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1. Abstract

Most children with cystic fibrosis suffer from secondary chronic
rhinosinusitis for which current treatment options are limited. Novel
treatment for cystic fibrosis targeting the cause of the disease shows big
promise in increasing pulmonary function, however its impact on sinus
disease is not yet properly explored. We present a case of a teenager with
chronic rhinosinusitis refractory to standard medical therapy and surgical
treatment, who showed vast improvement in sinus disease after enrollment
in CFTR modulator study. In this study we describe the patient’s outcomes
on sinus endoscopy and in patient-rated outcome measures together with
improvement in lung function over the course of over two and a half
years. Currently a growing body of evidence shows promising results of
the novel treatment primarily on lung disease. Our findings shed a light
on the impact of the currently rapidly developing modulator therapy for
cystic fibrosis-related sinus disease.
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3. Introduction

Majority of patients suffering from cystic fibrosis (CF) have chronic
rhinosinusitis (CRS). Thickened secretion of the mucosa caused by
variants of the CF transmembrane conductance regulator (CFTR) gene
leads to mucus retention, bacterial infection and chronic inflammation
within the sinuses. Current treatment options for CF-related CRS consist
mainly of decreasing the inflammation with intranasal steroids, removing
discharge with saline rinsing and surgical widening of sinus ostia during
functional endoscopic sinus surgery (FESS) in order to improve mucus
clearance. Exacerbations are treated with intravenous, oral or inhaled
antibiotics. These methods help to relieve CRS symptoms in CF patients,
but often fail to provide a long-lasting if not definite resolution of the
disease [1]. Recent advancements in CF pharmacotherapy are dominated
by the introduction of CFTR modulators.Since the introduction of
ivacaftor in 2012 several substances have been studied and included
in pharmacological treatment of CF. The most commonly reported
outcomes of studies on CFTR modulators include weight gain, decrease
in exacerbation rate and improvement in pulmonary function tests results.
Very few studies analyze the impact of CFTR modulator therapy on CRS in
CF patients [2]. The purpose of this work is to present the results of triple
therapy with VX-659, tezacaftor and ivacaftor followed by elexacaftor,
tezacaftor and ivacaftor in a teenage boy with CF-related CRS.

4. Case report

An 18-yearold boy with CF was diagnosed at the age of 9 months
with sweat chloride test confirming characteristic symptoms such as
malnutrition, fatty stools and recurrent pulmonary infections. Two
CF-causing variants were identified in both alleles of the CFTR gene:
F508del (class II) and 2183 AA>G (class I). The patient developed all CF
symptoms including pancreatic insufficiency. At the age of 10 months
Pseudomonas aeruginosa (PA) was isolated from a throat swab for the
first time. Beginning from the 6th year of life a chronic Pseudomonas
aeruginosa and methicillin-susceptible Staphylococcus aureus (MSSA)
lower respiratory tract infection was diagnosed. First inhaled gentamycin,
then colistin and amikacin were introduced for treatment of the chronic
PA infection. In 2014 (at the age of 11 years) chronic inhaled tobramycin
was started and is administered until now. In 2016 a sinus CT scan was
performed in order to assess the patient’s sino-nasal disease, due to
reported nasal blockage and recurrent nasal discharge. Scans from the
study are shown in fig. 1. The patient filled out a Polish adaptation of
SNOT-22 questionnaire, which assesses the impact on quality of life in
patients reporting sino-nasal symptoms, with a result of 54 out of 110
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points.

Figl: CT of the paranasal sinuses before FESS and enrollment in the
VX17-659-102 study. Complete of the maxillary (a) and ethmoid sinuses
(b), as well as deformed medial walls of the maxillary sinuses (c) and

polyps in the nasal cavities were found.

Since the patient was already receiving intranasal mometasone and
performing nasal saline rinsing with unsatisfactory effect he was qualified
for surgical treatment. Endoscopic sinus surgery was performed in 2017
with an oral ciprofloxacin course. Surgical findings included bilateral
polyps obstructing the middle meatus and maxillary ostium as well as
maxillary sinuses and anterior ethmoid cells with very thick purulent
mucus (fig. 2a,b). Cultures taken from the sinuses revealed PA and
MSSA etiology. Postoperative regimen included continued saline nasal
lavage and intranasal administration of mometasone. During follow-up
the patient reported nasal patency improvement and less nasal discharge.
From the 1st of August 2018 the patient was enrolled in the VX17-659-
102 study. So far this study has not been unblinded and we do not know
if he received the study drug (VX-659 240 mg once daily + tezacaftor
100 mg once daily + ivacaftor 150 mg twice daily) or placebo. Over time
since the first sinus surgery the symptoms of nasal obstruction recurred.
In September of 2018 the patient scored 34 out of 110 points in the Polish
adaptation of SNOT-22 questionnaire. On endoscopic examination polyps
were found in the right middle meatus and the patient underwent a second
FESS with a course of intravenous ceftazidime and colistin in January
2019. Findings (fig. 2c,d) included polyps in the right middle meatus
and in the right maxillary sinus and polypoid overgrowth with mucosal
abscesses in the left maxillary sinus. Little pus was found and cultures
from the sinuses returned negative. Standard treatment with saline lavage
and topical mometasone was continued. In January 2019 the patient
completed the VX17-659-102 study and was immediately enrolled in the
VX17-659-105 study, receiving VX-659 240 mg once daily + tezacaftor
100 mg once daily + ivacaftor 150 mg twice daily. In a follow-up
examination 9 months after FESS and starting triple therapy the patient
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reported a complete resolution of sinonasal symptoms including nasal
discharge, nasal obstruction, headaches, smell impairment and postnasal

drip. Complete resolution of CRS signs was found in endoscopy (fig.
2e,f). In the Polish adaptation of the SNOT-22 questionnaire the patient

scored 5 out of 110 points.

Fig 2: Endoscopy findings: view of the right (a,c,e) and left (b,d,f)
maxillary sinuses during first FESS in 2017 (a,b), second FESS in January
2019 (c,d) and nasal endoscopy in October 2019 (e,f).

Finally, in March 2020 he was transferred from the VX17-659-105 study
to the VX18-445-113 study, receiving elexacaftor (VX-445) 200 mg once
daily + tezacaftor 100 mg once daily + ivacaftor 150 mg twice daily.

During the patient’s participation in the VX17-659-102, VX17-659-105
and VX18-445-113 studies gradual improvement in forced expiratory
volume in 1 second (FEV1) from 62% predicted in August 2018 up to
86% predicted in May 2021 was observed (Table 1). Also a significant
improvement in nutritional status was noted, with his body mass index
(BMI) standard deviation (SD) increasing from -1,17 (14th percentile) in
August 2018 to -0,35 (38th percentile) in May 2021. During the VX17-
659-102 and VX17-659-105 studies only 1 adverse event, a pulmonary
exacerbation, treated with oral ciprofloxacin, has been reported. During
VX18-445-113 study the patient was diagnosed of Gilbert’s syndrome
which is not related to the treatment he receives and he was also treated

for Lyme disease.

Table 1: Patient’s FEV1 and BMI SD before and during participation in
the VX17-659-102, VX17-659-105 and VX18-445-113 studies.
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Date FEV1 BMI SD
28-Aug-18 62% -1.17
17-Dec-18 67% -1.2
25-Jan-19 91% -1.2
13-May-20 93% 0.87
24-May-21 86% -0.35

5. Discussion

Sino-nasal disease is found in almost all patients with cystic fibrosis (3, 4,
5), with fully symptomatic CRS diagnosed in about 60% [6]. CF-related
CRS presents differently from primary CRS, with mild symptoms and
severe radiological manifestation. The importance of CRS treatment
in CF patients has been brought up with increasing frequency over the
previous years. An impact of sinusitis on both quality of life and severity
of lower airway disease is postulated [6, 7]. Current treatment options in
patients with CF-related CRS are limited. The mainstay of conservative
management includes nasal irrigation and topical steroids, although
available data to back up the effectiveness of these methods of treatment
is very limited [8]. Sino-nasal vibrating inhalation with both 6% and 0,9%
NaCl showed minimal improvement of symptoms in CF-related CRS [9].
Topical dornase alpha was shown to have a positive effect in two studies
[10, 11], however due to high cost, this method of treatment is rarely
used. Both topical Colistin and Tobramycin have been found to reduce the
bacterial load in the sinuses [7, 12]. Only two studies analyzed the effect
of topical steroids on CRS in CF patients with positive effect, of which
one was prospective [13, 14, 15]. Data regarding treatment in children is
even more limited. While both saline irrigation and topical steroids are
widely believed to be safe in children, their positive effect on disease
course is uncertain [4, 5]. The presented patient was treated conservatively
with intranasal steroids and nasal lavage with minor improvement before

surgical treatment was introduced.

Surgical management of CF-associated CRS is widely accepted as
endoscopic sinus surgery has been found to be effective in decreasing
symptoms of CRS [16]. Surgery can be seen as an aid in conservative
management of more severe cases [16]. FESS in children with cystic
fibrosis is considered to be safe [17, 18], however there is a wide variation
in frequency of FESS performed in children with CF in different hospitals
[18]. FESS facilitates a better penetration of intranasal steroids and better
debridement with saline lavage but does not target the cause of CF-related
CRS. Some studies have shown improvement in quality of life after
FESS [19], while the expected positive impact on lung function has not
been proven [20]. Novel treatment options based on CFTR modulators
such as ivacaftor, lumacaftor, tezacaftor and most recently elexacaftor
appeared over the last decade. Ivacaftor, a CFTR potentiator, introduced
in 2012 is the first introduced CFTR modulator. It increases ion flow
through dysfunctional CFTR chloride channel [21]. In monotherapy it is
applicable in less than 10% of CF patients, as only some genotypes are
susceptible to this treatment alone [21]. In 2015 a new treatment option
emerged for a wider population of CF patients, as Ivacaftor in combination
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with lumacaftor, a CFTR corrector, was approved for treatment in patients
homozygous for the F508del -variant [21]. Lumacaftor, as well as the
newer tezacaftor and elexacaftor increase the presence of the CFTR
channel on the cell membrane. Patients receiving CFTR modulators in
various combinations show improvements in lung function and overall
quality of life with very few studies reporting results regarding sinus
symptoms [2, 22]. The newest combination of ivacaftor, tezacaftor and
elexacaftor (so-called “triple therapy”) is proven to be effective in patients
with one copy of the F508del variant, which means it can have effect
in about 90% of the population suffering from CF [23]. Triple therapy
has been found to improve both FEV1, pulmonary symptoms and sweat
chloride tests in patients with one or two copies of the F508del variant [23,
24]. Sino-nasal outcomes of CFTR modulator treatment are not yet vastly
explored, with only a few studies focusing on them up to date. Chang et
at. first reported a case of dramatic improvement of CRS symptoms as
well as airway surface liquid pH and viscosity in an adult with a G551D
CFTR variant after 10 months of receiving ivacaftor in monotherapy [25].
The impact on sinus disease of triple therapy with ivacaftor, tezacaftor and
clexacaftor has been shown in a significant decrease of SNOT-22 results
in 43 adult patients after 3 months of treatment by DiMango et al. [26] and
in a varied period after initiation of therapy by Douglas et al. [27].

6. Conclusion

The improvement in our patient was visibly larger than in other children
with CF undergoing FESS. With such observations there is hope for
modulator therapy to have a vast positive impact on CF-related CRS
treatment and further investigations will show whether triple therapy or
any novel CFTR modulator treatment has the potential to even prevent
sinus surgery in CF-related CRS. With a growing number of patients
receiving novel modulator treatment, also among children, subsequent
large-scale studies are needed to show a definitive positive impact of
modulator therapy on sino-nasal disease in cystic fibrosis.
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