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INTRODUCTION
The hallmark of CRS is sinus mucosal inflammation, a parameter
thought to correlate with disease severity. Therapies that address
the genesis of the dysregulated mucosal immune response and
resultant chronic inflammatory state in the sinuses are needed. To
date there is a paucity of data on effective therapies for severe dis-
ease, especially using randomized trial designs.

Some of the inflammatory features of CRS are similar to those
observed in allergic asthma. Asthma and allergic rhinitis (AR) are
two diseases strongly associated with CRS. Previous studies have
suggested that allergies are an underlying factor in 40 - 94% of
patients with CRS (1,2), though the exact relationship remains con-
troversial, with cause and effect unclear. Similarly, there is a
strong epidemiological association between asthma and CRS. A
vast majority of moderate-to-severe asthmatics have abnormal
findings on sinus imaging (3), and there is a correlation between
the severity of asthma and the number of mucosal abnormalities
on CT scans (3). Tissue samples from patients with CRS with nasal
polyposis show abundant eosinophils and a Th2 cytokine profile,

both hallmarks of the lower airway inflammation found in patients
with asthma. These data suggest that similar pathological mecha-
nisms may be involved in these diseases and that treatment strate-
gies might target common mechanistic pathways.

IgE, a key mediator in the inflammatory process of AR and aller-
gic asthma, has been implicated in CRS. Serum levels of this
immunoglobulin have been shown to correlate with the severity of
mucosal disease measured by CT imaging (4). Some data suggest a
role for local elevation of IgE in sinus tissue (5). Hence, IgE is an
attractive target for therapeutic intervention in CRS.

Omalizumab (Xolair®) is an anti-IgE monoclonal antibody
approved for the treatment of moderate and severe persistent aller-
gic asthma. Omalizumab reduces the levels of IgE in the serum
and tissues, thereby blocking the IgE-mediated inflammatory cas-
cade. This anti-IgE treatment has also been shown to effectively
treat AR. Furthermore, limited uncontrolled data to date suggest
that this treatment might be useful in CRS (6,7).

Evidence suggests IgE may play a role in chronic rhinosinusitis (CRS). We sought to determine
if treatment with a monoclonal antibody against IgE (omalizumab) is effective in reducing CRS
inflammation.
We performed a randomized, double blind, placebo controlled clinical trial in subjects with
CRS despite treatment (including surgery). Subjects were randomized to receive omalizumab or
placebo for 6 months. The primary outcome was quantitative measurement of sinus inflamma-
tion on imaging. Secondary outcome measures included quality of life, symptoms, and cellular
inflammation, nasal airflow (NPIF) and olfactory testing (UPSIT).
Subjects on omalizumab showed reduced inflammation on imaging after treatment, whereas
those on placebo showed no change. The net difference, however, was not different between
treatments. Treatment with omalizumab was associated with improvement in the Sino-Nasal
Outcome Test (SNOT-20) at 3, 5, and 6 months compared to baseline with no significant
changes in the control group. Remaining measures showed no significant differences across
treatments.
We conclude that IgE plays, at most, a small role in the mucosal inflammation of CRS and the
symptoms. Placebo controlled, blinded studies with larger enrollment are needed to determine
the clinical significance of any potential change.
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We therefore hypothesized that anti-IgE treatment would decrease
sinonasal inflammation and improve symptoms and related mea-
sures in CRS, and thus may be a novel and useful treatment option
for patients with CRS.

MATERIALS AND METHODS
Subjects
Males and females 18 - 75 years of age with CRS were recruited
in Chicago from 2004 to 2007. CRS was defined by symptoms
(nasal obstruction, nasal discharge, facial pain, hyposmia) for
greater than 12 weeks, confirmatory findings on nasal endoscopy,
and evidence of inflammation on sinus CT scan (13). Serum total
IgE between 30 - 700 IU/ml was also required because this is the
level for which the drug is approved for the treatment of asthma.
We excluded subjects weighing > 150 kg, those with contraindica-
tions to omalizumab, and subjects with secondary causes of CRS
(immunocompromise, genetic disease). Though we set no limits
on disease severity, the majority of subjects had severe and refrac-
tory disease; for example, all had undergone endoscopic sinus
surgery and the majority presented with nasal polyposis (7/7 in the
omalizumab group and 5/7 in the placebo group).

Study protocol
We performed a randomized, placebo-controlled double-blind
study examining the effects of anti-IgE in CRS. During the screen-
ing visit, medical records were reviewed to confirm entry criteria.
A CT scan was performed to document the state of sinus mucosal
inflammation at study outset. Serum IgE levels were obtained.

At enrollment (visit 1, baseline), symptoms were recorded and
general (Short Form-36 (8) [SF-36]) and disease-specific
(Sinonasal Outcome Test-20 (9) [SNOT-20]) quality of life mea-
sured. Objective assessment was obtained using nasal endoscopic
examination to score polyp size on a scale of 0 - 4 using published
criteria (10). Nasal lavage for eosinophil counts (11), olfactory test-
ing (the University of Pennsylvania Smell Identification Test
[UPSIT]) (12), and nasal peak inspiratory flow (NPIF, performed in
triplicate and averaged) were also obtained. Subjects were then
randomized to omalizumab or placebo groups.

At enrollment and every 4 weeks for the 6 month duration of the
study, patients received either omalizumab (0.016 mg/kg per IU
total serum IgE/mL subcutaneously) or placebo injection. Since
omalizumab is dosed by weight, some subjects required bimonthly
dosing according to standard asthma dosing guidelines (0.016
mg/kg). Just prior to dosing at each follow-up visit, quality of life
measures, nasal lavage, nasal endoscopy, and NPIF were repeated.
For subjects dosed bimonthly, measures were obtained only once a
month. Throughout the trial, subjects recorded symptoms daily
(nasal obstruction, nasal discharge, facial pain, and hyposmia)
each recorded on a 4 point scale [0 = none, 1 = mild, 2 = moder-
ate, 3 = severe]; total scores were summed for a Total Nasal
Symptom Score [TNSS]). At the 6 month visit, a final sinus CT
scan and a final UPSIT were repeated. This study was approved
by our IRB and the FDA. It was registered with clinicaltrials.gov

prior to initiation (NCT00117611).

Safety
Patients were monitored after each injection based on prevailing
guidelines. These changed during the study to the current recom-
mendation which is 2 hours of observation following the first 3
injections due to new FDA warnings regarding the possible risk of
anaphylaxis (http://www.fda.gov/cder/drug/ infopage/omalizum-
ab/default.htm). This requirement ended recruitment because of
the time commitment required for participation in the study by
volunteers. To comply with current FDA and society recommen-
dations, patients were also given an Epipen to take home.

Outcome measures
The primary outcome measure for this study was sinus inflamma-
tion as determined by CT imaging. For this assessment, a standard
pre-treatment and post-treatment coronal CT image was selected
at the osteomeatal unit (OMU). Pre- and post-treatment images
were aligned (Figure 1a).
Using tools on our web-based hospital radiology software
(Stentor, Phillips), we outlined the bony limits of the maxillary,
ethmoid, and frontal sinuses to obtain a total sinus area on the
aligned slices (Figure 1b). Slices were aligned to match pre- and
post-treatment using bony landmarks. We then repeated this mea-
surement selecting only the air filled portions of the same area.
Using the area measurement of the air and of the total area of the
sinus, the percent inflammation (non-air occupied sinus surface) in
the standard coronal slice was calculated (Figure 1b). A similar

Figure 1. a) Aligned Coronal CT Slices. (left) Pre-treatment coronal CT
slice showing the maxillary and ethmoid sinuses at the OMU (right)
Aligned post treatment slice correlating to pre treatment slice. b)
Measurement of Sinus Opacification. (left) Bony outline of sinuses at the
OMU is selected with the corresponding area measurement given by the
software (Stentor) (right) Outline of the air within the passage is selected
with corresponding area measurement given. Using these measurements,
percent inflammation is determined.

a)

b)
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method has been described by others (13). All CT scan were read
blinded to treatment category.
General (SF-36) and specific quality of life (SNOT-20), nasal air-
flow (NPIF), olfactory function (UPSIT), symptoms, nasal
endoscopy scores, and inflammation in nasal lavage (eosinophils)
were assessed as secondary outcome measures using standard
methodologies (see above).

Statistical analysis
Repeated measures were first evaluated by analysis of variance
(ANOVA [parametric measures] or Friedman [nonparametric mea-
sures]) followed by post-hoc testing if appropriate. Quality of life
measures were all normally distributed and were analyzed with
parametric statistics using the t-test with means reported. Changes
between pre- and post-treatment were compared using a paired t-
test. Between group comparisons were made by a non-paired t-test.
Percentage of inflammation on imaging, UPSIT scores, eosinophil
counts in nasal lavage, nasal endoscopy scores, NPIF and symptoms
scores were not normally distributed and therefore were analyzed
using nonparametric tests. Paired analysis was done with the
Wilcoxon signed-rank test. Unpaired analysis was done with the
Mann Whitney U test. P-values < 0.05 were considered significant
for all analyses.

RESULTS
Enrollment
We viewed this as a pilot study and asked our IRB for permission
to enroll 25 subjects in each group. After initial success, we began

having difficulty recruiting subjects. The primary reason was the
reluctance of eligible subjects to enroll in a trial with risk of
receiving placebo treatment and time commitment (7 visits). Other
impediments included the need in some subjects to have twice
monthly dosing due to weight, IgE levels being too low or high to
qualify and negative allergy tests. To circumvent these obstacles
to recruitment, we then attempted to recruit subjects at other sites.
Unfortunately, in over 18 months, no external site (n = 6) enrolled
any subjects. Around this time, the FDA issued a warning about
anaphylaxis, leading to further delays in amending the protocols to
be compliant with guidelines. With our inability to enroll more
subjects, we terminated the trial.

Table 1.
omalizumab placebo p-value

Subjects 7 7
Demographics
% Male (n/N) 43% (3/7) 100% (7/7) < 0.02
Age (mean ± SD) 43.1 ± 9.8 48.6 ± 9.1 < 0.30
Medication Use
(%/n/N)
Intranasal steroids 0.714 (4/7) 0.714 (5/7) < 0.59
Antihistamines 0.142 (1/7) 0.571 (4/7) < 0.27
Antileukotrienes 0.571 (4/7) 0.571 (4/7) < 1.00
Systemic steroids 0.428 (3/7) 0.000 (0/7) < 0.19
Inhaled Asthma Therapy 0.716 (5/7) 0.428 (3/7) < 0.59
History of Immunotherapy 0.000 (0/7) 0.285 (2/7) < 0.46
Quality of Life
SNOT-20 (mean ± sem) 45.7 ± 5.6 46.0 ± 11 < 0.877
SF-36 (domains mean ± sem) 61.8 ± 15.2 67.6 ± 10.5 < 0.418

NPIF (mean, range) 93.3 (53.3 - 133.3 (113.3 - < 0.303
173.3) 156.7)

Nasal Lavage Eosinophils
(% ± sem) 7.6 ± 2.2 12.6 ± 6.5 < 0.715
Nasal Endoscopy score
(median, range) 1.5 (0.5-3) 1.25 (0-2.5) < 0.373
UPSIT (mean ± sem) 13 ± 2.8 19 ± 3.4 < 0.174
% Opacification Baseline CT
(mean ± sem) 76.0% ± 6.9 75.9% ± 6.1 <
0.568*

Figure 2. Sinus CT opacification a) Omalizumab. b) Placebo. Note, n = 6
in the placebo group due to missing data secondary to technical problems
with image analysis from outside hospital CT scan in one patient. c)
Improvement in sinus opacification by CT across trial for each treatment.
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We report here the results of 14 patients with 7 in each treatment
group who completed the study. There were 10 males and 4
females (Table 1) with no dropouts. There were more men in the
placebo group than in the treatment group. The subjects in both
treatment groups were well matched for use of sinusitis medica-
tions (Table 1) and initial disease as measured by % sinus opacifi-
cation on baseline CT images (Table 1). Subjects were random-
ized and followed throughout the trial in a blinded fashion.

Safety
No side effects or adverse events occurred during the study.

Effect of omalizumab on sinus inflammation
A comparison of the change in percent opacification across treat-
ment from matched coronal CT slices at the OMU for each patient
was performed (Figure 2). A statistically significant reduction in
inflammation was found for the omalizumab treatment group from
baseline to conclusion of the study (median pre 76.1%, post 60.0
%; p < 0.043, Figure 2a) with no significant change in the placebo
group (median pre 75.9%, post 66.1%, p < 0.463, Figure 2b).
However, comparing the magnitude of change (pre-treatment
minus post-treatment) across treatment groups, there was no sig-
nificant difference (median change omalizumab 11.9%, placebo
5.9 %; p < 0.391; Figure 2c).

Secondary outcomes
Quality of Life
Baseline mean SNOT-20 scores between 2 and 3 were consistent
with prior studies of CRS patients (14). There seemed to be a sig-
nificant placebo effect with a trend toward improved quality of life
from enrollment to the first month of treatment in both groups
(Figure 3a). Comparing across groups, we summed the differences
from baseline for each subject and treatment (1st month treatment
minus baseline plus the 2nd month treatment minus baseline) and
there was no significant net difference across treatments (median
omalizumab –5.5, placebo –2.3, p < 0.60) (Figure 3b).
Interestingly, the median change in SNOT-20 scores across the
study (last visit minus baseline) was consistent with a clinically
significant improvement (defined as at least 0.8) in the omalizum-
ab group (–1.05) and no clinically significant change in the place-
bo group (–0.20), but there was no difference in the net magnitude
of this change between the groups (p < 0.78).

Baseline mean domain score for the SF-36 showed that both
groups had lower quality of life than normal subjects consistent
with prior studies (15). There were no significant differences within
treatments for any domain (p > 0.05, all comparisons). Across
treatments, there were also no significant differences (p > 0.05, all
comparisons) except for one domain, vitality (omalizumab 9.4,
placebo 12.5, p < 0.05).

Olfaction
The UPSIT was used to gauge olfactory function with higher
scores corresponding to a better sense of smell. Both active and

placebo groups showed improvement in total UPSIT score (data
not shown). Comparing across groups, the net change in total
UPSIT score was not statistically different (omalizumab 3, place-
bo 4, p < 0.31).

Nasal endoscopy scores
There were no significant changes within in endoscopy scores for
either group (data not shown). Net change across treatments were
not significantly different (omalizumab 0, placebo –0.5, p < 0.58).

Eosinophils in nasal lavage
Inflammation was assessed in nasal lavage using eosinophil
counts. Analysis of variance showed no significant difference in
either treatment (p > 0.05, all comparisons; data not shown). There
were no differences in net change between the groups (median
change in %: omalizumab –2, placebo –9, p < 0.47).

NPIF
There were no statistically significant differences in NPIF during
any of the visits for within (p > 0.05, all comparisons) or net
change across groups (median: omalizumab –3.1, placebo 11.3, p
< 0.31) (Figure 4). Ranges of this measure and variability were
consistent with other studies (16).

Figure 3. SNOT-20. (top) Score at baseline and monthly throughout the
study. (bottom) Sum of change in scores (each visit minus baseline) across
the study. *, +: p < 0.05.
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Sinonasal symptoms
The median TNSS for each month did not vary between visits by
analysis of variance for either group (p > 0.05, all comparisons),
with no significant net difference across treatments (omalizumab –
1, placebo 0, p < 0.21).

Baseline medication use and use rescue medications
Baseline medications were not different at the outset (Table 1).
Since we allowed use of rescue medications during the trial, we
then compared the reported use of courses of systemic steroids,
antibiotics, and added adjunctive medications (antileukotrienes,
antihistamines, or intranasal steroids). There were few differences
between the groups, though small numbers preclude definitive
analysis. Subjects on omalizumab used fewer courses of steroids
over the trial (median 0) compared to placebo (median 1) (p <
0.043). There also seemed to be a trend toward less use of antibi-
otics in the omalizumab group (median omalizumab 0, placebo 1, p
< 0.32) (Figure 5). There was no discernible pattern among users of
systemic steroids and improvement on imaging nor did responding
subjects seem to have used rescue medications closer to the end of
the study.

DISCUSSION
Our results suggest that omalizumab may reduce sinonasal inflam-
mation assessed by imaging, perhaps providing support for a role
for IgE in the inflammatory process of CRS. This difference,
about 10%, was small and did not translate into any measurable
symptomatic or physiological benefit for our patients. Doing a
larger study would not be expected to change the magnitude of the

difference and the clinical significance of this change remains
unclear. Given the standard deviation of the net change in the
omalizumab subjects [~16] and this net difference [10], a sample
of 42 subjects in each group would be required to demonstrate a
treatment effect with 80% power at a significance level of 0.05 (2
sided).

We used a novel method of quantifying sinus inflammation to
more closely capture a subtle change that might occur with a ther-
apeutic intervention, especially in severe disease. Other methods
that are used to stage disease are crude in their quantification (e.g.,
clear, partially opacified, completely opacified) and were not
designed to assess changes in disease over time. It should also be
noted that imaging findings and symptoms have yet to be found to
correlate due to a variety of possible reasons (17), though a closer
correlation was found when examining these relationships in
response to medical treatment (18). We chose CT image analysis as
a primary outcome measure to answer the hypothesis that anti-IgE
would decrease mucosal inflammation. We also examined a num-
ber of other clinical measures and symptoms. Our study failed to
show any notable improvement in any of these disease parameters.
To our surprise, the best improvement of CT inflammation
occurred in a subject who received placebo treatment, a fact that
emphasizes the variability in the natural history of the disease.
Moreover, this emphasizes the critical need for randomized trials
to determine treatment efficacy in this disease.

A major conclusion of this study is that performing randomized,
placebo controlled clinical trials of prolonged therapies for chronic
sinusitis is extremely challenging. First, we faced significant

Figure 4. Nasal Peak Inspiratory Flow. (top) NPIF at baseline and monthly
throughout the study (median). (bottom) Change in NPIF from 6 month
visit compared to baseline.

Figure 5. Rescue Medication Use by Subject. (top) Antibiotic courses.
Median omalizumab 0, placebo 1, p < 0.32. (bottom) Systemic steroid
courses. Median omalizumab 0, placebo 1, p < 0.043).

006028_Pinto:et al. 12-06-2010 14:30 Pagina 5



6 Pinto et al.

recruitment challenges despite the busy rhinology practices of sev-
eral rhinologists and general otolaryngologists at a major, urban,
academic medical center as well as local and national advertising
and recruitment at multiple centers. Despite our best efforts, there
were only 14 patients who completed the study. We faced signifi-
cant challenges recruiting subjects for this trial, with many
patients unwilling to enroll due to the time and logistical require-
ments mandated by monthly visits, the possibility of receiving
placebo therapy and, possibly, due to small but well publicized
risks of adverse reactions to omalizumab, FDA black box warn-
ings, and change in guidelines lengthening visits and delays await-
ing revised IRB approvals.

This trial faced a number of challenges in design and implementa-
tion. All of our patients had had surgery and presented with severe
inflammation. Hence, this group may present a form of severe,
irreversible disease that responds poorly to any treatment, thereby
limiting our ability to see an effect. A subject population with
milder, perhaps more reversible inflammatory disease may offer
us the ability to detect a greater effect. We opted to allow subjects
to continue their current sinonasal medication regimen and used
rescue medications as deemed appropriate by the clinician. In
essence, we performed an add-on study, which may have required
a greater impact on disease measures to show a significant differ-
ence between treatments. Though there were no significant differ-
ences in the number or classes of medications at baseline, subjects
were heavily medicated related to the severity of their disease.
There may have been subtle differences in anti-inflammatory ther-
apy between groups that clouded our outcomes. Moreover, there
was substantial use of rescue medication therapy, including sys-
temic steroid treatments, which may influence our results.
However, had we precluded rescue therapy or limited medication
use, we believe recruitment would have been even more difficult
and challenged our commitment to our providing optimal care for
our patients. Future trials will have to consider creative methods to
overcome these barriers, perhaps by standardizing therapy for all
subjects or using a withdrawal design.

Aside from efficacy, anti-IgE therapy faces other hurdles before it
would be considered for use in CRS, including expense, the
requirement for long clinic visits for administration, adverse
events, and lack of potential utility in subjects without elevated
IgE. Our largely negative results emphasize that CRS remains an
extremely heterogeneous disease, likely with many triggers, multi-
ple and overlapping inflammatory pathways, and diverse etiolo-
gies (fungus, enterotoxins, environmental pollutants, genetic pre-
disposition, etc.) and has a variable natural history. This hetero-
geneity may require subclassification and targeted therapies for
different types to achieve improvement. Indeed, there is some data
to suggest that there are different forms of inflammation in some
forms of CRS. However, one must consider that refractory CRS is
challenging to treat, frequently requires expensive testing and
therapies, some with unproven benefit (e.g., nebulized medica-
tions). Moreover, the societal costs are enormous when one con-
siders decreased productivity, absenteeism, and other burdens of

this disease. Hence, active search for new treatments or redirection
of therapies in use for other conditions remains a high priority in
this field.

In summary, our pilot study demonstrates at most a small, clinical-
ly irrelevant effect on CRS. Larger studies may provide additional
data on the role of anti-IgE therapy for CRS.
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