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Background: Omalizumab has been shown to decrease the risk of hospitalization or ED visits in
patients with uncontrolled severe allergic asthma compared with placebo. This longitudinal study
observed the conditions under which omalizumab is prescribed in real-life settings and assessed
whether its use as an add-on therapy alongside standard treatments decreases the risk of severe
asthmatic exacerbations.
Methods: A cohort of adult patients with uncontrolled severe asthma despite optimal treatment
with inhaled and oral corticosteroids and a long-acting B,-agonist but no treatment with omali-
zumab upon entry was assembled. Risk of hospitalization or ED visits for asthma exacerbation
was assessed using the Andersen-Gill extension of the Cox model for repeated events, controlling
for age, sex, smoking history, BMI, gastroesophageal reflux, allergic status, allergic rhinitis,
treatment, and hospitalization or ED visits for asthma in the 2 months prior to omalizumab
treatment.
Results: Overall, 163 physicians recruited 767 patients, of whom 374 took omalizumab at least
once (mean observation period, 20.4 months). Omalizumab use was associated with an adjusted
relative risk of 0.57 (95% CI, 0.43-0.78) for hospitalization or ED visits for asthma. In users of
omalizumab, the adjusted relative risk of hospitalization or ED visits for asthma during omali-
zumab treatment vs nontreatment periods was 0.40 (95% CI, 0.28-0.58).
Conclusions: Add-on omalizumab is associated with a significantly decreased risk of hospitaliza-
tion or ED visits in patients with uncontrolled severe asthma in real-life practice.
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Abbreviations: AHR = adjusted hazard ratio; ICS = inhaled corticosteroid; LABA = long-acting B,-agonist; LTRA = leu-
kotriene receptor antagonist

of health-care resources. An increase from medium
to high doses of ICSs provides relatively little addi-
tional benefit.> Moreover, adding oral glucocorticoster-
oids is associated with severe side effects. Alternative
treatments, therefore, are necessary.

Evidence indicates that 50% to 80% of difficult-to-

Asthma affects 300 million people worldwide,
accounting for one in 250 deaths and 15 million
disability-adjusted life years lost annually.’2 Up to 5%
of adult patients have persistent symptoms and fre-
quent exacerbations despite treatment with medium- to
high-dose inhaled corticosteroids (ICSs) plus a long-

acting B,-agonist (LABA).3# Potential consequences
of uncontrolled disease in this patient subgroup, includ-
ing fatal or near-fatal asthma exacerbations, represent
an unmet clinical need with a disproportionate use
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treat patients have an allergic component, with IgE
playing a key role in triggering and maintaining allergic
airway inflammation.5¥ Omalizumab, a recombinant
monoclonal anti-IgE antibody, has demonstrated
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efficacy in clinical trials conducted in patients with
moderate to severe and severe persistent allergic
(IgE-mediated) asthma, reducing the risk of exacer-
bations, hospitalization, and ED visits.5!° The Euro-
pean Medicines Agency approved omalizumab for
the treatment of inadequately controlled severe per-
sistent allergic asthma despite the use of high-dose
ICS plus LABA.* Omalizumab was granted prescrip-
tion coverage by the national health insurance in
France in 2006 for this indication provided that the
manufacturer conducted an independent postmar-
keting usage and real-life effects study. Herein, we
report the observations of the conditions under which
omalizumab was prescribed and assess whether the
real-life use of omalizumab would result in a decreased
risk of severe asthma exacerbations as estimated by
the number of asthmatic episodes requiring hospi-
talization or ED visits.

A cohort of patients with severe uncontrolled asthma
free of omalizumab treatment at entry was histori-
cally assembled and described before and after mar-
keting omalizumab. Physicians were free to prescribe
drugs that they considered appropriate for their
patients. Therefore, the effect of omalizumab treat-
ment was observed under natural conditions by com-
paring the experience of patients before and after
initiation of omalizumab in addition to that of patients
whose asthma was uncontrolled despite the use of
ICS plus LABA and no treatment with omalizamab.

Manuscript received June 1, 2012; revision accepted October 1,
2012.
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MATERIALS AND METHODS

Centers and Participants

All French physicians recorded as pulmonologists were first
invited by letter to participate in the study during June 2007; sub-
sequent approaches were made by telephone. Participating pul-
monologists identified all consenting patients aged =18 years
with uncontrolled severe asthma and followed by the investigator
for at least 1 year prior to identification. Asthma was considered
uncontrolled if exacerbations had occurred in the previous year
despite treatment with 1,000 g beclomethasone equivalent, one
LABA, and at least one of the following: (1) 5 mg prednisone
equivalent per day for at least 6 months; (2) at least three courses
of oral corticosteroids over 1 year; or (3) two courses of oral corti-
costeroids over 1 year, with at least one recent FEV, measure-
ment <80% predicted or personal best.

Entry into the cohort was set at 10 months before patient identi-
fication. Any patient who received omalizamab on or 2 months
prior to that date were excluded. Patients were also excluded if
unable to communicate or had a history of aspergillosis or Churg-
Strauss syndrome. Participants were followed until the end of the
study or loss to follow-up.

The study protocol was submitted to the Ethical Review Com-
mittee of Paris-Ile de France III (Comité de Protection des
Personnes Ile de France I1I) and approved by the French Data
Protection Authority (Commission Nationale de I'Informatique et
des Libertés). All participants signed an informed consent form.

Collected Information

Patients were described according to the following risk factors:
sex, age, BMI, history of asthma, smoking (current, past, or never),
allergic rhinitis, urticaria, angioedema, allergy to drugs, gastro-
esophageal reflux, presence of chronic comorbid conditions, and
allergies. Allergies were ascertained further by results from skin
and serologic tests reported in the medical charts and were
recorded as certain when a perennial aeroallergen or a specific
IgE was recorded as positive, absent (nonallergic) when both
were recorded as negative, and uncertain in all other instances.
Circulating serum IgE levels were also reported.

To minimize observation bias, all data on drug exposure and
outcomes (hospitalization and ED visits) were obtained by clinical
research associates within the research team and independent of
the investigator. The clinical research associates extracted this infor-
mation through a medical chart review conducted on site. Several
visits were necessary for centers with large patient recruitment.

The prescribed medicines were listed with the corresponding
dates of prescription or renewal, dosage, and eventual dates of
discontinuation. For omalizumab, motives for discontinuation
were classified into adverse event occurrence, clinical improve-
ment, patient preference, and none. Adverse drug reactions were
recorded, and serious or severe adverse drug reactions were expe-
ditiously reported.!" All visits to EDs or hospitalization episodes
(with corresponding dates and duration) were recorded for the
year before and during the prospective follow-up period.

Statistical Analysis

Population Exposure Times: Population exposure times were
calculated by adding the individual contributions to the cohort
and were expressed in person-years (overall observation period
from entry to end of follow-up). Population exposure times were
categorized according to patients’ exposure status into active
omalizumab time, definite nonomalizumab time, and indeterminate
exposure time. Active omalizumab time was defined from 60 days
after the start of the first prescription (with time lag allowed to
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ensure induction of the drug), followed by a period covered by
successive prescriptions until 60 days following eventual drug dis-
continuation (accounting for residual drug effects).!2 Prescriptions
were considered successive if <1 month apart. If >1 month
elapsed between a prescription and its renewal, the drug was con-
sidered discontinued. If omalizumab was prescribed again at a
later date, it was considered a new start. The omalizumab induc-
tion time-lag period of 60 days after any new start was considered
an indeterminate exposure time. The 60-day period following the
60 days of omalizumab’s residual effect time was considered a wash-
out period and classified as indeterminate exposure time. The def-
inite nonomalizumab time accounted for all the time without
active omalizumab or indeterminate exposure status. The 2 months
preceding the period of observation characterized the cohort at
entry. Similarly, the 2 months before each change in the drug
exposure status (active omalizumab or definite nonomalizamab)
were used to characterize the status of risk factors applying to the
new exposure status. Severe exacerbation was defined as an exac-
erbation requiring ED visits or hospitalization; severe exacerba-
tion rates were estimated according to omalizumab exposure by
dividing the number of asthmatic episodes requiring ED visits or
hospitalization episodes by the population time accumulated in
the category considered. Rates were estimated for the whole
observational period and preidentification and postidentification
follow-up periods separately. ED visits or hospitalization episodes
separated by <14 days were considered single events.

Sample Size Calculations: Patients with no subsequent visits
after giving consent (ie, no follow-up) were described and com-
pared with followed-up patients through risk factor analysis, using
Student ¢ test for continuous variables and Pearson x?2 test for cat-
egorical variables. Such tests compared patients who eventually
started treatment with omalizumab during the follow-up period
with those who did not. The propensity to be prescribed omalizumab
was assessed by logistic regression where omalizumab prescrip-
tion (yes, no) was the predicted variable and the predictive vari-
ables were year of initiation and factors associated with omalizumab
use and severe exacerbation episodes in univariate analysis, such
as age, sex, smoking history, BMI, gastroesophageal reflux, allergic
status, use of oral corticosteroids or leukotriene receptor antago-
nists (LTRAs), and severe exacerbation episodes in the 2 months
preceding the beginning of any new exposure status.

Relative hazards for omalizumab exposure were estimated
using the Andersen-Gill extension of the Cox model, allowing for
repeated events.!® Nonadjusted hazard ratios were estimated as
well as hazard ratios adjusted for the propensity score as described.

Rates of hospitalization or ED visits during periods with and
without omalizamab were analyzed exclusively for patients treated
with omalizumab at least once during follow-up. To further
explore potential characteristics to be associated with a positive
outcome, we stratified patients according to who would be consid-
ered a best candidate for omalizumab. Analyses were then con-
ducted for those with and without confirmed allergic status; with
and without use of oral corticosteroids at entry; and with and with-
out allergic rhinitis, angioedema, urticaria, or allergy to drugs.
Additional analyses explored the effects of factors associated with
omalizamab use and exacerbation risk. One analysis matched sex
and age (= 3 years), and other analyses were conducted separately
in patients with and without allergic rhinitis, LTRA use, or gastro-
esophageal reflux. Finally, sensitivity analyses were performed with
various methods to estimate adjusted relative hazards, including
factors individually rather than through a propensity score, using
the Prentice-Williams-T extension of the Cox model with gap
time for repeated events instead of the Andersen-Gill extension.
An intention-to-treat analysis based on initial omalizumab expo-
sure considered patients who had discontinued omalizumab but
were still exposed throughout the entire follow-up period. The
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study sample size was set so that a difference in the yearly rates of
exacerbations of 30% against 20% in the periods of omalizumab
use and nonuse, respectively, could be detected with 95% confidence
(ie, for two-sided 5% type 1 error) and 80% power. These exacerba-
tion rates were based on data from previously published trials.1*16
A minimum of 300 person-years both in the active omalizumab
and definite nonomalizumab categories of exposure was required
to accomplish this objective. Statistical analysis was performed
using the SAS, version 9.1 (SAS Institute Inc) statistical software.

REsULTS

Of the 2,692 pulmonologists invited to participate,
163 (6%) agreed by including at least one patient.
Participating pulmonologists were spread throughout
the territory; 54% were hospital practitioners, and
41% were professionals in private practice. Overall,
982 patients with uncontrolled severe asthma were
identified, of whom 828 (84%) were eligible and willing
to participate in the study. The remaining noneligible
patients withdrew their consent (n = 10), were not
free of omalizumab use in the 2 months preceding
entry (n = 129), did not meet other eligibility criteria
(n=>5), or emerged from centers unable to accom-
modate the onsite visits (n = 10). Table 1 summarizes
the characteristics of the cohort participants. Excluded
omalizamab users compared with participants for all
the risk factors listed in Table 1 except female sex
(77% excluded vs 64% included, P <.01). No reason
was found to explain this difference.

Among the patients meeting the eligibility criteria,
767 (92.6%) were seen at least once after giving consent,
and 61 (7.4%) were lost to follow-up. Overall, patients
with follow-up did not appear to differ significantly from
those without follow-up on any of the risk factors stud-
ied except for the distribution across age categories.
Patients who were followed up were older, and a higher
proportion was taking omalizumab. Patients without
follow-up were not considered for the main analysis. The
767 studied patients accumulated 1,281.5 person-years
of observation (mean, 1.67 years each) plus 127.8 person-
years for the 2 months preceding entry into the
cohort, 639.2 person-years for the period before
identification (10 mo/patient) and 642.3 person-years
thereafter (mean, 10.4 months). Regarding the expo-
sure status, 298.9 person-years were classified as active
omalizumab time, 909.7 person-years as definite non-
omalizumab time, and 72.9 person-years as indeter-
minate exposure time.

A total of 445 severe exacerbations occurred during
the entire follow-up period (360 hospitalizations and/or
106 ED visits), with a mean rate of severe exacerba-
tions of 30.6 per 100 person-years. The strongest pre-
dictor of severe exacerbation (Table 2) was either
previous hospitalization for asthma (adjusted hazard
ratio [AHR], 2.73; 95% CI, 2.00-3.73) or previous
ED visit for asthma (AHR, 1.92; 95% CI, 1.11-3.31).
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Table 1—Characteristics of Cohort Participants

Variable Lost to Follow-up (n=61) Followed Up (n=767) P Value
Female sex 40 (66) 485 (63) 72
Age,y 51.0%15.8 54.4+15.6 10

18-40 19 (31) 143 (19) .04

41-60 28 (46) 366 (48)

>60 14 (23) 258 (34)
Nonsmoker 41 (67) 509 (66) .89
BMI =30 kg/m? 16 (26) 181 (24) 11
Specific allergy 44 (72) 486 (68) .30
Total circulating IgE, TU/mL .19

0-30 1(2) 59 (8)

30-700 28 (47) 403 (53)

700-1,000 2(3) 30 (4)

=1,000 5(8) 62 (8)

Not reported 23 (39) 203 (27)
Comorbid conditions

Allergic rhinitis 41 (67) 426 (56) .09

Angioedema 6 (10) 71 (9) .89

Urticaria 7(11) 119 (16) 40

Allergy to drugs 9(9) 184 (24) .09

Gastroesophageal reflux 22 (36) 287 (38) .82
Severe exacerbations 3(4.9) 74 (9.7) 29
Duration of asthma, y 25.6 +16.0 27.3+17.1 44
Medication at start

1CS 60 (98) 751 (98) 81

LABA mimetic 59 (97) 746 (97) .80

Oral corticosteroid 23 (37.7) 309 (40.3) .69

Omalizumab 14 (23) 284 (37) .03

LTRA 33 (54.1) 365 (47.6) .33

Other 18 (30) 265 (35) 42

Data are presented as No. (%) or mean = SD. ICS = inhaled corticosteroid; LABA = long-acting B,-agonist; LTRA = leukotriene receptor

antagonist.

Other significant factors were younger age and gas-
troesophageal reflux history.

Of the 767 participants, 393 (51.9%) were never
prescribed omalizumab, whereas 374 (48.1%) were
prescribed omalizamab. Among these 767 patients
with severe uncontrolled asthma, 163 (21.3%) took
5 mg prednisone equivalent per day for at least
6 months, 342 (44.6%) took at least three courses of
oral corticosteroids over 1 year, and 336 (43.8%) took
two courses of oral corticosteroids over 1 year, with
at least one recent FEV, measurement <80% predicted
or personal best. Among participating pulmonologists,
34 (20.8%) never prescribed omalizumab. Active omal-
izumab time accumulated 298.9 person-years, that is,
24.7% of the active time in the cohort.

Skin and serologic tests used to diagnose allergy
were reported in 81.6% and 63.1%, respectively, of
the 767 participants. Allergies were ascertained as
certain in 486 (63.5%), absent (nonallergic) in 101
(13.2%), and uncertain in 178 (23.3%). IgE values were
missing in some instances, particularly for patients not
treated with omalizumab, because monitoring of this
parameter was not mandatory for such patients. For
patients treated at least once with omalizumab, titra-
tion of IgE was missing in just 4% (Table 3). Patients

journal.publications.chestnet.org

receiving omalizumab were more frequently confirmed
as allergic compared with nonusers (Table 3), with
94% showing total circulating IgE levels at =30 IU/mL
(against 39% of nonusers); equally, patients receiving
omalizumab experienced allergic rhinitis more often
(confirmed by LTRA treatment). Patients receiving
omalizumab were also significantly younger (49.7 =
14.6 years vs 58.8 = 15.2 years) and more likely to be
former smokers. Users and nonusers did not differ on
other variables, and notably, assessment of asthma
showed a similar severity and lifetime duration pro-
file between the two groups.

Among the 374 patients taking omalizumab, 61
(16.3%) eventually stopped completely during follow-up
because of lack of efficacy (18 [4.8%]), adverse event
occurrence (14 [3.7%]), clinical improvement (8 [2.1%]),
and patient preference or other reason (20 [5.3%]),
and the motive was not reported for one patient
(0.3%). Three deaths occurred during follow-up (none
of which in patients exposed to omalizumab).

Table 4 shows the rates of severe exacerbations
according to exposure to omalizumab. These account
for 909.7 per 100 person-years in the absence of
omalizumab treatment and 298.9 per 100 person-
years during its active use. Hospitalization rates among
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Table 2—Rates and Risk Factors for Severe
Exacerbations (Hospitalization and/or ED Visits)

(n=445)
Rate per 100 Adjusted Rate

Variable Person-y Ratio (95% CI)
Sex

Female 324 1.14 (0.90-1.44):

Male 26.6 Reference
Age,y

18-40 35.0 1.50 (1.03-2.20)2

41-60 31.0 1.22 (0.93-1.61):

=61 26.7 Reference
Smoking

Current 42.6 1.25 (0.87-1.81)2

Past 29.6 1.08 (0.82-1.43):

Never 28.7 Reference
BMI, kg/m?

=30 37.8 1.09 (0.82-1.43)2

>25-29 24.2 0.80 (0.61-1.06)2

=25 30.5 Reference
Specific allergy

Certain 28.0 0.99 (0.70-1.38)>

Uncertain 30.5 0.88 (0.61-1.25)b

No 40.8 Reference
Comorbid conditions of interest

Allergic rhinitis, angioedema, 28.0 0.75 (0.58-0.97)b

urticaria, or allergy to drugs

Gastroesophageal reflux 40.0 1.48 (1.18-1.85)b
Recente severe exacerbation 83.1 2.68 (1.98-3.63)

Previous hospitalization 90.4 2.73 (2.00-3.73)b

Previous ED visit 73.9 1.92 (1.11-3.31)b
Recent! medication

Oral corticosteroid 412 1.28 (0.99-1.64)>

LTRA 26.9 0.81 (0.64-1.02)b

See Table 1 legend for expansion of abbreviation.
sAgainst reference.

bCategorical variable yes vs no.

<Hospitalization or ED visits.

dIn the 2 mo before entry.

participants were 33.4 and 20.8 per 100 person-years
during nonuse and use of omalizumab, respectively.
The AHR for all risk factors considered was 0.57
(95% CI, 0.43-0.78), which was very similar to the
unadjusted hazard ratio (0.56).

When only patients who used omalizamab at least
once were considered, the rate of severe exacerba-
tions dropped from 32.3 per 100 person-years in the
absence of use (definite nonomalizumab time) to 20.8
per 100 person-years during use (active omalizumab
time) (AHR, 0.40; 95% CI, 0.28-0.58). When Only
allergic patients were retained, the rate of severe
exacerbations was 28 per 100 person-years overall,
with 31.9 and 20.2 per 100 person-years during the
definite nonomalizumab and active omalizumab times,
respectively (AHR, 0.53; 95% CI, 0.39-0.75). When
only patients treated with oral corticosteroids at entry
were retained, the rate of severe exacerbations was
associated with an AHR of 0.76 (95% CI, 0.48-1.21)
vs an AHR of 0.46 (95% CI, 0.31-0.68) for those
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without oral corticosteroids at entry. Further, when
only patients with allergic rhinitis, angioedema, urti-
caria, or allergy to drugs were retained, the rate of
severe exacerbations was associated with an AHR of
0.60 (95% CI, 0.42-0.84) vs an AHR of 0.46 (95% CI,
0.25-0.91) for those without any of these allergies.

In the sensitivity analyses, AHRs were (1) 0.62
(model using individual risk factors), (2) 0.66 (Prentice-
Williams-T model), (3) 0.45 (study matched on sex
and age), (4) 0.65 (intention-to-treat analysis), (5) 0.42
(LTRA users), (6) 0.71 (LTRA nonusers); (7) 0.55
(patients with allergic rhinitis), and (8) 0.58 (patients
with gastroesophageal reflux). Cls varied according
to the size of the subgroups (data not shown).

The rate of oral corticosteroids courses was 73.8 and
49.2 per 100 patient-years in the absence of and during
omalizumab use, respectively (P =.0001). The impact
on the number of dose increases (> 20 mg over base-
line) for continuous use of oral corticosteroids was not
significant (nonusers, 9.1 per 100 person-years; during
omalizumab, 7.3 per 100 person-years; P = .36).

Di1scussioN

Omalizumab has proven effective in double-blind
placebo-controlled trials.'” We believe that this is the
first study to assess the real-life impact of omalizamab
in severe asthmatic exacerbations requiring hospitali-
zation or ED visits in patients with severe uncontrolled
asthma. The use of add-on omalizumab in such patients
is statistically and clinically significant, decreasing
the relative rate of severe episodes between 40% and
65% compared with nonuse of the drug. Of particular
note, the rate of asthma exacerbations diminishes
dramatically (60%) in patients prescribed omalizumab
at least once compared with before and after treat-
ment periods. Such improvement is very unlikely
to be explained by confounding factors because the
same patients were involved, and any status change
before prescription was controlled for. The fact that
similar rates of hospitalization (circa 30 per 100 person-
years) were observed in patients not taking omali-
zumab andin those who had never taken omalizumab
is also reassuring.

The magnitude of risk reduction found in this real-
life study was similar to results from clinical trials,516
where the addition of omalizumab to standard asthma
therapy showed a decreased risk of asthma exacerba-
tions at the end of both stable and adjustable steroid
phases. It has also been reported that hospitalizations
for asthma exacerbations favored omalizumab (3.0%
vs 7.4%) over periods where omalizumab was not
used.’” Both clinical trials reported a significant corti-
costeroid-sparing effect of omalizumab,'5'6 a finding
that is similar to the rates found in the present real-life
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Table 3—Comparison Between Patients Who Eventually Received Omalizumab and Those Who Did Not With the
Corresponding Propensity

Omalizumab Not Omalizumab Used at Propensity to Use

Variable Used (n =393) Least Once (n = 374) Omalizumabsb
Sex

Female 63 63 1.18 (0.87-1.61)¢

Male 37 37 Reference
Age.y 58.8%15.2 49.7+146 <.001

18-40 11 26 2.93 (1.88-4.54¢

41-60 45 51 1.93 (1.41-2.64)¢

=61 44 23 Reference
Smoking

Current 9 12 1.14 (0.70-1.86)¢

Past 21 27 1.60 (1.12-2.28)¢

Never 71 61 Reference
BMI, kg/m? 26.3*+6.3 26.7*+6.1 31

=30 24 24 1.12 (0.78-1.60)¢

>25-29 28 29 1.20 (0.86-1.68)¢

=25 48 47 Reference
Specific allergy

Certain 45 84 5.30 (3.40-8.25)¢

Uncertain 35 10 1.07 (0.66-1.74)c

No 20 6 Reference
Total IgE, IU/mL 326 + 587 531 +974 <.001

Not done 48 4

0-30 13 2

30-700 33 75

700-1000 1 7

=1,000 5 12
Comorbid conditions of interest

Allergic rhinitis, angioedema, urticaria, or drug allergy 57 81 2.0 (1.46-2.74)d

Gastroesophageal reflux 38 37 0.88 (0.65-1.18)d
Medications®

1CS 97 99 NCV

LABA mimetic 96 98 NCV

Oral corticosteroid 24 27 1.20 (0.78-1.87)d

LTRA 36 56 1.67 (1.18-2.36)¢
Recent severe exacerbation! 6.6 7.5 0.88 (0.48-1.64)¢
Asthma duration, y 28.2+18.1 26.5+15.9 .50

Data are presented as % or mean * SD, unless otherwise indicated. NCV = not converged. See Table 1 legend for expansion of other
abbreviations.

“Data are presented as adjusted OR (95% CI) or P value.

"ORs adjusted for all the risk factors listed in the table.

cAgainst reference.

dCategorical variable yes vs no.

*Medication taken in the initial 2-mo observation period or return to nonomalizumab use; medication in the 2 mo preceding omalizumab use.
Hospitalization or ED visits in the 2 mo preceding exposure status.

study in the absence of or during omalizumab use (73.8
vs 49.2 per 100 persons-years, respectively; P <<.001).
Chance is an unlikely factor because the 95% CI
upper bound around the main result is 0.74. We also
explored whether a regression to the mean could
explain the findings, and experiencing a recent severe
asthmatic exacerbation was not associated with pre-
scribing omalizumab. Instead, a placebo effect is
likely to have occurred because patients treated with
omalizumab are closely monitored while under treat-
ment. This is partly desirable, with compliance and
fine-tuning of treatments being relevant goals to
managing this debilitating disease. Despite a low rate
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of discontinuation because of inefficacy, patients main-
tained on treatment were likely to be responders.
The two phenomena may explain why the observed
effect seems stronger than that observed against
placebo in pivotal studies (30% annual risk vs circa
20% in the present study).'>” None of the risk factors
associated with omalizumab use decreased the risk
for hospitalization or ED visits.

As expected, omalizumab users were more likely to
be allergic. Similar results were found when allergy
was controlled for in the analysis.

Today, there are neither clinical nor biologic
markers to predict the success or failure of add-on
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Table 4—Rates and AHRs of Severe Exacerbations Following Exposure or Not to Omalizumab

Rate per 100 Person-y

\
Variable Total

Absence of Omalizumab

During Omalizumab Use UHR= AHRY (95% CI)

Hospitalization and ED visit
Entire cohort (n =767, 1,208 person-y) 30.6 33.4
In users of omalizumab at least once 26.2 32.3

(n =374, 564.9 person-y) during
omalizumab use (298.9 person-y) and
in the absence of omalizumab use
(265.9 person-y)

Allergic patients only (n = 486, 28.0 31.9

750 person-y)

Use of oral corticosteroids (entire cohort) 73.8

20.8 0.56 0.57 (0.43-0.78)
20.8 0.53 0.40 (0.28-0.58)
20.2 0.50 0.53 (0.39-0.75)
49.2 P<.001

AHR = adjusted hazard ratio; UHR = unadjusted hazard ratio. See Table 1 legend for expansion of other abbreviation.

*Cox proportional hazard model.

"Andersen-Gill extension of the Cox proportional hazard model for correlated data, adjusted with a propensity score for age, sex, smoking history,
BMI, gastroesophageal reflux, allergic status, allergic rhinitis, use of oral corticosteroids or LTRAs, and recent severe exacerbations.

omalizumab in patients for whom the drug is indi-
cated (ie, patients whose asthma is severe and treated
at most by conventional drugs). It appears that
allergic asthma or condition comorbidities, such as
allergic rhinitis, urticaria, angioedema, or drug allergy,
do not seem to modify the association between omal-
izumab and the outcome compared with the general
result (AHR, 0.53 and 0.60, respectively, vs 0.57).
However, it seems that patients treated with oral cor-
ticosteroids at entry are unlikely to respond as well to
omalizumab compared with the general result (AHR,
0.76 vs 0.57).

Observation bias was minimized by the indepen-
dent collection of data. Physicians were blinded to
the drug being studied throughout the period of iden-
tification. Therefore, there should be no particular
reason why physicians record less-severe exacerba-
tions in omalizumab users. The opposite usually occurs
after starting a new treatment. The historical collec-
tion of data, with results close to that of the pro-
spective follow-up period, excludes a desirability bias
toward omalizumab.

A reduction in the rate of asthma exacerbations
was observed for the pivotal study with omalizamab
in severe uncontrolled asthma. However, an imbal-
ance in severity found between the treatment and the
placebo arms occurred by chance at randomization,
requiring a multivariate modeling or subgroup analysis
to generate a conclusion. Regulatory authorities were
concerned that in day-to-day practice, omalizumab
would ultimately replace conventional treatments,
with accordingly higher costs and undetermined ben-
efit as a result. The present study alleviates these con-
cerns given that it demonstrates that omalizumab is
indicated as an add-on therapy and not as a substitute
for the treatment of chronic asthma. In conclusion,
real-life use of omalizumab is associated with a signif-
icantly decreased risk of severe exacerbation requiring
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hospitalization or ED visits in patients with uncon-
trolled severe asthma.

ACKNOWLEDGMENTS

Author contributions: Dr Grimaldi-Bensouda and Prof Abenhaim
had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.
Dr Grimaldi-Bensouda: contributed to the conception of the
research theme, conception and design of the study, statistical
analysis, writing of the manuscript, and approval of the final
manuscript.

Dr Zureik: contributed to the conception of the research theme,
conception and design of the study, statistical analysis, and approval
of the final manuscript.

Prof Aubier: contributed to the conception of the research theme,
conception and design of the study, statistical analysis, and approval
of the final manuscript.

Prof Humbert: contributed to the conception of the research
theme, conception and design of the study, and approval of the
final manuscript.

Dr Levy: contributed to the conception of the research theme,
conception and design of the study, and approval of the final
manuscript.

Prof Benichou: contributed to the conception of the research
theme, conception and design of the study, statistical analysis, and
approval of the final manuscript.

Prof Molimard: contributed to the conception of the research
theme, conception and design of the study, statistical analysis,
writing of the manuscript, and approval of the final manuscript.
Prof Abenhaim: contributed to the conception of the research
theme, conception and design of the study, statistical analysis,
writing of the manuscript, and approval of the final manuscript.
Financial/nonfinancial disclosures: The authors have reported
to CHEST the following conflicts of interest: Dr Grimaldi-Bensouda
was the recipient of a research fellowship from INSERM (French
National Institutes of Health and Medical Research) at the time
of the study and is currently employed by LA-SER. Dr Zureik has
received funds for research from Novartis Pharma SAS and fees
for consulting from LA-SER. Prof Aubier has received fees for
consultancy from AstraZeneca, Novartis Pharma SAS, and Pfizer,
Inc, as well as a research grant from Nycomed (now Takeda
Pharmaceuticals International GmbH). Prof Humbert has received
reimbursement for attending symposia, fees for speaking and
organizing education and research, funds for a member of his
staff, and fees for consulting from the following companies: Actelion
Pharmaceuticals Ltd; Aerocrine; AstraZeneca; Bayer AG; Chiesi
Farmaceutici SpA; GlaxoSmithKline ple; Eli Lilly and Company;

Original Research

Downloaded From: http://journal.publications.chestnet.org/ by a I nstituto Superiore di Sanit User on 03/19/2013



Merck & Co, Inc; Mundipharma International; Novartis Pharma
SAS; Nycomed (now Takeda Pharmaceuticals International
GmbH); Pfizer, Inc; Stallergenes S.A.; Takeda Pharmaceuticals
International GmbH; Teva Pharmaceuticals Industries, Ltd; and
United Therapeutics Corporation. In addition to being an investi-
gator in trials involving these companies, Prof Humbert’s relation-
ships include consultancy services and membership on scientific
advisory boards. Prof Molimard is a consultant and participated at
advisory board meetings organized by Novartis Pharma SAS; Bristol-
Myers Squibb Company; GlaxoSmithKline plc; Merck Serono SA;
Pfizer, Inc; and Stallergenes S.A. Prof Abenhaim is a stock owner
and chairman of LA-SER. Besides reimbursement for attending
symposia, Prof Abenhaim has received fees for speaking and
research, funds for a member of his staff, and fees for consulting
from the following pharmaceutical companies marketing drugs
used for the treatment of patients with asthma: AstraZeneca;
GlaxoSmithKline ple; Merck Sharp & Dohme Corp; Pfizer, Inc;
and Sanofi (formerly named Sanofi-Aventis). LA-SER is an inde-
pendent research organization. Employees of LA-SER have no
interest in any of the drugs or other factors studied. Dr Levy and
Prof Benichou have reported that no potential conflicts of interest
exist with any companies/organizations whose products or services
may be discussed in this article.

Role of sponsors: The Pharmacoepidemiology of Asthma and
Xolair (PAX) study was sponsored by LA-SER and funded by an
unrestricted grant from Novartis Pharma SAS. The funder had no
input into the design, management, data collection, analyses, inter-
Fretation, and writing of the manuscript or in the decision to pub-
ish the study findings. The study was undertaken and oversight
given by an international scientific board whose members are coau-
thors or belong to the PAX Group.

Other contributions: We thank the PAX study group contrib-
uting members who collected the data and Ramez Sabah, CD, MPH
for operational support. This work was coordinated by Dr Grimaldi-
Bensouda from LA-SER and conducted at pulmonology centers
across continental France.

Additional information: The e-Appendix can be found in the
“Supplemental Materials” section of the online article.

REFERENCES

1. Masoli M, Fabian D, Holt S, Beasley R; Global Initiative
for Asthma (GINA) Program. The global burden of asthma:
executive summary of the GINA Dissemination Committee
report. Allergy. 2004;59(5):469-478.

2. World Health Organization. The World Health Report 2002:
Reducing Risks, Promoting Healthy Life. Geneva, Switzerland:
World Health Organization; 2002.

3. American Thoracic Society. Proceedings of the ATS workshop
on refractory asthma: current understanding, recommenda-
tions, and unanswered questions. Am | Respir Crit Care Med.
2000;162(6):2341-2351.

journal.publications.chestnet.org

4.

6.

10.

11.

12.

13.

14.

15.

16.

17.

GINA report: global strategy for asthma management and
prevention. Global Initiative for Asthma website. http:/www.
ginasthma.org. Accessed June 20, 2011.

. Bateman ED, Hurd SS, Barnes PJ, et al. Global strategy for

asthma management and prevention: GINA executive summary.
Eur Respir |. 2008;31(1):143-178.

Price D. The use of omalizumab in asthma. Prim Care Respir
J. 2008;17(2):62-72.

. Murphy P, Hillman T, Rajakulasingam K. Therapeutic tar-

gets for persistent airway inflammation in refractory asthma.
Biomed Pharmacother. 2010,64(2):140-145.

. European Network for Understanding Mechanisms of Severe

Asthma. The ENFUMOSA cross-sectional European mul-
ticentre study of the clinical phenotype of chronic severe
asthma. Eur Respir ]. 2003;22(3):470-477.

. Dolan CM, Fraher KE, Bleecker ER, et al; TENOR Study

Group. Design and baseline characteristics of the epidemiology
and natural history of asthma: Outcomes and Treatment
Regimens (TENOR) study: a large cohort of patients with
severe or difficult-to-treat asthma. Ann Allergy Asthima Immunol.
2004:92(1):32-39.

Humbert M, Beasley R, Ayres |, et al. Benefits of omali-
zumab as add-on therapy in patients with severe persistent
asthma who are inadequately controlled despite best avail-
able therapy (GINA 2002 step 4 treatment): INNOVATE.
Allergy. 2005;60(3):309-316.

Edwards IR, Aronson JK. Adverse drug reactions: definitions,
diagnosis, and management. Lancet. 2000;356(9237):1255-1259.
Hochhaus G, Brookman L, Fox H, et al. Pharmacodynamics
of omalizumab: implications for optimised dosing strategies
and clinical efficacy in the treatment of allergic asthma. Curr
Med Res Opin. 2003;19(6):491-498.

Andersen PK, Gill RD. Cox’s regression model for counting
process: a large sample study. Ann Stat. 1982;10(4):1100-1120.
Soler M, Matz |, Townley R, et al. The anti-IgE antibody
omalizumab reduces exacerbations and steroid requirement
in allergic asthmatics. Eur Respir |. 2001;18(2):254-261.
Busse W, Corren |, Lanier BQ, et al. Omalizumab, anti-
IgE recombinant humanized monoclonal antibody, for the
treatment of severe allergic asthma. | Allergy Clin Immunol.
2001;108(2):184-190.

Holgate ST, Chuchalin AG, Hébert J, et al; Omalizumab 011
International Study Group. Efficacy and safety of a recom-
binant anti-immunoglobulin E antibody (omalizumab) in severe
allergic asthma. Clin Exp Allergy. 2004;34(4):632-638.
Rodrigo GJ, Neffen H, Castro-Rodriguez JA. Efficacy and
safety of subcutaneous omalizumab vs placebo as add-on
therapy to corticosteroids for children and adults with asthma:
a systematic review. Chest. 2011;139(1):28-35.

CHEST /143 /2 / FEBRUARY 2013 405

Downloaded From: http://journal.publications.chestnet.org/ by a I nstituto Superiore di Sanit User on 03/19/2013


http://www.ginasthma.org
http://www.ginasthma.org
http://journal.publications.chestnet.org

Online Supplement

Does Omalizumab Make a Difference
to the Real-life Treatment of Asthma
Exacerbations?

Results From a Large Cohort of Patients
With Severe Uncontrolled Asthma

Lamiae Grimaldi-Bensouda, PharmD, PhD; Mahmoud Zureik, MD, PhD;

Michel Aubier, MD, PhD; Marc Humbert, MD, PhD; Jean Levy, MD;

Jacques Benichou, MD, PhD; Mathieu Molimard, MD, PhD; and Lucien Abenhaim, MD, PhD;
for the Pharmacoepidemiology of Asthma and Xolair (PAX) Study Group

e-Appendix 1.

Members of the collaborating PAX study group are as follows: Antoine Achkar (CH de Vernon), Rafael Agnant
Alexis (CH de Chauny), Christian Aldegheri (Clinique Pasteur), Khaldoun Aljayouch (CH Sainte Catherine),
Natacha Amiot Brunet (H6pital Charles Nicolle), Jose Attia (Centre Cardio Vasculaire de Bastia), Dany Baud(CH
de Cachan), Zola Bavelele(CH de Remiremont), Marc Bellier (Cabinet médical Dr. Bellier), Bruno Bellon Serre
(Centre Médical Le Jean Le Blanc), Pierrick Bellvert (Centre Médical Montlouis), Daniel Benhamou (Hopital de
Bois-Guillaume), Claude Bertin (Centre Médical Le Mercurial), Alain Bettendorf (Cabinet privé a Nice), Thierry
Beysens (CH de Saintonge), Giuseppina Biondi (Hopital Bichat), Joelle Birnbaum (Hopital Sainte-Marguerite),
Thierry Bodez (Cabinet privé a Paris), Gerard Body (Groupe médical du Mau), Didier Bonnet (Centre Médical Les
Tonelles), Philippe Bonniaud (CHU de Dijon), Pierre Botrus (Hopital Bon Regard), Eric Bouchaert (CH de
Beauvais), Denis Boutry (Centre de Pneumologie Grenette), Jacques Boyadjian (Res.Claire Fontaine Bt.B), Jacques
Boyer (CH Lucien Hussel), Dominique Boz (Cabinet privé a La Teste), Christophe Brousse (Clinique du Parc),
Bernard Bugnas (Cabinet privé a Nice), Denis Caillaud (Hopital Gabriel Monpied), Bernard Carme (Cabinet privé a
Albi), Emilie Catherinot (Hopital Foch), Patrick Chatellain (CHI Annemasse-Bonneville), Jean-Pierre Chaumuzeau
(Cabinet privé a Paris), Raphael Chiron (H6pital Arnaud de Villeneuve), Nathalie Chollet (Cabinet de Pneumo-
Allergologie a Bordeaux), Pascale Combe-Cayla (CH La Chartreuse), Frangoise Couval (CH Jean Monnet), Alain
Cuguilliere (Hopital d'instruction des armées Robert Picqué), Yann Curran (CH Broussais), Henri de Camproger
(Cabinet de Pneumo-Allergologie a Orléans), Philippe de Rigal (Clinique du souffle La Solane), Mathieu Desplan
(CHU de Montepellier), Jean-Dominique Dewitte (Hopital Morvan), Rolande Dubost-Ferrenq (CH Lyon-Sud),
Alain Ducolone (Cabinet privé a Strasbourg), Sandra Dury (Hopital Maison-Blanche), Christine Dussopt (CH de
Villefranche-sur-Sadne), David El Baz (Cabinet de Pneumologie a Belfort), Lionel Falchero (CH de Villefranche-
sur-Saone), Christophe Faraut (Cabinet privé a Toulon), Mazen Fassih (Centre de pneumologie de Basse-Terre),
Clement Fournier (Hopital Albert Calmette), Gerald Garcia (Clinique Cagnes-sur-mer), Gilles Garcia (Hopital

Online supplements are not copyedited prior to posting. 1

©2013 American College of Chest Physicians. Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians. See online for more details. DOI: 10.1378/chest.12-1372

Downloaded From: http://journal.publications.chestnet.org/ by a I nstituto Superiore di Sanit User on 03/19/2013



Online Supplement

Antoine-Béclére), Claude Gendreau (Cabinet de pneumologie Vent Air), Frangois Goupil (CH du Mans), Brigitte
Guillou-Bideau (Centre Delta), Walid Hawla (CH Belfort-Montbéliard), Andre Helias (Pole médical Cap-Ouest),
Bertrand Herer (Centre médical de Forcilles), Perrine Hermant (CHI de Poissy-Saint-Germain-en-Laye), Bernard
Hugues (Centre médical Carré Foch Morgan), Jeanine Igual (CH de Lagny Marne-la-Vallée), Philippe Jardin
(Centre médical Residence Du Theatre), Jean-Yves Jasnot (Centre médical Erdre St Augustin), Jacques Jaudel (CH
de Saintonge), Thierry Jeanfaivre (CH Universitaire d’ Angers), Claude Jeanjean (Cabinet de Pneumo-Allergologie a
Grenoble), Imad Kadoun (CH de Romorantin-Lanthenay), Annabel-Sophie Kerjan (Centre médical a Guingamp),
Dominique Krai (Polyclinique du Parc), Marie-Pierre Lafourcade (CH d'Angouléme), Olivier Lagrange (Cabinet
privé a Angouleme), Gerard Lamarque (CH Laennec), Alain-Daniel Le Groumellec (CH Bretagne), Claudette Le
Loet (Cabinet privé a Rouen), Dominique Le Strat (Cabinet privé a St Malo), Olivier Leleu (CH d’Abbeville),
Dominique Lemaitre (Cabinet de pneumo-allergologie a Alengon), Hervé Lena (CHU de Rennes), Lionel
Lerousseau (CH d’Antibes), Jean-Edouard Levy (Cabinet privé a Enghien-Les-Bains), Jean-Marc Liegaux
(Polyclinique Saint Laurent), Frangois Malaquin (Clinique Toulouse-Lautrec), Frangois Martin (CH de Dreux),
Nicole Mas Dare (Cabinet privé a Foix), Frangois Maurel(Cabinet privé a Ales), Cyril Maurer (CHI Le Raincy-
Montfermeil), Veronique Meyer Thines (CH de Belfort-Montbeliard), Lahouari Meziane (Hopital Arnaud de
Villeneuve), Pierre Mignot (Cabinet privé a Chamalieres), Anita Molard (Hopital Civil de Strasbourg), Michel
Monchatre (Clinique Claude Bernard), Jean-Paul Moreau (Polyclinique Saint Laurent), Asma Morjane (CHI Poissy
Saint Germain), Bruno Mouget (CHU de Nancy), Dominique Mounier (Cabinet privé a Saint Etienne), Minh Triet
Ngo (CH de Gonesse), Jean-Pierre Orlando (CHG Edmond Garcin), Yves Pacheco (CH Lyon-Sud), Pierre Papeix
(Cabinet privé a Royan), Christian Parouty (Cabinet privé a Brive), Domitille Pinot (Ho6pital de Sainte Marguerite),
Jean-Pierre Pontier (CHG Jean Monet), Laurent Portel (CH Samuel Pozzi), Alain Proust (CHU de Nimes),
Frangois Rain (Clinique Saint Charles Roussillon), Julia Ratomaharo (Clinique Caron), Didier Recart (Polyclinique
d’Aguiléra), Anne Robain (SCM Panacée), Vincent Robert (Cabinet privé a Montbelliard), Cecile Rochefort-Morel
(CHU de Rennes), Jean Saint Pie (Cabinet Hats Lagun), Christian Sevette (Centre de Pneumologie a Perpignan),
Thierry Simon (Cabinet privé a Granville), Antoine Smolis (Cabinet de Pneumo-allergologie a Bethune), Camille
Taille (Hopital Bichat), Philippe Tarodo De La Fuente (Clinique du Parc), Michel Terol (Cabinet de Pneumologie a
Beziers), Frangois Tirouvanziam (Group médical Saint Michel), Judith Valcke-Brossolet (Clinique d’Olangerie),
Serge Van Huffel (Cabinet privé a Bonneville), Jean Vergeret (Polyclinique de Bordeaux-Tondu), Marie-Agnes
Vincent (CH Saint Charles), Jerome Virally ( Hopital Robert Ballaguer), Gabrielle Vottero (Clinique
Pneumologique Les Rieux et USLD Les Fontgeres), Dominique Zagozda (CH de Boulogne-sur-Mer), Christophe
Zanetti (Cabinet de Pneumo-allergologie a Lens), Pierre Zerbib (Cabinet d’Allergologie a Narbonne).

Online supplements are not copyedited prior to posting. 2

©2013 American College of Chest Physicians. Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians. See online for more details. DOI: 10.1378/chest.12-1372

Downloaded From: http://journal.publications.chestnet.org/ by a I nstituto Superiore di Sanit User on 03/19/2013



	2013-143-398-405.pdf
	chest_143_2_398_ds01.pdf

