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ABSTRACT

Introduction: The goal of this project was to evaluate the impact of immunoglobulin E (IgE) levels on outcomes in patients
with chronic rhinosinusitis (CRS) who received maximal medical therapy (MMT).

Study Design: Prospective cohort study.

Methods: Thirty-eight patients who underwent MMT for CRS were assigned to three different cohorts based on their IgE
levels: low IgE (<25 IU), moderate (>25 to <149 IU), and high (=150 IU). The primary outcome evaluated was MMT failure
with a surgical recommendation within each IgE cohort. Secondary outcomes included changes in pre- and post-MMT scores
for the Rhinosinusitis Disability Index, Chronic Sinusitis Survey, and computed tomography—based Lund-Mackay evaluation.
The cohorts were substratified based on the presence of nasal polyps and nasal allergies.

Results: No significant difference was found when MMT failure was compared between the cohorts in terms of quality of
life. When substratified based on the presence of nasal polyps and nasal allergies, there was no significant difference between
the cohorts. In the high-IQE cohort, all patients regardless of presence of nasal polyps and nasal allergic disease, frequently failed
MMT and were recommended for surgery.

Conclusions: Overall, IgE levels did not seem to have a significant effect on the quality of life or outcomes of MMT in the
patients with CRS. However, the presence of nasal allergies regardless of IgE levels seemed to result in more frequent
recommendations for surgery after MMT. In the patients with higher-IgE levels (=150 IU), MMT seemed to fail at high rates
with or without the presence of polyps or allergic disease.

(Allergy Rhinol 8:e5-e12, 2017; doi: 10.2500/ar.2017.8.0188)

he significant debilitating physical symptoms and
disruption of quality of life (QoL) associated with
chronic rhinosinusitis (CRS) have been reported.' The
etiology of this entity is complex and multifactorial,
including infection, host systemic disorders, anatomic
variations, and other causes in which atopy is in-
cluded.? Some reports®* postulate an association be-
tween atopy and CRS, whereas other reports™® de-
scribe a correlation between atopy and severity of
disease. Atopy has been considered a risk factor or a
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negative prognostic factor in patients with CRS,® but, a
causal relationship has not been elucidated.* Naclerio
et al.® in 1997, explained the possible link between
atopy and CRS to result from tissue edema and vascu-
lar congestion, with resulting sinus drainage obstruc-
tion.

Other studies report the association of immunoglob-
ulin E (IgE), eosinophilia, and radio-allergo-sorbent-
test (RAST) positive test results in extensive sinus dis-
ease.”” In addition, the relationship between total IgE
levels and the thickness of sinus mucosa on computed
tomography (CT) imaging in patients with CRS has
also been described.” Although, there may be a rela-
tionship between atopy and CT scores, other studies
did not correlate disease severity measured by QoL
scores with atopy.* None of these studies investigated
the association of the levels of IgE before or after max-
imal medical therapy (MMT). The purpose of this
study was to test the hypothesis that patients with
higher total IgE levels at diagnosis would have worse
QoL scores and a poorer response to MMT that would
require functional endoscopic sinus surgery (FESS).

METHODS

After the approval of the institutional review board
of the University of North Carolina, subjects with ob-
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Table 1 Patient demographic information

Patient Demographics Low-IgE Cohort

Moderate-IgE Cohort High-IgE Cohort

Subjects, no. 10
Men 3
Female 7

Average age, y 58

Nasal allergy status, no.

CRS with nasal allergy 5
CRS without nasal allergy 5
Uncertain
Nasal polyp status, no.
CRS with nasal polyps 2
CRS without nasal polyps 8
Race, no.
White 5
Black or African American 3
Asian 0
Mixed race 0

14 14
5 11
9 3

52 56
7 8
5 4
2 2
5 7
9 7
9 12
3 1
1 1
1 0

IQE = Immunoglobulin E; CRS = chronic rhinosinusitis.

jective evidence of CRS on either nasal endoscopy or
radiographic imaging who presented to the otolaryn-
gology clinics at the University of North Carolina Hos-
pitals were recruited. The inclusion criteria were the
following: age >18 years and a diagnosis of CRS* that
had not been treated with oral steroids or antibiotics in
the previous 2 months (N = 44). Demographic infor-
mation was recorded (Table 1). At the time of enroll-
ment, all the subjects with objective evidence of CRS
underwent CT sinus imaging and IgE titers. Patients
who met the following criteria were excluded: allergic
fungal sinusitis, primary ciliary dyskinesia, systemic
vasculitis, granulomatous disease, history of cocaine
abuse, or cancer, and patients who were pregnant or
breast-feeding.

The MMT was set as 3 or 6 weeks of antibiotic
treatment. Interestingly, there is little literature about
the appropriate length of antibiotic therapy for patients
with CRS.'® A recent publication by Sreenath et al.''
showed no significant difference in patients” QoL
scores or Lund-MacKay (LM) CT scores in those pa-
tients who were given between 3 or 6 weeks of antibi-
otics therapy; for this reason, it was determined that
either of the lengths of therapy would be equivalent.
The patients with CRS without nasal polyps (CRSsNP)
and the patients with CRS with nasal polyps
(CRSwWNP) received distinct management regimens
based on previous established literature®'*'>"'* The
patients with CRSwWNP were prescribed doxycycline
100 mg orally taken twice a day, and the patients with
CRSsNP were prescribed azithromycin 250 mg orally
taken once daily. Sinus tissue from patients with
CRSwWNP and patients with CRSsNP showed different

eb

patterns of cells and cytokines, with more eosinophils
and interleukin (IL) 5 in the patients with polyps and
more hyperplasia and fibrosis in the patients without
polyps.'?

Doxycycline was chosen for CRSWNP due to its
antimicrobial effects as well as it anti-inflammatory
effects. Doxycycline is thought to be effective in the
treatment of nasal polyposis due to the inhibition of
the collagenase activity of metalloproteinases.'*'®
Furthermore, doxycycline was reported to lower lev-
els of IL-5 and metalloproteinase-9'>'” in nasal se-
cretions, which reduced the damage to nasal polyp
tissue and eventually polyp size. Oral steroid tapers,
beginning with 40 mg daily over 4 days, followed by
30 mg daily for 4 days, followed by 20 mg daily for
4 days, then 10 mg for 4 days were given as an
adjunctive therapy in CRSWNP. Oral systemic therapy
was provided based on evidence that oral steroids not
only are anti-inflammatory agents but also decrease
the number of eosinophils as well as markers of inflam-
mation, such as eosinophilic cationic protein and IL-5,
in sinus tissue, levels of which are elevated in patients
with CRSwWNP.'? Patients diagnosed with CRSsNP
were treated with oral azithromycin. Azithromycin
was chosen due the anti-inflammatory and antibacte-
rial properties of macrolides and its reported benefit in
the management of chronic sinusitis.">'”™"* No oral
steroid was added due to the lack of evidence of ben-
efit in CRSsNP.

Patients with purulence found on nasal endoscopy
after flexible fiberoptic or rigid examinations under-
went culture and subsequent assessment of antibiotic
sensitivities. Microorganisms found in culture varied
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Figure 1. Division of groups and subgroups. CRSwNP = Chronic rhinosinusitis with nasal polyp; CRSSNP = chronic rhinosinusitis
without nasal polyp; CRSwWNA = chronic rhinosinusitis with nasal allergy; CRSsNA = chronic rhinosinusitis without nasal allergy.

widely. However, the patients received culture-di-
rected antibiotic therapy based on the sensitivity of the
bacteria. In addition, all the patients received isotonic
saline solution nasal rinses (NeilMed Sinus Rinse;
NeilMed Pharmaceuticals, Inc., Santa Rosa, CA) and
topical nasal steroid sprays for twice daily use. Patient
compliance was evaluated by mid-treatment telephone
calls and an exit survey at their follow-up post-MMT
visit to verify if they had fully completed the treatment.

The subjects were assigned to three different cohorts
based on the levels of IgE. Patients with levels of IgE of
<25 IU were assigned to the normal-IgE cohort, IgE
levels of >25 to 149 IU were assigned to the moderate-
IgE cohort, and patients with IgE levels of =150 IU
were assigned to the high-IgE cohort. In addition each
cohort was substratified based on the presence of nasal
polyps and nasal allergies (Fig. 1). A diagnosis of al-
lergic rhinitis and the asthma status were based on a
clinical history and the patient’s reported medical his-
tory. The patients with total IgE levels of <25 IU have
a low chance of having allergic inflammation. How-
ever, patients with higher levels have increasing like-
lihood of allergic rhinitis or asthma, which may serve
as a proxy for sinonasal inflammation. According to
Chung et al.,* the positive predictive value of a total
IgE level of >150 IU that identifies patients with pos-
itive in vitro testing is 88%.

To assess disease severity in the three cohorts, we
used standardized and validated objective and subjec-
tive measures. For QoL measures, the patients were
administered the Chronic Sinusitis Survey (CSS) and
the Rhinosinusitis Disability Index (RSDI)*' at their
initial visit and then after MMT was completed. Lower
scores on the CSS and higher scores on the RSDI rep-
resented greater disease severity. For objective radio-
logic assessment, we used the LM grading system®>*
to evaluate all sinus CTs obtained at pre- and post-
MMT visits. The mean change in LM and RSDI scores
were calculated by subtracting the post-MMT scores
from the pre-MMT scores. The mean changes in CSS
scores were calculated by subtracting the pre-MMT
scores from the post-MMT scores. At the post-MMT
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visit, decisions regarding whether or not MMT was
successful were determined based on various factors,
including patient symptoms, changes in QoL scores,
and radiologic evidence of mucosal inflammation. The
decision to proceed with surgery was made by a con-
sensus between the patient and the practitioner in light
of the patient’s QoL, endoscopic examination and ra-
diologic findings. Patients for surgery was defined as
the primary outcome.

As other researchers reported,**> CRS not only en-
compasses physical symptoms but also great disrup-
tion in QoL. The major benefit of our study rationale
was that it used real-life clinical decision-making prac-
tices and not those contrived for study purposes.
Paired Student’s t-tests were used to compare LM,
RSDI, and CSS score differences in the two groups.
Statistical significance was set at p = 0.05. The minimal
clinically important difference for the RSDI and CSS
based on this cohort of patients was determined by
distribution-based methods®***” by using the one-half
standard deviation benchmark of the outcomes evalu-
ated (for RSDI, a decrease of =11.67; for CSS, an in-
crease of =10.45).

RESULTS

Forty-four patients were enrolled in the study at
their initial clinic visit. Six patients were excluded: two
were lost to follow-up, two had adverse effects from
antibiotic treatment, and two did not have IgE levels
obtained. The patients were stratified into three differ-
ent cohorts based on their total serum IgE levels. Ten
patients were included in the low-IgE cohort, 14 pa-
tients were in the moderate-IgE cohort, and 14 patients
were in the high-IgE cohort. All the patients completed
MMT, with 100% clinical follow-up achieved. The lev-
els of IgE ranged from 2 to 764 IU in the total sample;
26% of the patients were in the low-IgE cohort, 36%
were in the moderate-IgE cohort, and 36% were in the
high-IgE cohort. The primary outcome was defined as
a failure of MMT with a recommendation for surgical
intervention. In the low-IgE cohort, medical manage-
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ment was considered to have failed in 60% of the
subjects, and they were recommended to undergo sur-
gical intervention. In the moderate cohort, MMT failed
in 71% of the subjects, and, in the high-IgE cohort, 78%
of patients were recommended to undergo surgical
intervention after failure of MMT (Table 2). The be-
tween-group comparison (low-IgE versus high-IgE
and moderate-IgE versus high-IgE cohorts) revealed
no significant differences (p > 0.05) (Table 3).

Subjective QoL measurements (i.e., CSS, RSDI scores)
and objective disease measurements (i.e., LM scores)
were evaluated before and after MMT in the total
sample as well as between the polyp and nasal aller-
gies subgroups. The results are shown in Table 2. The
nonpolyp (p = 0.04) and no nasal allergies (p = 0.04)
subgroups in the normal-IgE cohort had a significant
difference before and after MMT in CCS scores. In the
moderate-IgE cohort, CRSsNP and CRS without nasal
allergy (CRSsNA) subgroups showed a significant dif-
ference in the QoL scores after MMT (for CRSsNP, p =
0.02, RSDI; for no CRSsNA, p = 0.049). The high-IgE
cohort had a significant difference in CSS scores in
patients with CRSsNP after MMT (p = 0.04). Further-
more, in the high-IgE cohort, MMT failed in 71% of the
patients with CRSWNP and in 85% of the patients with
CRSsNP, and MMT failed in 75% of the patients with
CRSsNA and 75% of those with CRSWNA. Compari-
sons between cohorts (high-IgE versus normal-IgE and
high-IgE versus moderate-IgE cohorts) (Table 3) did
not show a significant difference in the main outcome.
After MMT, the patients with high IgE levels with
either nasal polyps or nasal allergies showed a signif-
icant difference in the LM scores (p = 0.03 and p = 0.02,
respectively) but little difference in the QoL scores.

Comparisons within each IgE cohort were made
based on polyp and nasal allergies status (Table 4). In
the normal-IgE cohort, a comparison between the
CRSwWNP and CRSsNP subgroups showed a significant
difference in RSDI scores (p = 0.01) before treatment
and in the CSS after treatment (p = 0.03). As expected,
the RSDI scores before MMT, overall, were higher
(worst QoL) in patients with polyps. CSS after MMT in
the patients without polyps had higher scores (better
QoL) after treatment compared with patients with
polyp. Patients with CRSsNA had overall better QoL
(CSS) after MMT when compared with patients with
CRSwWNA (p = 0.009). In the moderate-IgE cohort, the
LM scores were higher in the CRSWNP subgroups
before and after MMT when compared with the
CRSsNP subgroups (p = 0.0006 and p = 0.002). There
was no difference in LM scores between patients with
CRSsNA and patients with CRSwNA. In the high-IgE
cohort, there was no significant difference in any QoL
measurement when patients with polyp versus non-
polyp and nasal allergies versus no nasal allergies were
compared.

e8

DISCUSSION

Analysis of data in a number of studies indicates that
atopy can lead to a more extensive and severe CRS
disease*>”, but none of these studies indicated a causal
relationship. Our study evaluated the impact of IgE
levels on outcomes after MMT not only as it related to
recommendation for FESS but also as it related to
changes in QoL. When evaluating the primary out-
come, recommendation for FESS, we found that, in the
low-IgE cohort, the positive predictive value for FESS
recommendation was 60% compared with 71% in the
moderate-IgE cohort and 79% in the high-IgE cohort.
MMT had failed in the patients with CRSwINP in both
the low- and moderate-IgE cohorts (low-IgE cohort,
100%; moderate-IgE cohort, 80%) compared with the
patients with CRSsNP (low-IgE cohort, 50%; moderate-
IgE cohort, 40%). Conversely, in the high-IgE cohort,
the presence of polyps did not influence the main
outcome (71% with CRSwNP and 85% CRSsNP were
recommended for FESS), which indicated a more-se-
vere disease process regardless of polyp status.

There is recent literature that CRSWNP and CRSsNP
are distinct pathologic entities.'” Sinus tissue from pa-
tients with CRSwNP and those with CRSsNP had dif-
ferent patterns of cells and cytokines, with more eosin-
ophils and IL-5 in patients with polyp and more
hyperplasia and fibrosis in patients without polyps.'®
In the present study, in the low- and moderate-IgE
cohorts, polyp status resulted in differential outcomes
(although not statistically significant) in terms of fail-
ure of MMT compared with the high-IgE cohort. It is
postulated that this difference in the behavior of the
groups may be due to the supraphysiologic IgE levels,
which affect cytokine production in the local milieu.
However, immunohistochemistry is needed to test this
theory. When the cohorts were substratified by nasal
allergies, the patients without nasal allergies tended to
have improved QoL after treatment compared with
those with allergic disease, which indicated that aller-
gic disease likely played a role in symptomatology but
did not influence the recommendation for surgery. In
the high-IgE cohorts, both CRSWNA and CRSsNA re-
sulted in MMT frequently failing and recommenda-
tions for FESS (nasal allergies, 75%; CRSsNA, 75%).

In terms of QoL, when the different cohorts were
compared (low-IgE versus high-IgE and moderate-IgE
versus high-IgE cohorts), there was only a significant
statistical difference in CSS pretreatment scores be-
tween the normal-IgE and high-IgE cohorts. It seemed
that patients in the low-IgE cohort were more symp-
tomatic before MMT compared with patients in the
high-IgE cohorts before treatment. When evaluating
each cohort individually, there was no difference be-
tween pre- and posttreatment QoL and LM scores in
the three cohorts. The subtle changes demonstrated in
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Table 3 Comparison between the IgE cohorts

el0

p Value,
Failure
of MMT

Posttreatment Scores

Pretreatment Scores

Cohort

p RSDI p LM

CSS

p RSDI p LM

CSS

IgE
Total sample

High IgE vs normal
Polyp

0.67
0.45
0.16
0.85
0.53

0.29
0.21
0.5

2.26
2.8

0.94
0.12
0.4

0.77)

0.60
28

0.56
0.1

440
247

0.14
0.10
0.84
0.07
0.65

3.61
9.1

5.95 0.51
41.28

391
7.08

0.01

0.09

21.7

0.049
0.6

44.04

1.8
1.8

9.75
4.11
3.75

0.64
0.14
0.33

3.4
16.7

0.53
5.51
1.9

0.15
0.05
0.21

10.34

24
20

No polyps

0.42
0.3

0.66
0.53

Nasal allergies

52

0.81

791

No nasal allergies

High IgE vs

moderate IgE
Total sample

Polyp

0.345
0.22
0.22
0.63
0.35

0.99

0.01
72

0.95
0.29
0.42
0.50
0.55

0.46
155

0.45
0.44
0.96
0.58
0.30

45

0.99

0.007
49

0.002
0.1

19.79
17.88

20.1

0.38
0.58
0.74
0.44
0.53

6.84

8.21

2.6
11.8

0.03
0.09
0.02
0.25

7.71

0.31

541
10.4

0.23
0.31
0.12
0.26

8.8
11.15

2.28
6.08

0.11

No polyps

7.75
4.14

0.004
0.47

43.8

Nasal allergies

7.54

445

8.85

6.9

No nasal allergies

IgQE = Immunoglobulin E; MMT = maximal medical therapy; CSS = Chronic Sinusitis Survey; RSDI = Rhinosinusitis Disability Index; LM = Lund-Mackay.

QoL after treatment in the low-IgE and moderate-IgE
cohorts when compared with the high-IgE cohort was
mainly the result of improvement in patients with
CRSsNP polyps. Patients with CRSsNA also showed
improvement in QoL scores in the normal-IgE (p =
0.04, CSS) and the moderate-IgE cohorts (p = 0.04,
RSDI) after treatment; conversely, patients with
CRSwNA did not show improvement after MMT.
Based on these data, it seemed that patients’” IgE status
had little influence in disease severity as determined by
the response to MMT. Within the high-IgE cohort,
polyp and nasal allergy status did not influence the
outcome after MMT.

Some literature to date indicates an association be-
tween atopy and sinonasal symptoms as well as higher
CT scores.*” However, other studies failed to show a
relationship between atopy and severity of the sinus
disease.* Some researchers reported more extensive
disease in patients with low-IgE levels compared
with patients with allergy. In our study, we found
that patients with higher levels of IgE tended to have
more polypoid inflammation, but, at high levels of
IgE, the presence of polyps became less important in
terms of response to MMT.

When nasal allergies were evaluated, the percentage
of patients with nasal allergies in each cohort was
similar (normal-IgE cohort, 50%; moderate-IgE cohort,
50%), with a slightly higher percentage in the high-IgE
cohort (57%). The presence of allergic disease seemed
to have played a role in recommending surgery in the
low- and moderate-IgE cohorts. The failure rates of
MMT were higher in the low- and moderate-IgE co-
horts compared with those without allergic disease in
those cohorts (Table 2). Again, analysis of these data
indicated that the presence of allergic disease may
contribute to worse symptomatology and poorer re-
sponses to MMT. Those patients in the high-IgE cohort
with CRSWNA or with CRSsNA tended to respond
similarly poor to MMT.

Researchers of previous studies indicate a relation-
ship between nasal polyps and asthma and/or allergic
rhinitis®®**’ In the present study, we did not evaluate
asthma status, which can be a confounding factor,
given the high association of nasal polyps with this
entity®®” Nasal allergies diagnosed by clinical symp-
toms and clinical history had worst QoL scores when
compared with CRSsNA in the low- and moderate-IgE
cohort. It was possible that some patients misclassified
their allergy status because nasal allergy symptoms
may mimic that of CRSwNP. In addition, of the total
sample, 79% of the patients with high IgE for whom
MMT failed were recommended to undergo FESS.
Based on these results, we could postulate that patients
with higher counts of IgE had less likelihood of re-
sponding to maximal medical treatment and could,
therefore, be considered surgical candidates earlier in
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Table 4 Comparison between polyps or no polyps and nasal allergies or nonnasal allergies in the three

cohorts

Pretreatment Scores

Posttreatment Scores

Css P RSDI p LM

P Css p RSDI p LM P

Normal IgE
Polyps vs no 18.23 0.18 42.75 0.01 2.25
polyps
Nasal allergies
vs no nasal
allergies
Moderate IgE
Polyps vs no 9.91 0.33 4.73 0.73 13.5
polyps
Nasal allergies 7.01 0.52 24 0.07 9.91
vs no nasal
allergies
High IgE
Polyps vs no 15.47 0.21 2.45 0.82 6.31
polyps
Nasal allergies 11.98 043 10.96 0.40 0.61
vs no nasal
allergies

15.842 0.14 12 0.4 4.2

0.60 32.31 0.03 30.25 0.07 0.125 0.98

0.2 30.01 0.009 24.6 0.65 0.2 0.9

0.0006 3.62 0.69 16.38 0.16 12.28 0.002

0.05 10.6 0.30 4.23 0.75 8.75 0.08

0.06 10.95 0.22 8 0.55 1.08 0.63

0.86 531 0.04 14.46 0.36 3.14 0.23

CSS = Chronic Sinusitis Survey; RSDI = Rhinosinusitis Disability Index; LM = Lund-Mackay; IgE = immunoglobulin E.

the treatment algorithm, regardless of polyp or allergy
status.

Before generalizing these results, there were some
limitations of this study. The most important was the
small sample size in the three different cohorts. Several
pretrial power calculations were performed; however,
the clinical impact and effect size of differing levels of
serum IgE among the cohorts was unknown and no
comparative studies exist. For a pretrial power calcu-
lation, an effect size of 0.5 was used to determine a
cohort of 192 patients needed to achieve 80% power.>!
However, the standard error of nonbinary outcomes is
unknown because such comparative studies do not
exist and, therefore, pretrial power calculations are at
best an educated guess in such a situation. In addition,
the power calculations mentioned were made by using
standardize tables® that greatly underestimate the true
sample size needed to achieve appropriate power
based on the actual effect size. Thus, we were unable to
make a robust a priori calculation of the sample size.
Future studies with larger sample sizes would likely
provide a more-effective estimate of the effect size
because there is no previous literature that evaluated
the clinical difference between subjects that could be
implemented. Also, immunohistochemical analysis of
sinonasal tissue could provide useful data to assist
stratifying patients based on the presence of local tis-
sue eosinophils and/or IgE.

CONCLUSION

Overall, based on these data, IgE levels did not seem
to have a significant effect on the QoL or outcomes of
MMT in those patients with CRS. However, the pres-
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ence of polyps and nasal allergies, regardless of IgE
levels, seemed to result in more frequent recommen-
dations for surgery after MMT. MMT seemed to fail in
patients with higher IgE levels (=150 IU) at high rates
despite polyp or allergic status.
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