Allergen-IgE
crosslinking results in
mast-cell degranulation
and the release of a cas-
cade of inflammatory
mediators that initiate
mucus and edema forma-
tion, cellular infiltration,
and bronchospasm (Corne
1997). These events, in turn, lead to
expression of the classic symptoms
of asthma, including wheezing, cough-
ing, and dyspnea (Lemanske 1997).

The pathologic events associated
with IgE-mediated inflammation can
be attenuated by preventing the bind-
ing of IgE to effector cell membrane
receptors with anti-IgE monoclonal
antibodies such as omalizumab
(Busse 2001b, Corne 1997, Fahy
2000). Initial studies of omalizumab
in patients with mild asthma demon-
strated that blocking IgE reduced the
early bronchoconstrictor response to
inhaled allergens (Boulet 1997). Mac-

Glashan (1997) reported that omali-
zumab therapy produced a 99 per-
cent reduction in serum-free IgE lev-
els, a 97 percent reduction in the
density of IgE receptors on the surface
of basophils, and a reduction of more
than 95 percent in bound IgE found

on the surface of these ba-
sophils in asthmatic sub-
jects with dust mite aller-
gies. The reduction in
bound IgE and in the
number of receptors was
associated with an ap-
proximately 90 percent
reduction in allergen-
stimulated release of hist-

amine from basophils when stimu-
lated by the presence of specific
allergens.

Fahy (1997) reported that blocking
the effects of IgE suppressed both
early- and late-phase responses to in-
haled allergen. Specifically, anti-IgE
therapy reduced serum free IgE con-
centration, increased the dose of al-
lergen needed to provoke an early
asthmatic response, and reduced the
mean maximal decrease in forced ex-
piratory volume in 1 second (FEV

1
)

during both the early- and late-phase
responses.

Despite evidence to indicate that
omalizumab therapy produced a sig-
nificant reduction in circulating IgE
levels, caution should be exercised
when interpreting tissue responses
to interventions that reduce levels of
circulating marker. From sympto-
matic responses, it does appear logi-
cal that blocking IgE receptors on the
surface of circulating degranulating
target cells is specific and efficacious
for allergens. The existence of a cor-
relation between circulating blood ef-
fects with specific tissue responses
(e.g., lung tissue) remains to be deter-
mined, however. If this relationship

can be established, it may be possible
to develop an omalizumab delivery
mechanism that increases available
circulating time to partially increase
bioavailability to tissue targets. The
possibility of locally delivering a
greater dose of anti-IgE therapy may
have significant advantages, particu-
larly in patients with moderate to se-
vere asthma.

Efficacy and safety 
Most patients with asthma have

mild to moderate disease that is well
controlled with regular use of low-
dose inhaled corticosteroids and
beta2 receptor antagonists. Accord-
ing to the Asthma in America Sur-
vey (1988), however, approximately
19 percent of patients have more se-
vere disease. These individuals re-
main symptomatic and experience
frequent exacerbations despite the
chronic use of high-dose inhaled
corticosteroids.

Patients who fit this severity clas-
sification were selected to participate
in two multicenter, randomized, 
double-blind, placebo-controlled,
parallel-group, phase 3 trials that
were designed to assess the effect of
IgE blocking therapy with omali-
zumab on clinical outcomes, includ-
ing symptoms and effect on the num-
ber of exacerbations (Busse 2001a,
Solèr 2001).Symptomatic adolescent
and adult patients (ages 12–75 years)
with moderate to severe allergic
asthma were enrolled. The complete
eligibility criteria are listed in Table 1
on page 58.

Both studies consisted of a run-in
phase, steroid-stable phase, steroid-
reduction phase, and a double-blind
extension phase. During the run-in
phase and prior to randomization,
patients were switched from their
current inhaled corticosteroids to
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equivalent doses of beclomethasone
dipropionate (BDP) and stabilized on
this therapy. Omalizumab was ad-
ministered once or twice monthly via
subcutaneous injection, and the dose
was adjusted to pretreatment body
weight and total serum IgE. A total of
1,071 patients with poorly controlled,
moderate to severe asthma were en-
rolled in the trials. 

The primary endpoint of both tri-
als was the number of asthma exac-
erbations experienced per patient
during the steroid-stable and steroid-
reduction phases. An exacerbation
was defined as an episode that was
severe enough to necessitate either a
doubling of the baseline BDP dose or
a course of systemic corticosteroids,
based on the treating physician’s clin-
ical judgment following the patient’s
reporting criteria related to asthma
worsening.

This strict exacerbation definition
necessitates a comprehensive assess-
ment of asthma control in patients
symptomatic on existing asthma
therapies. Selected secondary out-
comes included corticosteroid re-
quirements, number and frequency
of symptoms, rescue-medication use,
lung function, and asthma-related
quality of life.

Patients with difficult-to-control,
moderate to severe asthma who were
treated with omalizumab experi-
enced significantly fewer asthma ex-
acerbations per subject compared
with patients who received placebo.
Additionally, exacerbations were re-
duced despite significant dose reduc-
tions of BDP during the steroid-
reduction phase of the trial. Steroid-
dose reduction was achieved without
precipitating asthma exacerbations,
aggravating symptoms, hindering
lung function, or increasing the use of
rescue medications. Omalizumab

also was effective in reducing symp-
toms, improving FEV1 and peak ex-
piratory flow, and enhancing asthma-
related quality of life (Busse 2001a,
Solèr 2001, Buhl 2002). Patients to
whom omalizumab was adminis-
tered also had fewer unscheduled out-
patient and ED visits and hospitaliza-
tions (Corren 2003). Pooled results of
the trials are presented in Table 2.

Omalizumab therapy also elicits
clinically significant improvements
in asthma-related quality of life as
measured by the widely used Juniper
Asthma Quality of Life Question-
naire (AQLQ), which reflects aspects
of the disease and treatment that are
of greatest importance to asthma pa-
tients (Juniper 1993). Omalizumab-
treated patients who were enrolled
in the phase 3 trials experienced
improvements that were observed
across all domains (Activities, Symp-
toms, Emotions, Environmental Stim-
uli) of the AQLQ (as measured by a
0.5-point change in the AQLQ score).
The benefits of omalizumab include
reduced symptom frequency and im-
proved activity limitation scores
(Buhl 2002). It is important for clini-
cians and policymakers to under-

stand that exacerbation reduction,
improvement in FEV1, and that im-
provement in symptom scores trans-
late into improved quality of life in a
substantial number of omalizumab-
treated patients.

Adverse events that were observed
in the pivotal phase 3 clinical trials
occurred with similar frequency in
both the omalizumab- and placebo-
treated groups, and no serious drug-
related adverse events were reported
(Busse 2001a, Solèr 2001). The most
serious drug-related adverse events
noted in all patients receiving omali-
zumab included anaphylaxis and ma-
lignancies.

Only three cases of anaphylaxis
have been reported, two of which oc-
curred during the first injection of
omalizumab and one of which oc-
curred at week 7 of the clinical trial.
No cases have been observed beyond
week 7. Each case occurred 90 min-
utes to 2 hours after administration of
omalizumab, was treated aggres-
sively, and had a favorable outcome.

Malignant neoplasms (excluding
nonmelanoma skin cancers) oc-
curred in 16 of 4,127 patients exposed
to the drug and 2 of 2,236 controls.
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TABLE 1 Eligibility criteria for inclusion in the pivotal phase 3 
clinical trials for omalizumab

Duration of asthma ≥1 year

Positive, immediate responses on skin-prick testing to at least one
common allergen

Total serum IgE level ≥30 IU/mL to ≤700 IU/mL

FEV1 reversibility of >12% within 30 minutes of administration,
90–180 mcg albuterol

Baseline FEV1 >40% and <80% of predicted

Treatment with 420–840 mcg/day of beclomethasone dipropionate
or its equivalent for ≥3 months prior to randomization

FEV1=forced expiratory volume in 1 second,IgE=immunolglobulin E.
SOURCES: BUSSE 2001a, SOLÈR 2001
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The majority of tumors occurred
within 6 months of treatment, and
nearly all were solid tumors. Given
that the solid tumors emerged so
shortly after the initiation of therapy,
it is highly unlikely that omalizumab
was a causative factor in these devel-
opments.

There is also no evidence of a dose
response in the occurrence of tu-
mors; high doses of omalizumab
were not more likely than lower doses
to be associated with malignancy, and
there was no evidence of a time-
dependent association with malig-
nancy. Data from the National Cancer
Institute SEER (Surveillance, Epi-
demiology, and End Results) database
indicate that the expected prevalence
of malignancy in the general popula-
tion through the course of 1 year is
approximately 5 percent; an inci-
dence rate identical to the prevalence

seen in omalizumab-treated patients
(Pickle 1999).

Interestingly, the control group
had an unexpectedly low incidence
of malignancy (much lower, in fact,
than would be expected in the general
population), whereas the omali-
zumab group had an incidence that
was identical to that expected in the
general population. Even with sub-
group analysis, such as the incidence
rate of breast cancer in the omali-
zumab group versus the general pop-
ulation, the incidence rate was iden-
tical. Thus, it appears highly unlikely
that omalizumab was responsible for
induction of the neoplasms, although
long-term studies will be undertaken
to further demonstrate its safety.

Asthma severity 
and resource utilization

Patients with poorly controlled

asthma consume a disproportionate
percentage of overall health care costs
compared with the majority of
asthma patients. This observation is
supported by a population-based
study of asthma patients who partic-
ipated in the National Medical Ex-
penditure Survey. In this study, only
20 percent of patients surveyed were
considered to have difficult-to-treat
asthma. Nonetheless, this small mi-
nority of patients generated more
than 80 percent of the total direct
costs associated with treatment of the
disease (Smith 1997). Further support
for the close relationship between
asthma severity and use of health care
resources comes from the Epidemi-
ology and Natural History of Asthma:
Outcomes and Treatment Regimens
(TENOR) study, which reported that
patients with severe and/or difficult-
to-treat asthma have the highest rate

TABLE 2 Pooled results of phase 3 omalizumab clinical trials 

Omalizumab Placebo Change relative
Outcome n=769 n=638 to placebo

Asthma exacerbations
Steroid stable 74* 143 ↓50%
Steroid reduction 100* 164 ↓40%

ICS dose reduction 83%* 50% ↑67%

100% ICS withdrawal 43%* 20% ↑115%

Albuterol use (puffs/day) 2.00* 3.67 ↓46%

Nocturnal symptom score 0.36* 0.83 ↓56%

ARQOL score 29%* 17% ↑71%

Health care utilization
Asthma hospitalizations 3*† 15 ↓83%
Asthma-related ED visits 8† 15 ↓56%
Urgent office visits 102*† 138 ↓39%

*P<.05 vs. placebo.
†Number of patients requiring health care services out of the total number of patients in either the omalizumab or

placebo groups.

AQLQ=Asthma Quality of Life Questionnaire, ICS=inhaled corticosteroids.

ADAPTED FROM BUHL 2002, BUSSE 2001a, CORREN 2003, SOLÈR 2001
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of health care utilization compared
with patients with mild asthma (Hay-
den 2002).

In addition, these patients have the
highest frequency of hospitalization
as well as a history of intubation, de-
spite above-average adherence rates
to medication regimens utilizing
multiple standard-of-care medica-
tions (Hayden 2002). These data sug-
gest that targeting the small cohort
of asthma patients who account for
the largest proportion of asthma care
costs is critical. Aggressive manage-
ment strategies incorporating con-
ventional therapy that is supple-
mented with new and innovative
therapies may have the potential to
reduce avoidable morbidity and, in
turn, decrease the economic burden
that these patients place on the health
care system.

No formal cost-effectiveness analy-
ses are yet available for omalizumab,
either in place of or in addition to
common asthma-management med-
ications such as inhaled cortico-
steroids. It is unlikely that this agent
will prove to be cost-effective if pre-
scribed for a broad population of
asthma patients. Because of its proven
ability to improve symptom control
and reduce exacerbations in patients
with difficult-to-treat disease, how-
ever, omalizumab has the potential
to be cost-effective if it reduces the
need for emergency or inpatient care,
a primary driver of the overall cost
of asthma care.

A post hoc analysis of three omali-
zumab clinical trials was conducted
to determine the benefits of IgE-
blocker therapy in 254 patients con-
sidered to be at high risk (defined as
having either a history of hospital-
ization or ED visit in the previous
year, or prior intubation for asthma)
(Holgate 2001). Results of the analy-

sis indicated that omalizumab re-
duced the asthma exacerbation rate
by 56 percent in these patients and
prevented exacerbations in approxi-
mately 17 out of every 100 patients
during the steroid-stable phase of the
trials. 

By comparison, the reduction in
asthma exacerbation rate for the en-
tire cohort of 1,412 patients with
moderate or severe allergic asthma
was 41 percent. The analysis also re-
vealed that 5.7 patients need to be
treated with omalizumab to main-
tain 1 patient exacerbation-free. Two
(4.5 percent) of 44 patients in the
omalizumab group and 6 (12 percent)
of 49 patients in the placebo group
who had a history of hospitalization
within the previous year were rehos-
pitalized (Holgate 2001).

Appropriate use of 
omalizumab therapy

Many patients with asthma achieve
reasonable symptom control with
combinations of inhaled cortico-
steroids, long-acting inhaled beta2 ag-
onists, leukotriene modifiers, or other
available agents. Yet asthma control
may be elusive in some patients with
moderate to severe disease, even
when therapy with traditional agents
is optimized. Omalizumab is indi-
cated for use in adults and adolescents
(≥12 years old) with moderate to se-
vere persistent asthma who have a
positive skin test or in vitro reactivity
to a perennial aeroallergen and whose
symptoms are inadequately con-
trolled with inhaled corticosteroids
(Xolair 2003).

Writing on behalf of an expert
panel that was convened to provide
recommendations on the integration
of IgE-blocker therapy into the Na-
tional Asthma Education and Pre-
vention Program guidelines (NAEPP

1997, 2002), Rosenwasser and Nash
(2003) suggested that due to the need
for subcutaneous administration,
cost, and narrow indication, omali-
zumab, while promising, should not
be used in large numbers of asthma
patients. Rather, its use should be tar-
geted toward patients who have
asthma with a documented allergic
component and who experience fre-
quent exacerbations, have a history
of high health care resource utiliza-
tion, and a poor record of adherence
to therapy, and in whom therapy may
be complicated by IgE-mediated co-
morbidities such as allergic rhinitis. 

Omalizumab also should be eval-
uated in the treatment of patients
who require unacceptably high doses
of oral or inhaled corticosteroids and
those who are suffering from steroid-
induced side effects. Other patients
who may benefit from omalizumab
therapy include those who require di-
rectly observable therapy due to a his-
tory of poor adherence that is com-
plicated by psychiatric disorders or
psychosocial problems, and those
with imperfect effort or poor tech-
nique that limits the effectiveness of
inhaled medications.

SUMMARY
Patients with poorly controlled

moderate to severe asthma may fail to
achieve optimal asthma control de-
spite use of multiple standard of care
medications. These patients experi-
ence persistent symptoms, frequent
exacerbations, reduced productivity,
and impaired quality of life. They also
account for the use of a dispropor-
tionate share of health care resources.
Omalizumab, the first IgE blocker ap-
proved for the treatment of moderate
to severe asthma, inhibits the devel-
opment of airway inflammation and
minimizes exacerbations, reduces
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symptoms, decreases asthma-related
hospitalizations and ED visits, and
improves asthma-related quality of
life. Omalizumab offers patients with
a history of poor asthma control a
new therapeutic option that can re-
duce the clinical and social burden of
asthma.

REFERENCES
Asthma in America Survey. Executive

Summary. 1988. Available at:
«http://www.asthmainamerica.com/
execsum_over.htm». Accessed June 4,
2004.

Boulet LP, Chapman KR, Cote J, et al. In-
hibitory effects of an anti-IgE anti-
body E25 on allergen-induced early
asthmatic response. Am J Respir Crit
Care Med. 1997;155:1835–1840.

Buhl R, Hanf G, Solèr M, et al. The anti-
IgE antibody omalizumab improves
asthma-related quality of life in pa-
tients with allergic asthma. Eur 
Respir J. 2002;20:1088–1094.

Burrows B, Martinez FD, Halonen M, et al.
Association of asthma with serum
IgE levels and skin-test reactivity to
allergens. N Engl J Med. 1989;
320:271–277.

Busse W. Anti-immunoglobulin E (omali-
zumab) therapy in allergic asthma.
Am J Respir Crit Care Med. 2001b;164:
S12–S17.

Busse W, Corren J, Lanier BQ, et al. Omal-
izumab, anti-IgE recombinant hu-
manized monoclonal antibody for
the treatment of severe allergic
asthma. J Allergy Clin Immunol.
2001a;108:184–190.

Corne J, Djukanovic R, Thomas L, et al.
The effect of intravenous administra-
tion of a chimeric anti-IgE antibody
on serum IgE levels in atopic subjects:
efficacy, safety, and pharmacokinet-
ics. J Clin Invest. 1997;99:879–887.

Corren J. Casale T, Deniz Y, Ashby M.
Omalizumab, a recombinant human-
ized anti-IgE antibody, reduces
asthma-related emergency room vis-
its and hospitalizations in patients
with allergic asthma. J Allergy Clin Im-
munol. 2003;111:87–90.

Fahy JV. Reducing IgE levels as a strategy
for the treatment of asthma. Clin Exp
Allergy. 2000;30(suppl 1):16–21.

Fahy JV, Fleming HE, Wong HH, et al. The
effect of an anti-IgE monoclonal anti-
body on the early- and late-phase re-
sponses to allergen inhalation in
asthmatic subjects. Am J Respir Crit
Care Med. 1997;155:1828–1834.

Hayden ML, Chipps BE, Dolan CM, et al.
Asthma control in patients with se-
vere or difficult-to-treat asthma. Am J
Crit Care Med. 2002;165:A119.

Holgate S, Bousquet J, Wenzel S, et al. 
Efficacy of omalizumab, an anti-
immunoglobulin E antibody, in pa-
tients with allergic asthma at high
risk of serious asthma-related mor-
bidity and mortality. Curr Med Res
Opin. 2001;17:233–240.

Juniper EF, Guyatt GH, Ferrie PJ, et al. Mea-
suring quality of life in asthma. Am
Rev Respir Dis. 1993;147:832–838.

Lemanske RF, Busse WW. Asthma. JAMA.
1997;278:1855–1873.

MacGlashan DW Jr, Bochner BS, Adelman
DC, et al. Down-regulation of Fc
(epsilon) RI expression on human ba-
sophils during in vivo treatment of
atopic patients with anti-IgE anti-
body. J Immunol. 1997;158:1438–
1445.

NAEPP (National Asthma Education and
Prevention Program). National Heart
Lung and Blood Institute, National
Asthma Education and Prevention
Program. Guidelines for the diagnosis
and management of asthma. Expert
Panel Report 2, Publication No. 97-
4051. Bethesda, Md.: U.S. Depart-
ment of Health and Human Services;
1997.

NAEPP. National Heart Lung and Blood
Institute, National Asthma Education
and Prevention Program Expert Panel
Report: Guidelines for the diagnosis
and management of asthma — up-
date on selected topics, 2002. J Allergy
Clin Immunol. 2002;110:S141–S183.

Pickle LW, Feuer EJ, Edwards BK. U.S. Pre-
dicted Cancer Incidence, 1999: Complete
Maps by County and State From Spatial
Projection Models. NCI Cancer Surveil-
lance Monograph Series, No. 5.
Bethesda, Md. 

Presta L, Shields R, O’Connell L, et al. The
binding site on human immunoglob-
ulin E for its high affinity receptor. 
J Biol Chem. 1994;269:68–77.

Rosenwasser LJ, Nash DB. Incorporating
omalizumab into asthma treatment
guidelines: consensus panel recom-
mendations. P&T. 2003;28:400–414.

Sears MR, Burrows B, Flannery EM, et al.
Relation between airway responsive-
ness and serum IgE in children with
asthma and in apparently normal
children. N Engl J Med. 1991;325:
1067–1071.

Smith DH, Malone DC, Lawson KA, et al.
A national estimate of the economic
costs of asthma. Am J Respir Crit Care
Med. 1997;156:787–793.

Solèr M, Matz J, Townley R, et al. The anti-
IgE antibody omalizumab reduces
exacerbations and steroid require-
ment in allergic asthmatics. Eur 
Respir J. 2001;18:254–261.

Sunyer J, Munoz A. Concentrations of
methacholine for bronchial respon-
siveness according to symptoms,
smoking, and immunoglobulin E in a
population-based study in Spain.
Spanish Group of the European
Asthma Study. Am J Respir Crit Care
Med. 1996;153:1273–1279.

Xolair (omalizumab) Prescribing Informa-
tion. Genentech Inc. and Novartis
Pharmaceutical Corp. 2003. Available
at: «http://www.gene.com/gene/
common/inc/pi/xolair.jsp». Accessed
June 3, 2004.


