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ABSTRACT

Allergic fungal rhinosinusitis (AFRS) is a highly resistant disease and is challenging to treat. Patients
with recurrent attacks of the disease despite surgical management can benefit from biologics as
adjunct therapies. Dupilumab has shown promising endpoints in patients with chronic rhinosinu-
sitis with nasal polyposis (CRSWNP). This case series reports 4 patients with resistant AFRS
concomitant with asthma, for which dupilumab therapy was administered. Long-term follow-ups
showed that dupilumab improved the symptoms and improved the results of objective tools such

as imaging and pulmonary function test.
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Key Points:

Open Access

1. Dupilumab is potentially effective in patients with allergic fungal rhinosinusitis. Both clinical eval-
uation and radiological assessment results appear to be promising in patients receiving

dupilumab.

2. In patients with allergic fungal rhinosinusitis and concomitant asthma, dupilumab has been found

to improve asthma monitoring parameters.

3. Only a few minor side effects pertaining to the use of dupilumab have been reported in the

literature.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is classified into
chronic  rhinosinusitis  with nasal polyposis
(CRSWNP) and without nasal polyposis (CRSsNP).
Allergic fungal rhinosinusitis (AFRS) is an allergic
response characterized by type 2 inflammatory-
mediated reactions to a colonizing fungus in the
sinus that is not associated with tissue invasion.”
AFRS is a widely common and devastating
disease accounting for up to 32% of CRS cases
undergoing functional endoscopic sinus surgery
(FESS).>* Patients with AFRS presenting with
nasal polyps have a higher recurrence rate of
polyps after surgery. In Saudi Arabia, a study
estimated that 54.5% of AFRS patients had a
recurrence of the disease after surgery.* AFRS is
a distinguishable form of CRSwNP and s
characterized by primary localized disease with
non-invasive fungal hyphae, which causes immu-
noglobulin E (IgE)-mediated mucosal hypersensi-
tivity resulting in the formation of eosinophilic
mucin®. Unlike other phenotypes of CRSwWNP,
studies showed that the IgE level is very high in
AFRS.%7

Although classical CRS can be treated medi-
cally, AFRS is highly resistant and surgery is the
mainstay of treatment® It involves surgical
debridement of the affected sinuses to remove
the antigenic stimulation of AFRS and provide

access for  topical medical treatments.
Corticosteroid  use proved to  decrease
recurrence after surgery. Treatment with

antifungals demonstrates some benefits. Other
pharmacological agents, including allergen
immunotherapy, have less evidence for their
effectiveness.”

Biologics, as steroid-sparing agents, have
recently become an emerging therapy and estab-
lished a new era of treatment options for CRSwNP.
Omalizumab, a recombinant humanized mono-
clonal antibody directed against IgE, is the first
biologic approved for use in asthma. It has shown
great efficacy in moderate-to-severe uncontrolled
asthma and chronic spontaneous urticaria unre-
sponsive to H1-antihistamine treatment.®? For the
AFRS subtype, few cases in the literature received
omalizumab to treat AFRS refractory to surgery
and oral corticosteroids.'®'"  The majority
experienced a significant reduction in the Sino-

Nasal Outcome Test-22 (SNOT-22) and polyp
score. Dupilumab, a fully human monoclonal anti-
body to the interleukin 4 (IL-4) receptor a subunit,
is effective in type 2 inflammatory-mediated dis-
eases such as asthma and atopic dermatitis."% "3 It

also has demonstrated clinical efficacy in
CRSwNP."*

There is a paucity of evidence in the literature
for the treatment of refractory AFRS with biologics.
Most findings on the treatment of AFRS consid-
ered the CRSWNP population; therefore, it appears
difficult to make a unified conclusion for the
effectiveness of biologics in AFRS.® There are very
few numbers of exclusive cases reported in the
literature concerning AFRS outcomes after
dupilumab administration.”®'® In this report, the
authors aimed to discuss 4 AFRS cases that had
received dupilumab and resulted in favorable
endpoints.

CASE SERIES
Case 1

A 29-year-old male with a long-standing history
of bronchial asthma experienced symptoms of
nasal congestion, rhinorrhea, sneezing, coughing,
postnasal drip and itchy eyes and nose for 4 years.
His quality of life was affected, and these symp-
toms caused poor and interrupted sleeping at
night. He denied any history of atopic dermatitis,
urticaria, or food or drug allergies. He reported a
significant family history of allergy. The patient had
a history of FESS with polyp removal (twice). Upon
initial encounter, SNOT-22 score was 65, and
Asthma Control Test (ACT) score was 16. Forced
expiratory volume in 1 second (FEV1) was 69%
predicted, and FEV1/Forced Vital Capacity (FVC)
was 70% predicted. The specific IgE test was pos-
itive for cockroaches, Penicillium notatum (0.43 kU/
L), and Aspergillus Fumigatus (0.43 kU/L). The al-
lergy skin test showed a positive response to
Aspergillus Fumigatus (5 mm x 5 mm). Computed
Tomography (CT) of the sinuses revealed double-
density sign, suggesting AFRS (Table 1). The
disease was refractory despite using intranasal
corticosteroid, nasal irrigation, and nasal
decongestant. However, the asthma symptoms
were controlled using inhaled corticosteroid (ICS)
and long-acting beta-agonist (LABA). Subse-
quently, dupilumab 300 mg (biweekly) was given
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Diagnostic

criteria
of AFRS

Symptoms
(requires one or
more):

Objective
findings (requires
all):

Radiographic
Findings (highly
recommended):

Anterior and/or posterior
nasal drainage

Nasal obstruction
Decreased sense of smell
Facial pain-pressure-fullness

Presence of allergic mucin
(fungal hyphae with
degranulating eosinophils)

Evidence of fungal specific IgE
(skin test of in vitro test)

No histologic evidence of
invasive fungal disease

Sinus CT demonstrating:
e Bone erosion
e Sinus expansion
e Extension of disease
into adjacent
anatomic areas

Present

Present
Present
Present

Present

Aspergillus
Fumigatus: IgE (0.43
kU/L); Skin test (5
mm X 5 mm)

Penicillium notatum:
IgE (0.43 kU/L); Skin
test (N/A)

No evidence of
invasive fungal
disease

Diffuse obliteration
of lateral, maxillary,
ethmoidal sinuses,
and
sphenoethmoidal
recess. Erosion of
posterolateral wall
of left maxillary sinus

Present

Present
Present
Present

Present

Aspergillus
Fumigatus: IgE
(8.62 kU/L); Skin
test (N/A)

No evidence of
invasive fungal
disease

Bilateral double-
density sign in
maxillary sinuses
with obliteration of
ethmoidal sinus
and
sphenoethmoidal
recess

Present

Present
Present
Present

Present

Aspergillus
Fumigatus: IgE
(N/A); Skin test
(8 mm x 11
mm)

Cladiosporum:
IgE (N/A); Skin
test (5 mm x 5
mm)

No evidence of
invasive fungal
disease

Diffuse
opacification of
right maxillary
sinus with
double-density
sign

Present

Present
Present
Present

Present

Aspergillus
Fumigatus: IgE (N/
A); Skin test (15
mm X 10 mm)

Altenaria: IgE (N/
A); Skin test (2 mm
x 10 mm)

Cladiosporum: IgE
(N/A); Skin test (7
mm x 8 mm)

No evidence of
invasive fungal
disease

Mucosal
thickening with
double-density
opacification
involving both
maxillary antra,
ethmoid and
sphenoid sinuses,
and right frontal
sinus

(continued)
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over 5 months. The patient endorsed a dramatic
improvement in his rhinosinusitis and asthma
symptoms. On a follow-up encounter, SNOT-22
score improved to 3, and ACT score reached 22.
The eosinophil count initially was 330 cells/ul and
became approximately 1500 cells/ul after initiating
the biologic. A rinoscopy examination showed
clear sinuses and no signs of disease recurrence.
No side effects were reported during the follow-up
period. Informed consent for publishing the case
was obtained from the patient in advance.

653 kU/L

No growth

437 kU/L

Case 2

Aspergillus
flavus

A 31-year-old male with a history of childhood
asthma and CRSwWNP complained of nasal conges-
tion, sneezing, anosmia, headache, and postnasal
drip for the last 8 years. The patient endorsed a
temporary resolution of asthma symptoms during
puberty with return of illness after he started expe-
riencing nasal symptoms. The patient had a severe
systemic allergic reaction to shellfish as well. He un-
derwent FESS with polyp removal (5 times and
required 5-6 courses of systemic steroids per year.
Initially, SNOT-22 and ACT scores were 64 and 14,
respectively. FEV1 was 65% predicted, and FEV1/
FVC was 82% predicted. The serum eosinophil
counts ranged between 500 and 1200 (cells/pL). The
specific IgE test was positive to D. farina (3.12 kU/L),
D. pteronyssinus (2.56 kU/L), and Aspergillus Fumi-
gatus (8.62 kU/L). A sinus CT revealed double-
density sign, suggesting AFRS. The disease was re-
fractory despite using maximum medical therapy,
including intranasal corticosteroid and nasal irriga-
tion. The asthma symptoms were partially controlled
with the use of a high-dose combination of ICS and
LABA. Given the disease phenotype, dupilumab was
started. The patient received an initial loading dose
of 600 mg then 300 mg biweekly. Six months later,
the patient reported a dramatic improvement in the
rhinosinusitis and asthma symptoms. Upon a follow-
up encounter, SNOT-22 score improved to 7, and
ACT score reached 21. The eosinophil counts went
down to 100 (cells/pl). A rhinoscopy examination
showed clear sinuses and no signs of disease
recurrence (Fig. 1). The patient reported no side
effects during the follow-up period, and he was off
systemic steroids since the dupilumab treatment
started. The patient provided informed consent for
publishing his case presentation, including his
treatment response.

1051 kU/L

No growth

702 kU/L

No growth

Fungal culture
Total serum IgE

(possible, but not

Other diagnostic
required):

Diagnostic
Measures

criteria
of AFRS

Table 1. (Continued) Characteristics of the reported cases fulfilling the diagnostic criteria of AFRS. AFRS: Allergic Fungal Rhinosinusitis; IgE: Immunoglobulin E; N/A: not available
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Fig. 1 Post-treatment endoscopic view showing a wide patent
frontal sinus and skull base

Case 3

A 31-year-old female with a history of food al-
lergy and CRSWNP complained of nasal conges-
tion, anosmia, sinus headache, postnasal drip, and
ear fullness for the last 5 years. The patient had a
history of FESS with polyp removal (3 times). Upon
initial encounter, SNOT-22 score was 43, andse-
rum eosinophil count was 320 (cells/pl) while she
was on systemic steroids. Prick skin testing
revealed reactivity to D. farina (5 mm x 7 mm),
D. pteronyssinus (5 mm x 5 mm), Aspergillus
fumigatus (8 mm x 11 mm), and Cladiosporum
(5 mm x 5 mm). A CT of the sinuses revealed
diffuse opacification of right maxillary sinus with
double-density sign, suggesting AFRS. The patient
was treated with intranasal corticosteroid and
nasal irrigation. Sublingual immunotherapy tar-
geting the positive allergens was added. The pa-
tient had initial improvement with sublingual
immunotherapy; however, she discontinued it due
to compliance issues. The patient underwent
another FESS with a good clinical response. Cul-
ture from the sinus surgery was positive for
Aspergillus. Despite the medical and surgical
treatments, the symptoms recurred a few weeks
later. Due to the disease recurrence and frequent
surgeries, dupilumab was started at 300 mg
biweekly. Six months later, the patient reported a
dramatic improvement in her rhinosinusitis and
asthma symptoms. A follow-up assessment
revealed that SNOT-22 score improved to 5, and
no side effects were reported during the follow-up
period. Informed consent to publish the report was
obtained from the patient.

Case 4

A 33-year-old female had a history of atopic
dermatitis during childhood. She experienced
nasal congestion, nasal itchiness, postnasal drip,
and cough for the last 5 years, but no shortness of
breath or wheezing was noted. She had occasional
snoring with interrupted night sleep. She had no
eye or nose itchiness, but her father had a history
of atopy. The patient underwent FESS 11 times.
The first FESS was at the age of 17, and the last
surgery was 3 years ago. A physical exam revealed
large inferior nasal turbinates and deviated nasal
septum. Her skin prick test for allergies was posi-
tive for Dermatophagoides farinae  (+3),
D.  pteronyssinus  (+4), Aspergillus  (+5),
Altenaria (+4), and Cladiosporum (+3). On initial
evaluation, the SNOT-22 score was 74, and the
ACT score was 18. FEV1 was 82% predicted, and
FEV1/FVC was 84% predicted. A postoperative si-
nus CT revealed mucosal thickening with double-
density opacification involving both maxillary
antra, ethmoid, sphenoid sinuses as well as the
right frontal sinus (Fig. 2). In addition, diminished
aeration with fluid obliteration of left mastoid air
cells was found, suggesting acute on top of
chronic mastoiditis. The disease was refractory
despite  the regular use of intranasal
corticosteroids, oral steroids, and nasal irrigation.
Subsequently, dupilumab was started, initially at
a loading dose of 600 mg followed by 300 mg
biweekly over four months. The patient reported
a significant improvement in her rhinosinusitis
symptoms with SNOT-22 score of 6. The ACT
score improved to 21 and she had no asthma
symptoms during the treatment period. CT scan
was performed later and showed resolution of the
aforementioned findings (Fig. 3). Fig. 4 presents
the resultant endoscopic findings. The patient
tolerated the medication well with no side effects
being reported. The patient opted for utilizing
her data for research purposes and informed
consent was obtained.

DISCUSSION

The definition and diagnostic criteria of AFRS
have evolved and become more solidified and
distinct entirely. The traditional definition of AFRS
included the detection of fungi and allergic mucin
(mucus containing clusters of eosinophils) in the
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sample. However, researchers claimed that some
healthy individuals had positive growth with no
significant difference in positive growth rate when
compared to CRS patients.”” In addition, mucin with
or without fungi could be present in non-AFRS
CRS."#2% Accordingly, 2 closely related types of
CRS were proposed, namely, eosinophilic fungal
rhinosinusitis?° and eosinophilic mucin
rhinosinusitis;'® yet there has been controversy on
the distinctiveness of AFRS as a clinical phenotype
of CRSWNP.2" Although fungal sensitization may
exist in non-AFRS CRS, the elicited allergic reac-
tion producing high levels of specific IgE is typically
manifested in and may underlie the AFRS disease.??
Therefore, IgE-mediated type 1 hypersensitivity has
been incorporated under the diagnostic umbrella
of AFRS.%3 The constellation of clinical, radiological,
and immunological parameters has been of interest
for many researchers in the development of a more
reliable model for AFRS differentiation, and more
importantly, for therapeutic approach guidance.
Accordingly, high-quality guidelines and position
papers have been implemented to tackle the
aforementioned dilemma.®%42°

The authors of this report strictly adopted the
most conventional diagnostic method set by Bent
and Kuhn?? and developed by Meltzer EO et al.*®
The diagnostic criteria include (1) type |
hypersensitivity;  (2) nasal  polyposis;  (3)
characteristic CT findings; (4) eosinophilic mucin
without fungal invasion into the sinus tissue; and
(5) positive fungal stain. A positive fungal culture,
although desirable, is not necessary to make the
diagnosis.>®

Fig. 3 Post-treatment sagittal view of the CT scan showing
resolution of the characteristic double-density sign of AFRS in the
involved sinuses

The disease is mediated by type 2 inflammation
and is characterized by a high level of IgE, IL-4, and
IL-5.27 Dupilumab demonstrates its efficacy by
hindering type 2 inflammation mediators such as
IL-4, IL-13, and IgE via blocking the IL-4 a. recep-
tor subunit. Dupilumab’s mechanism of action
provides an excellent rationale for evaluating its
potential efficacy in AFRS patients. In addition to
CRSwWNP, dupilumab is an effective treatment for
other type 2 inflammation-mediated disorders,
including atopic dermatitis, asthma, and eosino-
philic esophagitis. Given the remarkable increase
in IgE and eosinophils in our patients with type 2
inflammation, along with asthma and the
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Fig. 4 Post-treatment endoscopic view showing a wide patent
frontal sinus and skull base. MT, middle turbinate

suboptimal lung function test results, dupilumab
was considered as a treatment option.

A CT scan of the paranasal sinuses is the initial
tool used to aid in the AFRS diagnosis. The char-
acteristic findings of CT imaging consist of heter-
ogenous signal hyper-intensities within the affected
sinuses filled with thick fungal mucin (hyper-atten-
uated substance), that are referred to as the "dou-
ble-density" sign.?® This radiological sign is
dominant in fungal sinusitis patients with an
occurrence rate of 92%, which is relatively higher

than other radiological features including
Parameter Case 1
SNOT-22 Before 65
After 3
ACT score Before 16
After 22
FEV1 Before 69%
After 81%
FEV1/FVC Before 70%
After 85%
Serum eosinophils Before 330
counts (cells/ul)
After 1500°

expansion of the sinus and bony erosions (81%
and 60%, respectively). In terms of its diagnostic
accuracy, the "double-density" sign has a high
diagnostic accuracy for AFRS identification
(diagnostic  accuracy = 89%), when the
histopathology is taken as the reference “gold
standard”?® Furthermore, the 2020 European
position paper on rhinosinusitis and nasal polyps
2020 (EPOS 2020) supports the criteria of CT
findings for diagnosing AFRS.® Accordingly, the
authors utilized this hallmark, along with other
diagnostic features, to make a proper diagnosis.

Our study found that clinical scoresremarkably
improved after the dupilumab injection with a five-
month follow-up time (Table 2). Moreover, our
patients experienced an improvement in asthma
symptoms and became less dependent on oral
prednisolone and asthma medications. Igbal et al
studied the response of pulmonary function test
after dupilumab and demonstrated a significant
improvement in comparison to placebo or
topical steroids.*® In our study, a remarkable
improvement was observed in the results of
pulmonary function tests as being delineated by
FEV1 and FEV1/FVC.

The optimal duration of dupilumab in CRSwNP
is unknown. According to the LIBERTY NP SINUS-
24 trial, the effect of dupilumab diminished after

Case 2 Case 3 Case 4
64 43 74
7 5 6
14 N/A 18
21 N/A 23
65% N/A 82%
79% N/A N/A
82% N/A 84%
83% N/A 88%
500-1200 320 630
100 480 123

Table 2. Laboratory, immunological and respiratory parameters before and after the administration of dupilumab. N/A, not available; SNOT-22,
SINO-NASAL OUTCOME TEST-22; ACT, asthma control test; FEV1, Forced Expiratory Volume in 1's; FVC, Forced vital capacity. “Transient eosinophilia is a known

effect of dupilumab
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discontinuation at 24 weeks.® Therefore, the
continuation of the agent is mandated to have
sustainable disease control. In our cases, the plan
is to continue dupilumab for one year, then
discuss whether continuation of the treatment is
necessary.

Few adverse effects were reported among pa-
tients with CRSWNP receiving dupilumab. These
include nasopharyngitis, injection-site reactions,
and headache.®" The results of LIBERTY NP SINUS-
24 and LIBERTY NP SINUS-52 showed that the
majority of side effects were reported in the pla-
cebo group.’® In our research, no adverse events
were reported during the biologic agent course,
and the patients tolerated the medication well.

Expert groups and advisory committees from
countries of the Gulf Cooperation Council (GCC)
support the wuse of dupilumab in resistant
CRSwNP, providing there is an evidence of type 2
inflammation (eg, total IgE >100 or serum eosin-
ophils >250), impaired quality of life (SNOT-
22 >40), and, preferably, concomitant
asthma.?*?® The present case series found
promising outcomes of the dupilumab use in
AFRS, as a subset of CRSWNP, among the Saudi
population (as part of the Gulf countries ) who
met the aforementioned criteria, with no
significant adverse events. Future studies on a
larger scale should be conducted evaluating the
use of biologics in AFRS.
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