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Abstract

Introduction: Ivacaftor is a CFTR potentiator that improves pulmonary function in cystic 

fibrosis (CF) patients with at least one copy of the G551D CFTR mutation. The purpose of this 

study is to evaluate the impact of ivacaftor on chronic rhinosinusitis (CRS) symptoms in this 

population.

Methods: The G551D Observational (GOAL) study was a multicenter prospective cohort study 

enrolling CF patients ≥ 6 years with at least 1 G551D mutation. Subjects were provided SNOT-20 

questionnaires prior to ivacaftor therapy and at 1, 3, and 6-months (m) afterwards. The impact on 

rhinologic(R), psychological(P), sleep(S), and ear/facial(E) quality of life (QOL) domains was 

evaluated separately.

Results: 129 of 153 (84%) subjects completed all questionnaires. Typical baseline symptom 

burden was low (75% with scores < 1) and degree of improvement (i.e. reduced scores) was 

greater with higher baseline scores. SNOT-20 decreased, reflecting improvement, at all follow up 
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intervals (1 m, −0.25(0.53), p<0.01; 3 m, −0.29(0.58), p<0.01; 6 m, −0.21(0.58), p=0.02), but less 

than the pre-specified minimal clinically important difference (0.8). Significant improvement was 

observed at 1, 3 and 6 m in R (1m −0.24,p<0.01; 3m −0.34,p<0.01; 6m −0.25,p<0.01) and P 

domains (1m −0.25,p<0.01; 3m −0.32,p<0.01; 6m −0.26,p<0.01), and 1 and 3 m in S domain (1m 

−0.35,p<0.01; 3m −0.32,p<0.01; 6m −0.18,p=0.07). There was no improvement in E domain at 

any time point.

Conclusion: Ivacaftor improves R, P, and S QOL in G551D CF patients, although QOL 

instruments validated for CRS may not translate well to CF CRS patients since symptom burden 

was surprisingly low.
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Introduction

Cystic fibrosis (CF) is an autosomal recessive disease that affects fluid and electrolyte 

transport in the upper and lower aerodigestive tracts. It is the most common autosomal 

recessive disease affecting the Caucasian population (1). The underlying pathophysiology of 

the disease is related to abnormal function or deficiency of the CF transmembrane 

conductance regulator (CFTR), an apical membrane anion transport channel (2). There are 

several different mechanisms by which the CFTR channel can be disrupted, including class I 

mutations resulting in defective synthesis, class II mutations which lead to defective 

processing, class III mutations that cause decreased open time of the channel, class IV 

mutations that interfere with conductance of the channel, class V mutations that result in 

unstable or insufficient channels, and class VI mutations that produce normal protein but 

have increased turnover at the cell membrane (3,4). The G551D mutation is a class 3 

mutation that results in diminished ATP binding and hydrolysis, which effectively locks the 

channel in the closed position (5).

The downstream effects of dysfunctional CFTR result in decreased airway surface liquid, 

thickened, more viscous mucus, and decreased mucociliary transport (6). Clinically, this 

leads to chronic infection of the upper and lower respiratory tracts, pancreatic insufficiency, 

and malnutrition due to obstruction of the exocrine secretory glands (7). The sinonasal 

epithelium is also composed of these same exocrine glands that, when dysfunctional, lead to 

disruption of the normal mucociliary clearance pathway (8). Abnormal anion transport 

causes a disruption of the normal lining of the sinonasal epithelium, the superficial mucus 

layer and the periciliary low viscosity layer (9). The downstream effects of this include high 

viscosity secretions that obstruct normal sinus ostia leading to hypoxia, mucosal edema and 

bacterial overgrowth (10).

In the past, therapy for CF has focused on managing the downstream effects of the 

dysfunctional CFTR channel. However, recent technological advances have allowed 

researchers to identify the molecular basis of receptor dysfunction, thereby opening the door 

for targeted drug therapy. Ivacaftor is a novel therapeutic that targets the CFTR channel 

directly, increasing the probability of the open phase of the channel. This CFTR potentiator 
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unlocks the closed state of the channel and permits activation of the channel via the normal 

cAMP/PKA signaling pathway (11). The advent of CFTR modulator therapy provides the 

opportunity to evaluate the effects of augmented CFTR function in patients. Initially 

approved for only the G551D mutation, ivacaftor imparts significant improvement in 

pulmonary symptoms and function (11-13). Studies have shown the rate of decline of 

pulmonary function is almost half that of patients managed with standard therapy (12). 

Extensive research has been conducted to evaluate the benefit of CFTR modulation on 

pulmonary function. The G551D Observational (GOAL) study reported a number of 

physiologic and clinical improvements in G551D CF patients treated with ivacaftor. CF 

related quality of life (QOL) was improved; however, the study did not focus on 

improvements in sinus disease (13). The objective of the current study is to evaluate the 

potential benefit of ivacaftor on sinonasal QOL in CF patients with at least one copy of the 

G551D mutation by using the patient cohort included in the GOAL study.

Methods

The GOAL study was a multicenter prospective longitudinal cohort study in 2012-2013 (12). 

The study comprised patients age 6 years and older with CF, at least one G551D mutation, 

and no previous exposure to ivacaftor. These patients were initiated on ivacaftor in 

2012-2013 after FDA approval of the drug for patients with G551D mutations. As part of the 

study, baseline completion of the SNOT-20 questionnaire was performed prior to initiation 

of ivacaftor therapy (14). Participants were then presented the questionnaire again at 1, 3 and 

6 months after starting the drug. SNOT-20 was utilized in this study, as opposed to the 

updated SNOT-22, as at the outset of this study it was the more established and published 

questionnaire.

Baseline composite average score per question was compared to composite average score 

per question at the 1, 3, and 6-month follow-ups. Paired t-test analysis of the change from 

baseline was used to determine the significance of improvement in the composite scores 

during the follow up period. The questionnaire was then divided into 4 subsets, as had been 

previously reported in the literature (15). The first 10 questions represent physical 

symptoms, and these were further subdivided into rhinologic symptoms (need to blow nose, 

sneezing, runny nose, postnasal drainage, and thick nasal discharge) and ear/facial 

symptoms (ear fullness, dizziness, ear pain, and facial pain/pressure). The second 10 

questions represent QOL measures, and these were further subdivided into sleep function 

(difficulty falling asleep, waking up at night, and lack of a good night’s sleep) and 

psychological function (fatigue, reduced productivity, reduced concentration, frustration/

restlessness/irritability, sadness, embarrassment). Mean scores of the 4 subsets were then 

analyzed. Baseline scores were compared to the 1, 3, and 6-month follow up scores using 

linear regression with generalized estimating equations to account for multiple observations 

per person.
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Results

A total of 153 patients were initially enrolled in the study and 151 patients started ivacaftor. 

Overall, 133 patients had documentation of follow up at all study intervals, and 129 of those 

patients had full completion of all SNOT-20 questionnaires.

Overall the average score per question was low at baseline (mean 0.90, std dev 0.75). This 

correlates to an average total SNOT-20 score of 18.09, std dev 14.99. This represents an 

overall low symptom burden from a sinonasal standpoint. Figure 1 shows average score per 

question at all time intervals, as well as average change from baseline. There was significant 

improvement at all follow up time intervals (1 month – mean 0.65, std dev 0.68, mean 

change −0.25, p-value < 0.01; 3 month – mean 0.61, std dev 0.64, mean change −0.29, p 

value <0.01; 6 month – mean 0.69, std dev 0.70, mean change −0.21, p value = 0.02).

The subset components and individual scores of the questionnaire at all time intervals are 

listed in Table 1. The subset with the highest mean baseline score was the sleep QOL subset, 

1.13. “Lack a good nights sleep” was the highest scoring component of the sleep subset with 

a score of 1.30. The lowest scoring component in the sleep subset was “Difficulty falling 

asleep” with an average score of 1.01. Baseline scores of the rhinology subset ranged from 

0.66 to 1.34, with the mean being 1.04. The highest scoring component in the rhinology 

symptom subset was “Need to blow nose” at 1.34, and the lowest scoring was “Thick nasal 

drainage” at 0.66. The psychological QOL and ear/face symptom subsets were the lowest 

scoring with average baseline scores of 0.80 and 0.31, respectively.

Table 2 details the average subset scores and their change from baseline. In regards to the 

rhinology subset, there was significant improvement in scores at all of the follow up 

intervals (1-month – mean change −0.24, p-value <0.01; 3-month – mean change −0.34, p-

value <0.01; 6-month – mean change −0.25, p-value <0.01). Similarly, there was significant 

improvement at all follow up intervals in the psychological QOL subset (1-month – mean 

change −0.25, p-value <0.01; 3-month – mean change −0.32, p-value <0.01; 6-month −0.26, 

p-value <0.01). There was significant improvement in the sleep QOL subset at the 1- and 3-

month follow up intervals. Sleep subset scores at the 6-month follow up were improved from 

baseline, though not significantly (1-month – mean change −0.35, p-value <0.01; 3-month – 

mean change −0.32, p-value <0.01, 6-month – mean change −0.18, p-value 0.07). The ear 

and facial symptom subset had overall low baseline scores, and therefore did not have 

significant improvement at any of the follow up intervals (1-month – mean change −0.06, p-

value 0.20; 3-month – mean change −0.04, p-value 0.36; 6-month – mean change 0.03, p-

value 0.61).

Discussion

In this study, the SNOT-20 questionnaire was used as an assessment of overall symptom 

burden and QOL related to sinus disease in patients with CF and the G551D CFTR 
mutation. Overall composite scores showed significant improvement after the initiation of 

ivacaftor at all of the follow up intervals. Based on a previous validity study of the SNOT-20 

questionnaire, a mean change of 0.8 over a 6-month period was deemed to be clinically 
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meaningful (14). It is recognized that the mean change in this study falls below that of the 

documented MCID. We attribute this to the overall low reported symptom burden at the 

onset of treatment, an effect previously well documented in the literature (16-19). Several 

previous studies have identified an overall low sinonasal symptom burden in the CF 

population with some reporting that less than 10% of CF patients report significant sinonasal 

symptoms, despite the presence of significant objective disease (19). Quality of life 

questionnaires, such as SNOT-20 and SNOT-22, have corroborated this finding, with 

previous studies reporting average SNOT-20/22 scores in the CF population to be around 

15-20, similar to what was found in this cohort of patients (20,21). It has been suggested that 

this is related to these patients lack of a “normal” baseline for comparison. Others have 

proposed that sinonasal symptoms are reported to be low as they are overshadowed by other 

systemic symptoms, such as significant pulmonary and/or gastrointestinal symptoms (1, 

20-23). Regardless of the exact reasoning as to why CF patients do not report a high level of 

sinonasal morbidity, the low symptom burden in these patients makes the assessment of 

response to treatment difficult.

As previously reported in the literature, the SNOT-20 questionnaire has been suggested to be 

more clinically useful if broken down into 4 subsets (15). When this was performed, we 

found that there was significant improvement in the rhinologic symptom subset, the sleep 

QOL subset, and the psychological QOL subset.

Previous reports have documented both in vivo and in vitro effects following administration 

of ivacaftor. Several case reports have reported improvement in objective CT findings in the 

sinuses of CF patients after treatment with ivacaftor (24-26). Chang et. al. also documented 

decreased viscosity of airway surface liquid in cell culture from sinus samples (25), an effect 

observed in ALI cultures of G551D epithelial cells (27). Furthermore, in vitro studies have 

shown increased anti-biofilm activity against Pseudomonas aeruginosa when ivacaftor is 

used in combination with I-Methionine, an amino acid with anti-biofilm activity (28). Given 

these previous reports, it was hypothesized that the addition of ivacaftor to the therapeutic 

regimen of G551D CF patients would lead to improvement in rhinologic symptoms. This 

study used a measure of symptom burden in order to demonstrate this improvement. The 

rhinology subset scores showed significant improvement at all follow up intervals.

As with the rhinology subset, there was significant improvement in the psychological QOL 

subset scores. Poor psychological health, which often accompanies a diagnosis of CF, has 

been shown to have deleterious effects on overall pulmonary function, treatment adherence, 

hospitalization rates, and health care costs (29). The results of this study suggest that 

patients have improved psychological health related QOL following treatment with ivacaftor. 

It is recognized that this is not attributable to improvement solely in the sinonasal realm, but 

likely related to systemic symptomatic improvement (30). Future studies should explore the 

mental health related QOL improvements in CF patients treated with ivacaftor, as mental 

health is a heavy contributor to morbidity in this patient population.

Interestingly in the sleep subset, there was significant improvement at the 1- and 3-month 

follow up. Mean scores were lower when compared to baseline at the 6-month follow up, but 

this was not significant. We postulate that the high baseline scores of the sleep subset and the 
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failure to maintain significant improvement at 6-months may be related to the impact of 

systemic CF symptoms on sleep related QOL. In general, sleep disturbances among CF 

patients is multifactorial. It has been suggested that increased mucus production and reflux 

may cause nocturnal cough, anxiety and depression may lead to difficulty falling asleep, and 

chronic pain may interfere with sleep quality (31-34).

There was no significant improvement in the ear/facial symptom subset over any time 

interval. However, this subset had the lowest average scores at baseline ranging from 0.17 to 

0.50 (mean=0.31), leaving little room for improvement. This is not surprising, as several 

previous studies have documented a low incidence of middle ear disease in patients with CF 

(35-37).

In addition to the improvements in CF related sinonasal quality of life as described here, 

ivacaftor has been shown to offer benefit systemically. While subjectively, patients do report 

improved symptoms and quality of life, objective improvements have also been documented 

in the literature. The GOAL study evaluated objective measures to determine systemic 

improvement in this patient cohort. Rowe, et al. found significant improvement in FEV1 and 

FVC in this patient cohort. In addition, there was significant improvement in sweat chloride 

assay in these patients after initiation of ivacaftor, as well as a decline in hospitalizations. 

Furthermore, there was significant improvement in all quality of life domains of the Cystic 

Fibrosis Questionnaire-Revised (CFQ-R) throughout this study. A subset of these patients 

also had sustained improvement in mucociliary clearance throughout the duration of the 

GOAL study (13).

There are several limitations to this study of note. First, while large, the study was an 

uncontrolled cohort design. Further, the authors recognize that SNOT-20 is a validated QOL 

survey for patients with non-CF chronic rhinosinusitis. While the questionnaire may be a 

good resource for evaluating QOL in CF patients, it has not been validated for this purpose 

(38). As alluded to previously, baseline SNOT-20 scores in this cohort of patients are much 

lower than what is typically observed in standard CRS patients, where average baseline 

SNOT-22 scores are generally greater than 40 (21, 39-43). This, in addition to the lack of a 

validated questionnaire to specifically target sinonasal QOL in the CF population, makes 

assessment of this patient population difficult, and highlights the importance of development 

of a sinus-specific quality of life instrument for use in the CF population. Finally, ivacaftor 

has been shown to confer benefit to other organ systems, thus improvement in SNOT-20 

scores may reflect improvement in overall systemic symptoms (30). Therefore, the 

significant improvement observed in overall SNOT-20 scores cannot be solely attributed to 

improvement in sinonasal symptoms alone.

Conclusion

While CF sinus disease does cause significant morbidity and reduced QOL, the sino-nasal 

symptom burden at baseline was quite low. Significant benefit was observed in several 

subset domains of the SNOT-20, including rhinologic QOL, indicating the drug likely 

imparts benefit for CF sinus disease in this population.
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Figure 1: 
Average score per question at all time intervals.
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Table 1.

Subset Components – Mean scores

Rhinology Subset
Baseline mean

(SD)
1 month mean

(SD)
3 month mean

(SD)
6 month mean

(SD)

Need to blow nose 1.34(1.15) 1.06(1.04) 0.94(1.13) 0.95(0.98)

Sneezing 0.78(0.91) 0.78(0.98) 0.78(0.94) 0.72(1.02)

Runny nose 1.19(1.14) 0.88(1.11) 0.65(0.96) 0.84(1.04)

Postnasal drainage 1.21(1.25) 0.78(1.06) 0.71(1.10) 0.91(1.19)

Thick nasal discharge 0.66(1.06) 0.50(0.99) 0.42(0.90) 0.50(1.00)

Ear/Facial Subset
Baseline mean

(SD)
1 month mean

(SD)
3 month mean

(SD)
6 month mean

(SD)

Ear Fullness 0.37(0.88) 0.32(0.76) 0.29(0.80) 0.39(0.92)

Dizziness 0.23(0.51) 0.19(0.59) 0.24(0.67) 0.25(0.67)

Ear pain 0.14(0.41) 0.16(0.54) 0.19(0.70) 0.25(0.75)

Face pain/pressure 0.50(1.12) 0.35(0.80) 0.36(0.81) 0.47(0.93)

Sleep subset
Baseline mean

(SD)
1 month mean

(SD)
3 month mean

(SD)
6 month mean

(SD)

Difficulty falling asleep 1.01(1.44) 0.70(1.28) 0.79(1.24) 0.94(1.38)

Waking up at night 1.09(1.39) 0.67(1.21) 0.75(1.22) 0.91(1.34)

Lack good nights sleep 1.30(1.54) 0.98(1.36) 0.90(1.29) 1.01(1.39)

Psychological Subset
Baseline mean

(SD)
1 month mean

(SD)
3 month mean

(SD)
6 month mean

(SD)

Fatigue 1.21(1.49) 0.81(1.17) 0.87(1.23) 0.88(1.33)

Reduced productivity 0.83(1.23) 0.50(1.03) 0.36(0.86) 0.46(1.00)

Reduced concentration 0.90(1.25) 0.64(1.15) 0.52(0.99) 0.68(1.19)

Frustration/Restlessness/Irritability 0.98(1.15) 0.77(1.16) 0.53(0.98) 0.66(1.05)

Sadness 0.43(0.91) 0.34(0.83) 0.38(0.92) 0.36(0.88)

Embarrassed 0.45(0.89) 0.28(0.78) 0.22(0.65) 0.22(0.68)
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Table 2.

Mean subset scores and change from baseline

Rhinology Mean (SD) Mean Change p-Value

Baseline 1.04 (0.99)

1 Month 0.80 (0.90) −0.24 <0.01

3 Month 0.70 (0.87) −0.34 <0.01

6 Month 0.78 (0.86) −0.25 <0.01

Ear/Face Mean (SD) Mean Change p-value

Baseline 0.31 (0.56)

1 month 0.26 (0.50) −0.06 0.194

3 month 0.27 (0.53) −0.04 0.355

6 month 0.34 (0.64) 0.03 0.608

Sleep Mean (SD) Mean Change p-value

Baseline 1.13 (1.34)

1 month 0.78 (1.18) −0.35 <0.01

3 month 0.81 (1.13) −0.32 <0.01

6 month 0.95 (1.23) −0.18 0.074

Psych Mean (SD) Mean Change p-value

Baseline 0.80 (0.92)

1 month 0.55 (0.85) −0.25 <0.01

3 month 0.48 (0.77) −0.32 <0.01

6 month 0.54 (0.86) −0.26 <0.01
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