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Abstract

Objective: To assess the effect of allergen immunotherapy (AIT) on patients
with central compartment atopic disease (CCAD) and house dust mite (HDM)
sensitization post-surgery.

Methods: A retrospective cohort of surgically treated, HDM-sensitized CRSWNP
patients phenotyped as CCAD was assessed. Patients were divided into two
groups based on whether they had AIT commenced as part of their surgical care.
All AIT patients started immunotherapy prior to their surgery. The primary end-
point was reformation of middle turbinate (MT) edema 12 months postsurgery.
Secondary endpoints were corticosteroid irrigation use (<4 times/week vs. >4
times/week, %) and the rhinologic domain of the 22-item sino-nasal outcome
test (SNOT-22). Demographic characteristics, concomitant asthma, smoking
status, history of aspirin-exacerbated respiratory disease, conjunctival symp-
toms, polysensitization, serum eosinophils (cell x 10°/L), tissue eosinophilia
(% > 100/HPF), and serum IgE (kU/L) were also recorded.

Results: Eighty-six CCAD patients were assessed (41 + 14 yrs, 64% female).
AIT was applied in 37% (n = 32). Baseline features were similar apart from
greater conjunctival symptoms (72 vs. 45%, p = 0.02) in the AIT group. At 12
months post-surgery, the AIT group has less MT edema (% > diffuse 15.6 vs. 52.9,
p < 0.01). Patients on AIT also had less pharmacotherapy requirements at 12
months (% > 4/week, 37.5 vs. 79.6%, p < 0.01). The rhinologic symptoms were
similar (21.1 + 17.1 vs. 20.1 + 21.6, p = 0.83).

Conclusions: Surgery and pharmacotherapy are effective in managing CCAD,
but the addition of AIT improved allergic phenomenon and allowed de-
escalation of topical therapy. Longer term studies are required to demonstrate
further immunomodulation.
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1 | INTRODUCTION

Central compartment atopic disease (CCAD) has emerged
as a variant of primary diffuse type-2 dominant CRS and is
a subtype of chronic rhinosinusitis (CRS) that is associated
with polypoid tissue remodeling."* It is characterized
by localized inflammation and mucosal changes in the
central compartment, which are thought to be triggered
by exposure to inhalant allergens.*® Interestingly, even
CCAD patients with classic endoscopic features but
negative allergy sensitization on skin and serum show
evidence of allergen-specific IgE’s in their mucosal
tissue.”

Disease defining endoscopic findings include edema-
tous remodeling of the middle turbinate (MT), unci-
nate process, superior turbinate, and superior nasal
septum.®%%° These alterations in the central compartment
exist in both CCAD and to a lesser extent in patients with
simple allergic rhinitis (AR).!° Therefore, CCAD and AR
should be understood as a spectrum of tissue remodel-
ing that occurs in inhalant allergy. Both conditions display
similar allergen sensitivities.

The optimal management of CCAD patients involves
a disease-modifying strategy by treating the underlying
inhalant allergy, which can successfully be achieved for
the majority of all patients through allergy assessment
and allergen-specific immunotherapy (AIT).!""* Tissue
remodeling changes secondary to prolonged allergen
exposure can also result in both nasal obstruction and
mechanical obstruction of sinuses. Thus, barotrauma
is a common symptom reported by CCAD patients.”
At some point, many patients require endoscopic sinus
surgery (ESS) and modification of turbinate hypertrophy
to manage these symptoms. With regard to the surgical
outcome is has been reported that CCAD patients gener-
ally experience longer-lasting benefits from ESS compared
with other CRSWNP entities.'* However, the surgery does
not modify the underlying allergic drive. The long-term
success rate is anecdotally determined by the activity of
the inhalant allergy, which drives central inflammation.
So far, studies evaluating outcomes of surgically treated
CCAD patients report concomitant AIT rates ranging from
34 to 50%, however, outcomes have not been stratified by
AIT use.'?

The aim of this study was to determine whether the use
of AIT as a concurrent treatment, along with surgery, influ-

enced the post-surgery progression of the disease in CCAD
patients with house dust mite (HDM) sensitization.

2 | MATERIALS AND METHODS

A retrospective cohort study on surgically treated, aller-
gically sensitized HDM patients fulfilling the defini-
tion of CCAD was performed. The retrospective cohort
was created by a change in management strategy over
time, as CCAD has become more established as dis-
ease phenotype. The study received ethics approval from
the St. Vincent’s Hospital Research Ethics Committee
(2019/PID13822, 2021/PID02338) and patients provided
informed consent for research data collection.

2.1 | Patient population

Adult CCAD patients (>18 years) seen at a tertiary refer-
ral clinic were included. CCAD was defined as a condition
with (1) a history of allergic nasal and non-nasal symptoms,
(2) positive HDM epicutaneous skin prick testing and/or
serum-specific IgE antibodies, and (3) endoscopic and
radiologic tissue remodeling findings that had to include
the MT with or without superior turbinate and superior
nasal septum.’

2.2 | Treatment characteristics

All patients underwent ESS with the goal of creating
a simple neo-sinus cavity as part of their management.
All patients had sculpting of the MT to remove tissue
remodeling. Most patient had Draf2a performed via a
Carolyn’s window technique."” Draf3 was only applied to
patients in whom the anterior-posterior dimension of the
frontal recess was <1 cm and for those patients with more
severe disease.'® Airway procedures including septoplasty,
or medial flap inferior turbinoplasty were performed, if
required. Patients with less than 12 months of follow-up, or
with CRS secondary to other conditions were excluded. All
patients used a once-daily corticosteroid irrigation (1 mg
budesonide, 1 mg betamethasone, or 1 mg mometasone
in 240 mL solution) via irrigation bottle. After the first
3 months, patients were allowed to reduce irrigation-use
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based on their symptoms. Antistaphylococcal antibiotics
were given for 10 days and prednisone was given at 25 mg
daily for 14 days. Follow-up appointments were scheduled
at 1 and 3 weeks, 3 months, 6 months, and 12 months after

surgery.

2.3 | Baseline characteristics

Demographic characteristics were recorded including
patient age (years), gender (%female), previous sinus
surgery (%), concomitant asthma (%), smoking status (%),
history of aspirin-exacerbated respiratory disease (AERD)
(%), and conjunctival symptoms (%). Asthma status was
indicated either through current use of bronchodilator
or inhaled corticosteroid therapy and/or a >15% change
in FEV1 postbronchodilator on spirometry.'” Aspirin sen-
sitivity was defined as a well-described history of bron-
chospasm after aspirin or nonsteroid anti-inflammatory
use, or a positive oral or nasal lysine aspirin challenge test
with a > 15% reduction in FEV1 or a > 40% increase in
total nasal airway resistance on rhinomanometry."” Smok-
ers were defined as patients who smoked at least weekly or
more and were actively smoking or had ceased in the past
12 months.

2.4 | Blood and allergic disease work-up

Perioperatively, the following variables were assessed:
total IgE, (UI/mL), serum eosinophil count (x10° cells/L),
serum-specific IgE antibodies for the four aeroallergen
mixes (dustmite, grass mix, mold, animal epithelium) via
automated immunoassay (ImmunoCap). A serum-specific
IgE level of greater than 0.35 kU/L for any of these aeroal-
lergens was considered a positive result and the patient
classified as atopic. Epicutaneous allergy assessment was
performed by a skin prick test. Evaluation was done on
a panel of 16 allergens that corresponded to the 4 aller-
gen mixes (dust mite, mold, animal, and grass). Details of
skin prick testing were described before.® The rate of poly-
sensitization (%) was recorded. Tissue samples were taken
intraoperatively and assessed using a structured synoptic
reporting format for tissue degree of inflammation (mild,
moderate, or severe).'® Eosinophil count was categorized
as <10, 10—100, or >100 cells/high-powered field (HPF).'®

2.5 | Allergen immunotherapy for HDM

Patients were divided into two groups based on whether
they had HDM AIT commenced as part of their surgi-
cal care (AIT vs. no-AIT group). Allergen immunotherapy

(AIT) was administered via a once daily intake of a SLIT-
tablet (Acarizax®), Seqirus, USA; Actair®), Stallergenes,
Switzerland).

2.6 | Primary endpoint
2.6.1 | Assessment of MT edema/tissue
remodeling at 12 months

Reformation of MT edema and remodeling was deter-
mined by the assessment of video recordings of sinus
endoscopies performed during the patient’s assessment 12
months after surgery. MT changes were categorized as
based on an ordinal scale, which has been described previ-
ously (1 = normal, 2 = focal edema, 3 = multifocal edema,
4 = diffuse edema, 5 = polypoid mucosa) (Figure 1).%

2.7 | Secondary endpoints
2.71 | Patient-reported outcome measures
Preoperative  patient-reported outcome  measures

(PROMs) were quantified using the 22-item sino-nasal
outcome test (SNOT-22) completed by the patient prior
as well as 1 year after surgery. The SNOT-22 consists of 22
questions that require the patient to rate the severity of a
sinonasal disease outcome based on a 5-point ordinal scale
(0 = no problem; 1 = very mild problem; 2 = mild or slight
problem; 3 = moderate problem; 4 = severe problem;
5 = problem as bad as it can be). The SNOT-22 total score
was calculated by the addition of the individual scores
for all 22 items and ranges from 0 to 110. The rhinologic
domain is a subset of the SNOT-22 calculated by the addi-
tion of the scores of 5 items from the SNOT-22: (1) need
to blow nose, (2) nasal obstruction, (3) loss of smell/taste,
(4) thick nasal discharge, and (5) facial pain/pressure.
The rhinologic domain score ranges from 0 to 25. Higher
PROM scores correlate to worse patient symptoms.

2.8 | Medication use

The extent of reliance on postoperative topical corticos-
teroid was defined as the weekly frequency of nasal
corticosteroid irrigation use at the 12 months assessment.
This outcome was dichotomized as >4 or <4 corticosteroid
irrigations per week to distinguish frequent and less fre-
quent corticosteroid irrigation users. In the first 3months
post-\surgery patients were recommended a daily corti-
costeroid irrigation frequency but after 3-6 months, those
with normal mucosa on examination could de-escalate
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FIGURE 1

Examples of patients with normal configuration of the MT (A), focal edema (white arrowhead) (B), multifocal edema (white

arrowheads) (C), diffuse edema (white arrowhead) (D) and polypoid edema with extension towards the nasal septum (white arrowheads) (E)

at the 12 month assessment post-surgery. MT, middle turbinate.

their weekly usage of corticosteroid irrigation based on
symptom control.'

2.9 | Statistical analysis

Parametric continuous variables were presented as
mean =+ standard deviation, nonparametric measures as
median and interquartile range and categorical results
were presented as percentages (%) with 95% confidence
interval. Means of variables with an abnormal distribution
were analyzed using the independent T-test for two-group
comparisons. The comparison of categorical variables
was analyzed using the Fisher’s exact or Chi-square test.
Correlation of ordinal variables was calculated using
Kendall’s Tau-b test. Statistical significance was set at
p < 0.05. Statistical analyses were performed using SPSS
(version 29.0; IBM Crop, Armonk, NY).

3 | RESULTS

A total of 86 patients were assessed (mean age 41 + 14,
64% female). AIT was used in 37% (n = 32). Prior surgery
had been performed in 43% of patients. Active asthma
was seen in 55% of patients, with AERD present in 1%.
Most patients, 90%, were nonsmokers. Conjunctival symp-

toms were present in 52% of all patients. Allergic workup
revealed polysensitization in 57%.

3.1 | Comparison of population and
disease baseline characteristics (AIT vs.
no-AIT group)

Conjunctival symptoms were more common in the
AIT group (72 vs. 45%, p = 0.02). There were no other
differences in age, sex, rate of previous sinus surgery,
asthma, smoking, AERD, rate of polysensitization,
total IgE, serum eosinophil level, or tissue eosinophilia
(Table 1).

3.2 | Comparison between groups (AIT
vs. no-AIT group)

Reformation of MT edema was less common in patients
with AIT compared with patients without AIT (% > dif-
fuse 15.6 vs. 52.9, p < 0.01). Patients on AIT also had
a lower use of ongoing pharmacotherapy at 12 months
(% > 4/week, 37.5 vs. 79.6%, p < 0.01). Rhinologic PROMs
(thinologic subdomain SNOT-22) were similar between
AIT and no-AlIT patients (21.1 + 17.1vs. 20.1 + 21.6, p = 0.83)
(Table 2).
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TABLE 1 Disease and baseline characteristics (n=86). AIT,
allergen immunotherapy.
Treatment group
AIT No-AIT p
n 32 54
Age (yrs) 4 +14 44 +13 033
Sex (%F) 69 65 0.45
Previous sinus surgery (%) 56 57 0.92
Asthma (%) 41 48 0.33
Smoking (%) 14 10 0.46
AERD (%) 3 0 0.37
Conjunctival (any %) 72 45 0.02
Polysensitized (%) 44 63 0.06
Total IgE (TU/L) 313 + 465 280 + 360 0.72
Serum eosinophils (x10° cells/L) 0.32 + 0.2 0.47 + 0.3 0.32
Tissue eosinophilia (%>100) 38 46 0.17
TABLE 2 Reformation of MT edema, PROMS and medication

use at 12 months post-surgery.

Treatment group

AIT No-AIT p
n 32 54
MT edema 0.01
Normal 62.5 24.5
Focal 6.3 1.3
Multifocal 15.6 1.3
Diffuse 15.6 47.2
Polypoid 0 5.7

Rhinologic domain (0-25)

SNOT-22 (0-110)

Corticosteroid irrigation use (%)
<4 times/week 62.5 20.4 <0.01
>4 times/week 37.5 79.6

71+ 51 78 6.8 0.67
211 £ 171201 £ 21.6 0.83

Abbreviations: AIT, allergen immunotherapy; MT, middle turbinate.

4 | DISCUSSION

This study demonstrates that the concurrent use of AIT in
CCAD patients does improve allergy-driven tissue remod-
eling and allows de-escalation of treatment needs. A
retrospective cohort was created by a change in clinical
practice as the entity of CCAD became more defined in the
authors practice and in the literature. Patients with CCAD
were engaged in disease modifying interventions such as
immunotherapy much earlier in management compared
with historical treatment strategies.

Hallmark features of inhalant allergy include the pres-
ence of a pale, hypertrophied inferior turbinate head,
cobblestoning of the mucosa and congestion, and ede-
matous changes on the leading edge of the MT head.®

These changes can be explained by the deposition of
inhaled aeroallergens, which triggers local allergic inflam-
mation and leads to edema of the mucosa.’’ Previous
studies found MT edema to be a strong diagnostic marker
of inhalant allergy and introduced a 5-category scale
with increasing severity of edema, ranging from focal
to polypoid.>® The surgical strategy for the treatment
of CCAD patients consists of the removal of any cen-
tral compartment polypoid or edematous changes. This
often involves trimming or sculpting the MT."* Concomi-
tantly, as these central compartment changes often lead
to secondary obstruction and dysfunction of the sinuses,
a neo-sinus cavity is established to resolve any form of
pressure-induced symptoms, such as barotrauma.'® The
surgical outcome of CCAD is more favorable compared
with other phenotypical variants of CRSwNP. This has
been shown for various objective outcome measures, such
as polyp recurrence, need for revision surgery, need for
oral steroid treatment and need for systemic antibiotic
treatment.'* However, while surgery may remove the tis-
sue remodeling it does little to change the inhalant allergy
process that is thought to drive this condition. With-
out AIT, long-term treatment then only rests on ongoing
topical therapy.

A recent study has investigated similarities between
allergen sensitivity patterns of CCAD and AR and found
a high degree of resemblance. Thereby, HDM and weed
were by far the two most common allergens in the CCAD
group, rendering the sensitization pattern of our study pop-
ulation representative for the underlying inhalant allergy.’
The assessment of our patients 12 months after surgically
addressing central compartment edematous and poly-
poid changes revealed that the reformation of MT aller-
gic changes in CCAD patients on AIT was significantly
reduced, when compared with CCAD patients not on AIT.
It has been well demonstrated that in HDM-sensitized AR
patients, the use of AIT results in a significant decrease
in nasal edema, secretions, and modified Lund-Kennedy
score.”! Other landmark studies on the effect of SLIT in
AR focused on symptom scores, rescue medication scores,
onset of action, safety and patient-reported outcomes,
rather than on endoscopic findings.?>** As both patient
groups in our study underwent the same surgical strategy
and postoperative instructions with regard to topical ther-
apy, the reduction of MT edema is most likely due to the
effect of SLIT therapy.

Due to the retrospective design of our study, there are
some inherent and noteworthy limitations. While the over-
all baseline characteristics between the two groups were
very similar (Table 1), conjunctival symptoms were signif-
icantly more common in the AIT group compared with
the no-AIT group. In contrast, the rate of polysensitiza-
tion, as well as the absolute values for serum and tissue
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eosinophilia, were increased in the no-AIT group com-
pared with the AIT group, although not significantly.
Whether this represents subtle differences between patient
groups or the limitations of historically characterizing
phenotypes is uncertain.

5 | CONCLUSION

Surgery and pharmacotherapy are effective in managing
CCAD, but the addition of AIT improved allergic phe-
nomenon and allowed de-escalation of topical therapy.
Given the underlying pathophysiology of this disease, AIT
as a disease modifying intervention should be considered
in the management of CCAD. Longer term studies are
required to demonstrate further immunomodulation.
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