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Possible Protective Effect of Omalizumab on Lung
Function Decline in Patients Experiencing Asthma
Exacerbations

William W. Busse, MD?, Stanley J. Szefler, MD®, Tmirah Haselkorn, PhD°, Ahmar Igbal, MD, Benjamin Ortiz, MD®,
Bobby Q. Lanier, MD', and Bradley E. Chipps, MD® Madison, Wis; Aurora, Colo; Los Altos, South San Francisco, and
Sacramento, Calif; East Hanover, NJ; and Fort Worth, Texas

What is already known about this topic? Loss of lung function with aging can be accelerated in patients with asthma
and is greater in patients who experience exacerbations.

What does this article add to our knowledge? In treatment-refractory asthma, omalizumab may prevent the loss of lung
function due to exacerbations in patients with allergic asthma.

How does this study impact current management guidelines? Omalizumab is recommended for severe uncontrolled
allergic asthma despite inhaled corticosteroids, with efficacy reflected in fewer exacerbations. But, even in those with

asthma exacerbations on therapy, omalizumab may have benefits protecting against lung function decline.

BACKGROUND: Frequent exacerbations are associated with
greater FEV; decline in patients with asthma. The effect of
omalizumab versus placebo on lung function in patients
experiencing asthma exacerbations has not been previously
examined.

OBJECTIVE: To evaluate the relationship between postbaseline
(treatment phase) exacerbation status and lung function decline
in children, adolescents, and adults treated with omalizumab
versus placebo using data from 3 pediatric and adolescent/adult
studies.

METHODS: Changes in percent predicted FEV; (ppFEV;) and
FEV, by treatment (omalizumab/placebo) and postbaseline
exacerbation status (exacerbators/nonexacerbators) were assessed
in patients aged 6 to 11 years (IA05, n = 576) and 12 to 75 years
(EXTRA/INNOVATE pooled, n = 1202). Pediatric patients
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were examined at treatment weeks 12, 24, 28, 40, and 52, and
adolescent/adult data at weeks 4, 12, 20, and 28.

RESULTS: Omalizumab-treated patients experienced larger
increases in ppFEV; and FEV; compared with placebo-treated
patients in the pediatric and pooled adolescent/adult pop-
ulations. The response was observed in pediatric exacerbators,
with significantly larger increases in ppFEV; and FEV; at week
12 (mean difference [95% CIJ, 4.11% [0.93%-7.30%], P = .011
for ppFEV;; 80 [10-140] mL, P = .017 for FEV,) and week 28
(mean difference [95% CIJ, 3.65% [0.11%-7.19%], P = .043 for
ppFEV;; 100 [30-170] mL, P = .007 for FEV,). In the adoles-
cent/adult population, both exacerbators and nonexacerbators
derived similar benefit with omalizumab compared with placebo.
CONCLUSIONS: Findings from this post hoc analysis suggest

that omalizumab may confer some protection against lung
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Abbreviations used

COPD- Chronic obstructive pulmonary disease

ICS- Inhaled corticosteroids
LABA- Long-acting beta-agonist
LSM- Least squares mean
PPFEV ;- Percent predicted FEV,;
PROSE- Preventative Omalizumab or Step-up Therapy for Fall
Exacerbations

function decline among patients who experienced exacerba-
tions during treatment. © 2020 Published by Elsevier Inc.
on behalf of the American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2020;m:m-m)

Key words: Asthma; Lung function; Airway remodeling; Inflam-
mation; Lung function decline; Obstructive airway disease

INTRODUCTION

Asthma is a chronic obstructive airway disease that is char-
acterized by airway reversibility." Normally, FEV; increases in
late adolescence to a plateau, which then gradually declines in
adulthood.” Some patients with asthma experience a decline in
lung function that ultimately results in irreversible airflow
obstruction.” Reduced adolescent-related growth in FEV,
resulting in a low maximal FEVj, is associated with the subse-
quent development of chronic airflow obstruction.” In a large
cohort of children (aged 5-12 years at enrollment) with mild to
moderate asthma who were followed for 13 years, 36% of those
with abnormal lung function growth (reduced growth and/or
early decline) compared with 8% of those with normal lung
function growth developed irreversible obstructive airway disease
(chronic obstructive pulmonary disease [COPD]).” This illus-
trates the concordance of reduced lung function growth with the
development of irreversible airway obstruction.

A greater frequency of acute severe exacerbations is associated
with a more rapid decline in FEV] in patients with asthma and
those with irreversible obstructive airway disease (COPD).*”
The association between severe exacerbations and lung func-
tion decline has been highlighted in randomized double-blind
studies, which have indicated that preventing exacerbations
with early interventional inhaled corticosteroid (ICS) treatment
reduces the rate of lung function decline.® In addition, measures
of lung function, including FEV;, have been proposed as a
component of strategies to predict future exacerbations in pa-
tients with asthma.®” This has been supported by a retrospective
analysis of children from the Inner City Anti-IgE Therapy for
Asthma study, which demonstrated a greater likelihood of
suffering an exacerbation in children presenting with reduced
pulmonary function."’

Airway and systemic inflammation are predictors of more
frequent asthma exacerbations.' Ty2 lymphocytes are major
regulators of the inflammatory response by stimulating IgE
secretion from B lymphocytes, the recruitment of eosinophils to
airway epithelium, and the activation of mast cells and eosino-
phils."” TgE plays an important role in airway inflammation and
has been hypothesized as a risk factor for airway remodeling."’

In patients who do not respond to ICS and long-acting beta-
agonists (LABAs; ICS £ LABA), omalizumab, a targeted
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anti-IgE antibody,'* may be beneficial in preventing irrevers-
ibility of airway obstruction by reducing exacerbation fre-
quency' " because anti-IgE effects may neutralize mechanisms
of airway remodeling,"” Although some studies have illustrated
efficacy of omalizumab at improving lung function in patients
with moderate to severe asthma,'®**?! there are limited data
examining the effect of omalizumab on lung function decline in
adults and children with asthma, particularly in those patients
experiencing asthma exacerbations. This post hoc analysis
examined the relationship between asthma exacerbation status
and lung function decline in children, adolescents, and adults
treated with omalizumab versus placebo using data from 3
published randomized studies.'”"”

METHODS
Study design

Post hoc exploratory analyses of data from 3 large randomized
placebo-controlled studies of omalizumab were used, including the
pediatric study population aged 6 to 11 years from IA05, and the
adolescent/adult study populations aged 12 to 75 years from EX-
TRA and INNOVATE. All studies required institutional review
board approval and written informed patient consent and were
conducted in accordance with national and international guidance
for study conduct. The methods for all studies have been published
"7 and brief study methods are provided below. In all
studies, dosing of omalizumab was based on body weight and total

. 15-
previously,

. . . . 14
serum IgE as in the prescribing information.™”

IAO5

IA05 (ClinicalTrials.gov identifier: NCT00079937) was a 52-
week trial in children aged at least 6 to 11 years (n = 627) with
inadequately controlled moderate to severe allergic asthma. Revers-
ibility was not a requirement for enrollment. Children were ran-
domized to receive either placebo or omalizumab (75-375 mg)
subcutaneously every 2 or 4 weeks for 52 weeks. ICS dosing was
kept constant during the first 24 weeks of the study unless there was
an exacerbation requiring intervention (steroid dose-stable period).
Thereafter (weeks 25-52), the ICS dose could be modified on the
basis of the patient’s clinical status (steroid dose-adjustment period).
Spirometry was performed at baseline and weeks 12 and 24 during
the steroid dose-stable period, and at weeks 28, 40, and 52 during
the steroid dose-adjustment period.'”

EXTRA

EXTRA (ClinicalTrials.gov identifier: NCT00314574) was a 48-
week multicenter study of adolescents and adults aged 12 to 75 years
(n = 850) with inadequately controlled severe asthma despite high-
dose ICS and LABA. Reversibility was not a requirement for
enrollment. Patients entered a 2- to 4-week run-in period until 2
weeks of inadequate asthma control was demonstrated. No adjust-
ment of any medication was permitted during the study. Systemic
steroids were permitted for management of an asthma exacerbation.
Spirometry was performed every 4 weeks from weeks 0 to 48."

INNOVATE

INNOVATE (ClinicalTrials.gov identifier: NCT00046748) was
a parallel-group multicenter study of adolescents and adults aged 12
to 75 years (n = 419) with severe persistent allergic asthma inade-
quately controlled despite high-dose ICS and LABA as described in
step 4 of the Global Initiative for Asthma 2002 guidelines.'® In-
clusion required reduced lung function (FEV; between 40% and
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<80% of predicted) and FEV; reversibility at least 12% from
baseline within 30 minutes of inhaled salbutamol. Randomization to
omalizumab or placebo was stratified by country and other medi-
cations. The treatment phase, in which patients were randomized to
omalizumab or placebo, was 28 weeks, and patients were followed
for an additional 16 weeks. Concomitant controller medication
doses remained constant throughout the study unless patients suf-
fered an exacerbation. Spirometry testing was conducted at weeks 0,
2, 4, 12, 20, and 28 of the treatment phase and weeks 4 and 16 of
the follow-up phase.l(‘

Statistical analyses

Patients who experienced an asthma exacerbation during the
treatment period in which they were enrolled were classified as
“exacerbators” and those who did not were classified as “non-
exacerbators.” For all analyses, asthma exacerbations were defined
according to American Thoracic Society guidelines22 as worsening of
symptoms requiring treatment with systemic corticosteroids for at
least 3 days.'”™"”

Changes from baseline in prebronchodilator percent predicted
FEV; (ppFEV;) and FEV; were examined by treatment status
(omalizumab vs placebo) at baseline and weeks 12, 24, 28, 40, and
52 for IA05. ppFEV, and FEV| by treatment status were examined
at baseline (week 0) and weeks 4, 12, 20, and 28 in the pooled
population from EXTRA and INNOVATE. Analyses were stratified
by treatment and treatment phase exacerbation status (exacerbators
vs nonexacerbators) for pediatric and pooled adolescent/adult data.
Last observation carried forward was used to account for missing
lung function parameter data. The impact of using last observation
carried forward is low in this analysis due to dropout/missing data
being low. Statistical significance was assessed using an analysis of
covariance model adjusted for dosing schedule (every 2 or 4 weeks),
country grouping, exacerbation history, and baseline ppFEV] value
for continuous ppFEV; and FEV; outcomes. Results were sum-
marized by least squares mean (LSM) difference in both absolute
value and change from baseline value, with P values and 95% ClIs
calculated for each visit. No adjustments were applied to the P values
and confidence coefficients because of the post hoc nature of the
analyses.

RESULTS
Baseline patient characteristics

This pooled data set included all modified intention-to-treat
patients with both baseline and at least 1 postbaseline lung func-
tion measurement. The pediatric data from study IAO5 included
576 children (omalizumab exacerbators, n = 143; placebo exac-
erbators, n = 94; omalizumab nonexacerbators, n = 241; placebo
nonexacerbators, n = 98). The mean age of the analysis subgroups
was between 8.3 and 8.7 years, and all study groups were pre-
dominantly male (range, 66.3%-68.5%). Baseline mean £ SD
ppFEV was slightly lower in the omalizumab exacerbators (81.4%
+ 18.6%) and placebo exacerbators (85.8% =+ 19.9%) than in the
omalizumab nonexacerbators (87.1% =+ 16.8%) and placebo
nonexacerbators (86.9% = 17.3%; Table I).

A total of 1202 adolescents and adults from EXTRA and
INNOVATE were included in the pooled data set (omalizumab
exacerbators, n = 178; placebo exacerbators, n = 219; omali-
zumab nonexacerbators, n = 426; placebo nonexacerbators, n =
379). The pooled population had a mean age range of 43.7 to
44.9 years in the analysis subgroups, and was predominantly
female (range, 61.5%-71.7%) and white (range, 75.3%-79.0%).
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Baseline mean £ SD ppFEV; was slightly lower in omalizumab
exacerbators (59.9% =+ 14.5%) and placebo exacerbators (61.7%
+ 15.0%) than in omalizumab nonexacerbators (65.6% =
15.0%) and placebo nonexacerbators (64.4% =+ 13.4%;
Table II).

ppFEV, and FEV, by treatment group

Pediatric population from IA05. At baseline, there was no
difference between pediatric patients treated with omalizumab or
placebo in ppFEV; or FEV). During the treatment phase,
ppFEV; was slightly but significantly higher in omalizumab-
treated patients compared with placebo-treated patients at week
12 (LSM difference [95% CIJ, 2.3% [0.2%-4.5%], P = .0329)
and week 28 (LSM difference [95% CI], 2.8% [0.4%-5.1%],
P = .0213; Figure 1, A). For FEV;, small but significant dif-
ferences were observed at week 12 (LSM difference [95% CI],
0.04 [0.0-0.1] L, P = .0424) and were maintained until week 40
(Figure 1, B).

Adolescent/adult population from EXTRA/INNOVA-
TE. In the pooled adolescent/adult population, there was no
difference between omalizumab- and placebo-treated patients in
ppFEV; or FEV; at baseline (Figure 2, A and B). During the
treatment phase, omalizumab- versus placebo-treated patients
saw significantly higher values in ppFEV| at week 4 of treatment
(LSM difference [95% CI], 1.6% [0.3%-2.8%], P = .0175;
Figure 2, A) and FEV; (LSM difference [95% ClI], 0.1
[0.0-0.1] L, P = .0129; Figure 2, B). Significant differences were
maintained throughout treatment.

Change in ppFEV; and FEV; by treatment group and
treatment phase exacerbation event

Pediatric population from IA05. Omalizumab exacer-
bators showed improvement in ppFEV; from baseline to week
12. ppFEV; decreased to baseline levels by week 52. Placebo
exacerbators showed a decline in ppFEV; between baseline and
week 12. In this group, ppFEV; remained below baseline levels
for the whole study period (Figure 3, A). Compared with placebo
exacerbators, ppFEV; was significantly higher for omalizumab
exacerbators at week 12 (mean difference [95% CI], 4.11%
[0.93%-7.30%], P = .011) and week 28 (mean difference [95%
ClI], 3.65% [0.11%-7.19%], P = .043). Omalizumab and pla-
cebo nonexacerbators showed similar mean change in ppFEV;
throughout the 52-week study, with an initial improvement
followed by a decline in ppFEV; (Figure 3, A).

Change from baseline absolute FEV, increased linearly from
baseline to week 52 in all 4 subgroups. The overall increase was
similar in omalizumab exacerbators versus omalizumab non-
exacerbators at all time points, and the increase was higher in
omalizumab-treated groups compared with placebo-treated
groups. Compared with placebo exacerbators, the increase in
FEV; was larger in omalizumab exacerbators at all time points
and reached significance at week 12 (mean difference [95% CI],
0.08 [0.01-0.14] L, P = .017), week 28 (mean difference [95%
CI], 0.10 [0.03-0.17] L, P = .007), and week 40 (mean dif-
ference [95% CI], 0.09 [0.01-0.16] L, P = .027). In non-
exacerbators, the increase was larger in omalizumab
nonexacerbators compared with placebo nonexacerbators from
week 24 onward, and this difference reached significance at
week 52 (mean difference [95% CI], 0.07 [0.00-0.13] L,
P = .042; Figure 3, B).
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TABLE |. Baseline characteristics of children aged 6 to 11 y from IAO5
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Characteristic

Exacerbators

Placebo (n = 94)

Omalizumab (n = 143)

Nonexacerbators

Placebo (n = 98)

Omalizumab (n = 241)

Age (y)
Mean + SD 8.6+ 1.7 87+ 1.8 83+ 1.7 87+ 1.7
Median 9.0 9.0 8.0 9.0
n 94 143 98 241
Sex, n (%)
Male 64 (68.1) 98 (68.5) 65 (66.3) 161 (66.8)
Female 30 (31.9) 45 (31.5) 33 (33.7) 80 (33.2)
n 94 143 98 241
ppFEV,
Mean + SD 85.8 = 19.9 81.4 + 18.6 86.9 + 17.3 87.1 + 16.8
Median 86.4 81.8 89.2 87.5
n 94 142 98 241
Serum total IgE (IU/mL)
Mean + SD 479.1 £ 350.7 422.8 + 3188 458.8 + 329.6 520.8 + 350.3
Median (IQR) 406.5 (189.0-748.0) 337.0 (161.0-643.0) 398.5 (184.0-708.0) 448.0 (233.0-806.0)
n 94 143 98 241
Eosinophils (count/pLL)
Mean + SD 559.6 + 4104 504.2 + 358.0 508.2 4+ 344.5 508.8 + 316.6
Median (IQR) 500.0 (200.0-800.0) 400.0 (200.0-700.0) 450.0 (200.0-700.0) 450.0 (300.0-700.0)
n 94 143 98 240

IQR, Interquartile range.

Adolescent/adult population from EXTRA/INNOVA-
TE. At week 4, ppFEV; had increased in all subgroups by
approximately 4% to 6%. ppFEV] then plateaued until week 28
in all subgroups except placebo exacerbators, who saw a decline
in ppFEV; between weeks 4 and 12. Omalizumab exacerbators
showed greater improvements in ppFEV; compared with placebo
exacerbators, and these differences reached significance at week
12 (mean difference [95% CI], 3.53% [0.90%-6.16%], P =
.009) and week 20 (mean difference [95% CIJ, 3.39% [0.71%-
6.07%], P = .013). Significantly higher ppFEV; values observed
in omalizumab nonexacerbators were evident by week 4 (mean
difference [95% CI], 1.61% [0.03%-3.18%], P = .045) and
were maintained to week 28 (mean difference [95% CIJ, 2.88%
[0.79%-4.97%], P = .007; Figure 4, A).

Change from baseline FEV; showed an initial increase at week
4 followed by a plateau in all subgroups except placebo exacer-
bators, whose FEV, decreased from weeks 4 to 12. The im-
provements in FEV; were larger in omalizumab exacerbators
versus placebo exacerbators at all time points, but these differ-
ences were significant at week 12 (mean difference [95% ClI],
0.11 [0.03-0.20] L, P = .009) and week 20 (mean difference
[95% CIJ, 0.10 [0.02-0.19] L, P = .020). Significantly larger
improvements in FEV| in omalizumab nonexacerbators were
evident by week 4 (mean difference [95% CIJ, 0.06
[0.00-0.11] L, P =.031) and were maintained to week 28 (mean
difference [95% CIJ, 0.09 [0.03-0.16] L, P = .006; Figure 4, B).

DISCUSSION

This post hoc analysis in children, adolescents, and adults
provides the opportunity to examine lung function in relation to
treatment and treatment phase exacerbation status in patients
with moderate to severe persistent allergic asthma. Across all age
groups, omalizumab-treated patients showed improvement in

ppFEV; and FEV; compared with placebo-treated patients.
When analyzed by exacerbation status, the data suggest that
patients who experience exacerbations while on omalizumab
preserve their lung function. Indeed, improvements in lung
function observed in omalizumab exacerbators were similar to
those in omalizumab nonexacerbators in both the pediatric and
adolescent/adult populations. Furthermore, lung function im-
provements in omalizumab exacerbators reached statistical sig-
nificance compared with lung function changes in placebo
exacerbators at several time points over the study period in both
the pediatric and adolescent/adult populations. In the pooled
adolescent/adult population, statistically significant improve-
ments in lung function over placebo were also seen in omalizu-
mab nonexacerbators. In this population, improvements in FEV;
and ppFEV, were slightly larger in nonexacerbators compared
with exacerbators.

In the current analysis, findings differed slightly in the pedi-
atric and adolescent/adult study populations. In particular,
benefits with omalizumab were seen only in exacerbators in pe-
diatric patients, but in both exacerbators and nonexacerbators in
adolescent/adult patients. The findings in pediatric patients were
consistent with previous findings. For example, in the Preven-
tative Omalizumab or Step-up Therapy for Fall Exacerbations
(PROSE) study, inner-ity children aged 6 to 17 years with
asthma and a history of exacerbations in the run-in period
received greater benefit from omalizumab therapy than did
children without recent exacerbations.'® It should be noted,
however, that PROSE concentrated on pretreatment exacerba-
tion status, whereas this study concentrated on postbaseline
exacerbation status. This makes the present study prone to more
bias and confounding issues. It is possible that differences in
baseline demographic characteristics in the pediatric and
adolescent/adult study populations in this analysis contributed to
the differences in patterns of improvement and decline between
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TABLE Il. Baseline characteristics of adolescents and adults (pooled data from EXTRA and INNOVATE)

Exacerbators

Nonexacerbators

Characteristic Placebo (n = 219)

Omalizumab (n = 178)

Placebo (n = 379) Omalizumab (n = 426)

Age (y)
Mean + SD 44.1 £ 143 44.6 £ 14.2 449 £+ 133 43.7 £ 139
Median 44.0 44.5 46.0 45.0
n 219 178 379 426
Sex, n (%)
Male 62 (28.3) 57 (32.0) 131 (34.6) 164 (38.5)
Female 157 (71.7) 121 (68.0) 248 (65.4) 262 (61.5)
n 219 178 379 426
Race, n (%)
White 173 (79.0) 134 (75.3) 290 (76.5) 323 (75.8)
Black 30 (13.7) 36 (20.2) 60 (15.8) 61 (14.3)
Asian 5(23) 3(1.7) 7 (1.8) 8 (1.9)
Other 11 (5.0) 5(2.8) 22 (5.8) 34 (8.0)
n 219 178 379 426
PPFEV,
Mean + SD 61.7 £ 15.0 59.9 + 145 644 + 134 65.6 = 15.0
Median 63.6 60.7 65.1 66.3
n 219 178 376 423
Total IgE (IU/mL)
Mean + SD 176.1 + 138.6 163.0 £ 124.0 180.7 + 141.9 192.2 + 1429
Median (IQR) 137.0 (68.0-259.0) 122.5 (70.0-223.0) 136.5 (67.0-259.0) 144.0 (82.0-271.0)
n 219 178 378 426
Eosinophils (count/LL)
Mean + SD 401.4 £ 317.1 343.5 + 287.5 330.7 £ 297.3 3427 £ 2724
Median (IQR) 300.0 (180.0-500.0) 280.0 (150.0-450.0) 250.0 (140.0-430.0) 300.0 (170.0-420.0)
n 215 175 361 402

IQR, Interquartile range.

the 2 groups. In the pediatric study populations, baseline FEV,
was lowest in the exacerbators subgroup, possibly explaining why
omalizumab exacerbators saw a larger increase over the placebo
group. However, it is unlikely that these differences played a
major role, because the study populations were generally
matched with respect to baseline demographic and clinical
characteristics.

Another difference observed between the pediatric and
adolescent/adult study populations was that the pediatric group
within this study saw continued increases in FEV; over the
whole study period. In contrast, in the pooled adolescent/adult
study population, FEV| increased from baseline to week 4 and
then either remained the same or decreased slightly. Because the
increases in FEV; in the pediatric study population occurred
irrespective of treatment or exacerbation status, it is likely that
they reflect lung function growth associated with physical growth
in children.”

Contrary to omalizumab exacerbators, who experienced lung
function improvements, placebo exacerbators experienced min-
imal increases in the pooled adolescent/adult study population or
small reductions in lung function in pediatric patients at study
end. These findings, together with the observed improvements
in lung function in omalizumab exacerbators, suggest that
omalizumab treatment may have a protective effect on lung
function in children, adolescents, and adults who experience
asthma exacerbations. These findings corroborate those from a

post hoc analysis of the Prospective Observational Study to
Evaluate Predictors of Clinical Effectiveness in Response to
Omalizumab, in which omalizumab was associated with ppFEV,
improvement and preservation over the 48-week study in pa-
tients with asthma-COPD overlap,z’j7 a population that usually
experiences frequent exacerbations and substantial yearly decline
in lung function.”

The association between exacerbation frequency and lung
function has been identified in patients with asthma and
COPD.*” Indeed, even a single COPD exacerbation was
shown to result in a significant increase in the rate of decline
in lung function in 1 retrospective analysis.”” The importance
of the exacerbation frequency and lung function relationship
has been illustrated by clinical studies with other asthma
medications such as tiotropium bromide + ICS, which have
noted that improvements in lung function parallel reductions
in asthma exacerbations.”® An observational study of 40 weeks
of add-on omalizumab therapy in 16 patients found that mean
£ SD decreases in monthly exacerbations (from 1.1 £ 0.6 to
0.2 & 0.4; P < .01) were associated with stable improvements
in FEV; (from 53.6% =+ 14.6% to 77.0% =+ 14.9% of pre-
dicted values; P < .01).””

It has been proposed that exacerbations in patients with
COPD and asthma may lead to structural alterations in the
lung that permanently worsen airflow.?®?° However, it is not
entirely clear whether exacerbations cause irrecoverable loss in
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LS mean OMA 88.24 87.46 87.37 87.23 86.11
95% CI (86.7-89.8) (85.8-89.1) (85.7-89.1)  (85.6-88.8) (84.5-87.8)
LS mean PBO 85.90 85.87 84.60 85.21 84.83
95% ClI (83.9-87.9)  (83.7-88.0) (82.4-86.8)  (83.2-87.3) (82.7-86.9)
n 575
Mean (SD) OMA  85.0 (17.7)
Mean (SD) PBO  86.4 (18.6)
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Steroid dose-stable period Steroid dose-adjustment period
Study visit (wk)
n 546 535 534 507 541
LS mean OMA 1.73 1.76 1.77 1.83 1.84
95% ClI (1.7-1.8) (1.7-1.8)  (1.7-1.8) (1.8-1.9) (1.8-1.9)
LS mean PBO 1.69 1.71 1.70 1.77 1.80
95% Cl (1.7-1.7) (1.7-1.8)  (1.7-1.7) (1.7-1.8) (1.8-1.8)
n 576
Mean (SD) OMA 1.6 (0.4)
Mean (SD)PBO 1.6 (0.5)
B P value 6744 .0424 .0420 .0041 .0187 1157

FIGURE 1. Prebronchodilator (A) ppFEV, and (B) FEV, by treatment in children aged 6 to 11 years from IAO5. Treatment-specific LS
means and their difference and associated 95% Cls were calculated using an analysis of covariance model adjusted for dosing schedule
(every 2 or 4 weeks), asthma medication strata, country grouping, and baseline FEV. LS, Least squares; OMA, omalizumab; PBO,

placebo.

lung function or whether those with low lung function
represent a phenotype that is associated with exacerbations. A
cluster analysis of 259 adult patients with asthma in Korea
identified 4 subphenotypes, including 2 (late-onset nonatopic
asthma with impaired lung function, early-onset atopic asthma
with severely impaired lung function) who were exacerbation

prone and were also characterized by impaired lung function

but with opposite atopic status.”’ Notwithstanding this, pa-

tients with a recent history of exacerbations may have higher

levels of inflammation that is susceptible to the effects of

omalizumab, translating into a greater likelihood of benefit
. . 18

with omalizumab therapy.
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FIGURE 2. Prebronchodilator (A) ppFEV4 and (B) FEV4 by treatment in adolescents and adults aged 12 to 75 years pooled from EXTRA
and INNOVATE. Treatment-specific LS means and their difference and associated 95% Cls were calculated using an analysis of

covariance model adjusted for dosing schedule (every 2 or 4 weeks), asthma medication strata, country grouping, and baseline FEV. LS,
Least squares; OMA, omalizumab; PBO, placebo.

Although substantial evidence exists of an association between
exacerbations and lung function decline, this was demonstrated only
in the pediatric population studied in this analysis. The pattern of
improvement in both exacerbators and nonexacerbators in the
pooled adolescent/adult population is suggestive of other mecha-
nisms of improving lung function. This may be due to a primary

anti-inflammatory effect, because reducing inflammation using
corticosteroids results in improved lung function.” Omalizumab
targets IgE, which stimulates an inflammatory cascade that causes
airway remodeling and mucus production. IgE also directly affects
airway remodeling,” and both high IgE’" and mucus scores™” are
associated with reduced lung function in patients with asthma.
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FIGURE 3. Mean change from baseline in prebronchodilator (A) ppFEV, and (B) FEV; by exacerbation status and treatment in children
aged 6 to 11 years from IAO5. Treatment-specific LSMs and their difference and associated 95% Cls were calculated using an analysis of
covariance model adjusted for dosing schedule (every 2 or 4 weeks), asthma medication strata, country grouping, and baseline FEV .
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FIGURE 4. Mean change from baseline in prebronchodilator (A) ppFEV 4 and (B) FEV 1 by exacerbation status and treatment in adolescents
and adults aged 12 to 75 years pooled from EXTRA and INNOVATE. Treatment-specific LSMs and their difference and associated 95% Cls
were calculated using an analysis of covariance model adjusted for dosing schedule (every 2 or 4 weeks), asthma medication strata,
country grouping, and baseline FEV4 value. Deviations of n values from cohort size reflect missing values.

Omalizumab has been shown to reduce the duration and
frequency of rhinovirus infections.”> Given the association of
respiratory tract infections with pulmonary complications such as
exacerbations and lung function decline, the prevention of
infection is another possible mechanism through which omali-
zumab could work to prevent lung function decline in patients
with asthma,”**’

The findings of these post hoc analyses are based on large
randomized trials and showed statistically significant
improvement in lung function across age groups. The studies
included in this analysis differed markedly in inclusion criteria,
study design, and population, and this may have had an impact
on the consistency of findings between the pediatric and
pooled adolescent/adult study populations. In particular,
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reversibility was an inclusion criterion in the INNOVATE
study, but not in the other 2 studies, which may have impacted
results given that treatment effect on lung function decline is
likely to be superior in patients with greater reversibility than
in those with little or no reversibility. The current analysis was
not stratified by reversibility, and this is an area for further
research in future studies. It should also be noted that the
adolescent and adult populations were pooled, preventing the
identification of the age group in which the patterns of
improvement may alter. There was no formal analysis looking
at frequency or severity of exacerbations and changes in lung
function. Because higher frequency and severity of exacerba-
tions are associated with larger reductions in lung function, an
exploration of the differences between subgroups may help to
explain the differences in improvements in pediatric and
adolescent/adult exacerbators. Because this was a post hoc
subgroup analysis by exacerbation status during the treatment
phase, interpretation of the findings should be cautionary and
should not be used to assess the efficacy of omalizumab.
Furthermore, they may not extend to all patients treated with
omalizumab. In addition, lung function decline occurs over an
extended period of years or decades,”® and the studies included
within this analysis were less than 1 year in length. This
analysis focused on prebronchodilator rather than post-
bronchodilator FEV; and thus may reflect bronchial tone
(spasm) rather than airway remodeling. Despite these limita-
tions, the findings suggest that long-term investigation of
omalizumab in lung function decline is warranted to ascertain
whether omalizumab prevents the development of irreversible
airway obstruction.

CONCLUSIONS

Findings from this post hoc analysis suggest that omalizumab
may confer some protection against lung function decline among
children, adolescents, and adults who experience asthma exac-
erbations while on therapy. Additional long-term studies are
needed to confirm these findings and to elucidate the mecha-
nisms underlying the relationship between lung function and
exacerbation frequency.
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