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ABSTRACT

Acid inhibitors have been considered in treating gastroesophageal reflux-related cough
(GERC). Compared to proton pump inhibitors (PPIs), potassium-competitive acid blockers
(P-CABs) have more potent and durable effects on anti-acid secretion. However, whether
vonoprazan and esomeprazole have different therapeutic effects on GERC remains unknown.
Patients diagnosed with GERC were enrolled in our study and randomly treated with
vonoprazan (20 mg, once daily, P-CAB) or esomeprazole (20 mg, twice daily, PPI) for two
months. A prokinetic agent was also administered. Patients were followed up once a month.
Cough severity visual analogue scale (VAS) was measured as the primary outcome, while
cough symptom score (CSS) and scores for cough-related quality-of-life or reflux-related
symptoms were the secondary endpoints. A total of 50 patients completed the study, with
25 patients in each group. P-CAB and PPI groups showed similar decreases in cough severity
VAS and CSS scores after the 2-month treatment (all P < 0.001). For quality-of-life, the
Leicester Cough Questionnaire (LCQ) score increased significantly from baseline in both
groups, but the P-CAB group had greater improvement and a higher LCQ score in month 2
(all P<0.05). For reflux-related symptoms, the Hull Airway Reflux Questionnaire (HARQ)
score declined substantially over time in the P-CAB group, while the reflux symptom index
(RSI) score decreased in both groups. The P-CAB group tended to have a lower HARQ (P=
0.051) and RSI (P=0.069) scores in month 2. In conclusion, vonoprazan may be comparable
to esomeprazole in cough symptom relief in GERC during the 2-month treatment period, but
possibly provides better gains on classic reflux symptoms and quality-of-life. The long-term
efficacy of P-CABs on GERC may be worth further exploration.

Trial Registration: Chinese Clinical Trial Registry Identifier: ChiCTR2200067089

Keywords: Gastroesophageal reflux; potassium-competitive acid blocker; proton pump inhibitor;
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INTRODUCTION

Gastroesophageal reflux-related cough (GERC), an extraesophageal syndrome of
gastroesophageal reflux disease (GERD), is one of the common etiologies of chronic cough.!
Globally, the prevalence of GERC varies between regions, ranging from 2% to 86% and
accounting for around 4.6% in China.'? It poses considerable implications on the quality-of-
life and labor productivity of patients.

Proton pump inhibitors (PPIs), such as esomeprazole, have been applied as the first-line
treatment for GERD worldwide for more than 20 years.? The efficacy of PPIs on GERC may
not be dismissed, especially for patients with peptic symptoms or acid reflux.*> However,
there are some pharmacological deficiencies, including short half-life, slow onset of action,
short duration of anti-secretion, etc.°

Potassium-competitive acid blockers (P-CABs), such as vonoprazan, are a class of novel

acid inhibitors. Compared to PPIs, P-CABs are stable in acidic environments and have a
faster onset and a longer duration of acid suppression.® In the clinical efficacy, P-CABs were
non-inferior or superior to PPIs on reflux-related symptoms resolution (such as heartburn
or regurgitation) and healing esophagitis in the short-term and long-term maintenance
therapy.” Recently, P-CABs have been recommended as an initial or maintenance treatment
for GERD."

Nevertheless, there is still lack of evidence to clarify whether the efficacy of P-CABs and
PPIs on GERC is different. This pilot study aimed to compare the effect of vonoprazan and
esomeprazole on cough relief, and the improvement of classic reflux symptoms and quality-
of-life in patients with GERC during the two-month treatment period.

MATERIALS AND METHODS

Participants

Patients with chronic cough (lasting for more than 8 weeks) referred to the First Affiliated
Hospital of Guangzhou Medical University were screened from 2022 to 2023. According to the
diagnostic algorithm in the Chinese national guideline,® patients initially underwent a series
of diagnostic work-ups for cough-etiological diagnoses in our or other hospitals, including the
pulmonary function test and bronchial provocation test, induced sputum cytology, fractional
exhaled nitric oxide, allergen-specific immunoglobulin E, and chest radiograph or computed
tomography. The common etiologies of chronic cough (including cough variant asthma,
eosinophilic bronchitis, upper airway cough syndrome, etc.) were ruled out in combination
with these diagnostic workups.'? The 24-hour esophageal impedance-pH monitoring was
performed on those with unclear etiology and suspected of GERC as possible.

Patients with a DeMeester score > 12.7, symptom association probability > 80%, and/or an
increased number of reflux episodes (at least 73 reflux events per 24 hours) were enrolled.>
If the ambulatory reflux monitoring was not available, patients needed to meet the criteria:
1) presenting cough associated with eating; 2) with typical GERD symptoms (including
heartburn, regurgitation, etc.), or at least one questionnaire score exceeding the cutoff values
of gastroesophageal reflux disease questionnaire (GerdQ) score of > 8, Hull Airway Reflux
Questionnaire (HARQ) score of > 24," or reflux symptom index (RSI) score of > 13.1 Those
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chest imaging, or a history of esophageal or gastrointestinal disorders that may influence the
therapeutic response were excluded.

Patients recruited into the study were divided by simple randomization and orally treated
with vonoprazan (20mg, once daily) or esomeprazole (20 mg, twice daily) for 2 months.
These dosages were in common use to treat GERD and GERC in accordance with guidelines
or expert consensus.''>" Vonoprazan was taken either before or after a meal, while
esomeprazole was administered about 30 minutes before breakfast (or the first substantial
meal of the day) and dinner. Randomization numbers were computer generated and allocated
in order of enrollment. A prokinetic agent (Itopride, 50 mg, 3 times daily) was also added

to provide more potential therapeutic gains, due to the possible combination of esophageal
dysmotility®* and limited routine use of esophageal manometry in the respiratory clinic.
Approximately 30% of patients in each group received dextromethorphan for around 7 days
because they suffered from unbearable cough in the initial phrase of treatment.

Patients were followed up once a month. Questionnaires for evaluating cough symptoms
(cough severity visual analogue scale [VAS], cough symptom score [CSS]), cough-related
quality-of-life (Leicester Cough Questionnaire [LCQ]), and reflux-related symptoms (GerdQ,
HARQ, and RSI) were employed at baseline and each follow-up. The reflux-related symptoms
addressed in these questionnaires included classic reflux symptoms (such as heartburn,
regurgitation, and belching) and extraesophageal manifestations (including cough and
pharyngeal symptoms).

Both vonoprazan and esomeprazole used in the study are common medications for GERD or
GERC recommended by guidelines or specialist consensus."**!'2 The study was approved by
the Ethic Committee of the First Affiliated Hospital of Guangzhou Medical University with
registration number ChiCTR2200067089. Informed consent was obtained from all patients
included in the study.

Statistical analysis

The primary end point was cough severity VAS score after 2 months of treatment along with
the change from baseline to post-treatment, while others were defined as the secondary end
points including the CSS, LCQ, GerdQ, HARQ, and RSI scores at each visit. The Shapiro-Wilk
test was performed on each variable to identify normal distribution. Continuous variables
with normal distribution are presented as mean # standard deviation (SD); otherwise, they
are expressed as median and interquartile range. Categorical variables are described as
numbers (percentages).

For baseline variables, significant differences between the two groups were analyzed by
the independent-samples t test, Mann-Whitney U test, Pearson ? test or Fisher’s Exact test
as appropriate. Additionally, the change value of each questionnaire score from baseline
to posttreatment was also calculated, and the independent-samples t test was performed
to identify the differences. For the primary and secondary efficacy outcomes, statistical
differences between 2 groups were analyzed by using Generalized Estimation Equations.
The Bonferroni test was chosen for multiple comparisons on the differences in efficacy at
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different time points between the P-CAB group and PPI groups. Statistical analysis was
conducted using SPSS (version 25.0; IBM Corp., Armonk, NY, USA). A Pvalue of less than
0.05 was considered statistically significant.

This study was a pilot study for comparing the efficacy of vonoprazan and esomeprazole

on GERC. The sample size was set by reference to the published studies on GERD.?>* Also,
according to the previous study on GERC,* we assumed that the mean VAS score was 38 after
2-month treatment of esomeprazole, and the SD was 19. A difference of 15 in the VAS score
has been considered clinically significant.?® Hence, the VAS score in the vonoprazan group
was assumed to be 15 points lower than that in the esomeprazole group. The Alpha and Beta
risks were set at 5% and 20%. Considering a dropout rate of 20%, 32 patients were planned to
be recruited in each group.

RESULTS

Demographic and clinical characteristics

A total of 66 patients with GERC meeting the criteria were recruited in the study; 34 and 32
patients randomly received vonoprazan and esomeprazole, respectively. Finally, there were 25
patients in each group completing 2 phases of treatment (Fig. 1). No significant difference was
found in the dropout rate between the P-CAB and PPI groups (26.5% vs. 21.9%, P = 0.663).

The mean age of subjects was 42.08 + 13.36 in the P-CAB group and 37.36 + 11.54 in the PPI
group. Females accounted for 56.0% in the P-CAB group and 60.0% in the PPI group. Chest
tightness, sour regurgitation, and belching were common accompanying refluxed-related
symptoms in the two groups. Patients with positive DeMeester score, AET, SAP or reflux

Recruited GERC patients
(n=66)

P-CAB group PPI group
(n=34) (n=32)

Completely drop out (n=1)
< > Irregular treatment (n =1)
Upper respiratory infection (n =1)

Completely drop out (n=1)
Irregular treatment (n =1)

Completing 1-month treatment Completing 1-month treatment
(n=32) (n=29)

Irregular treatment (n = 4)
Upper respiratory infection (n = 2)
Complicating with other etiologies (n = 1)

Irregular treatment (n = 3)
Refusing to follow-up (n =1)

A

A, A

Completing 2-month treatment Completing 2-month treatment
and included for analysis and included for analysis
(n=25) (n =25)

Fig. 1. The flow chart of the study.
GERC, gastroesophageal reflux-related cough; P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor.
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Table. Demographic and clinical characteristics of enrolled patients with gastroesophageal reflux-related cough

Characteristics P-CAB group (n = 25) PPI group (n = 25) Pvalue
Age (year) 492.08 +13.36 37.36 + 11.54 0.188
Sex
Male 11 (44.0) 10 (40.0) 0.774
BMI (kg/m?) 29.07 + 2.90 29.99 + 3.42 0.822
Clinical features
Chest tightness 15 (60.0) 15 (60.0) 1.000
Chest pain 2 (8.0) 5(20.0) 0.417
Sour regurgitation 15 (60.0) 14 (56.0) 0.774
Belching 10 (40.0) 14 (56.0) 0.258
Heartburn 8(32.0) 9 (36.0) 0.765
Abdominal distension 6 (24.0) 9 (36.0) 0.355
Abdominal pain 5(20.0) 4 (16.0) 1.000
Comorbidities
GERD 1(4.0) 1(4.0) 1.000
Gastritis/duodenitis 9 (36.0) 9 (36.0) 1.000
0SAS 1(4.0) 3(12.0) 0.609
Cardiovascular diseases 2(8.0) 0(0.0) 0.490
Spirometry parameters n=22 n=24
FEV1 %pred 103.19 = 10.64 96.82 + 10.24 0.044
FVC %pred 103.92 £ 12.45 100.15 +13.74 0.337
FEV1/FVC 84.26 + 6.14 82.82 + 7.46 0.481
Reflux monitoring metrics n=23 n=17
DeMeester score 4.65 (0.68-13.80) 6.50 (2.34-16.95) 0.746
AET 1.30 (0.10-4.20) 1.60 (0.38-3.90) 1.000
Reflux episodes per 24 h 88.00 (73.00-115.00) 116.00 (86.00-148.00) 1.000
Acidic reflux 29.00 (5.00-40.00) 36.00 (27.00-52.50) 0.055
Weakly acidic reflux 44.00 (32.00-64.00) 58.00 (34.50-85.50) 0.126
Weakly alkaline reflux 11.00 (1.00-31.00) 17.00 (6.00-32.00) 0.315
SAP
Acid reflux > 80% 11 (48.0) 10 (59.0) 0.491
Weakly acidic reflux > 80% 13 (57.0) 10 (59.0) 0.884
Weakly alkaline reflux > 80% 1(4.0) 4 (24.0) 0.144

Data are presented as mean + standard deviation, medians (interquartile range), or number (%). N is the total
number of patients with available data. Cardiovascular diseases included hypertension, coronary artery disease
and arrhythmia. The SAP was recorded to evaluate the association between cough and reflux. The significant
differences between the two groups were analyzed by the Independent-samples t test, Mann-Whitney U test,
Pearson y* test or Fisher’s exact test as appropriate.

P-CAB, potassium-competitive acid blocker; PPI, proton-pump inhibitor; BMI, body mass index; GERD,
gastroesophageal reflux disease; OSAS, obstructive sleep apnea syndrome; FEV1, forced expiratory volume in 1
second; FVC, forced vital capacity; AET, acid exposure time; SAP, symptom association probability.

episodes accounted for 32.5%, 22.5%, 82.5%, and 80%, respectively. The demographic and
baseline clinical characteristics were comparable between the two groups (all P> 0.05; Table).

Changes in cough symptom scores and quality-of-life

For cough symptom, the cough severity (VAS and CSS) scores showed significant reductions
from baseline to month 1 and month 2 in the P-CAB and PPI groups (Fig. 2). However, no
significant differences were found in these scores between two groups at any visit (all P>
0.05). The mean changes in VAS and CSS scores after two-month treatment were 26.60 +
22.95and 1.72 £ 1.70, respectively, in the P-CAB group; and 32.08 + 24.80 and 1.56 + 1.50,
respectively, in the PPI group. There were no significant differences in the mean changes
between the 2 groups.

With regard to quality-of-life, the P-CAB and PPI groups showed significant increases in the

total LCQ score and three domain scores (Fig. 3). Compared to the PPI group, the P-CAB
group had greater improvement and a higher score in total LCQ in month 2 (mean changes:
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m PPl m P-CAB = PPl m P-CAB
72 5

Cough VAS
CSS

Baseline  Month1 Month 2 Baseline  Month1 Month 2

o

Fig. 2. Changes in cough symptom scores over time in the P-CAB and PPI groups.

(A) Changes in cough VAS score. (B) Changes in CSS score.

P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor; VAS, visual analogue scale; CSS, cough
symptom score. Each score is presented as the mean value and standard error. *P < 0.05 and **P < 0.01 were
compared with baseline, while TP < 0.05 and TP < 0.01 were compared with month 1.
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Fig. 3. Changes in scores for cough-related quality-of-life over time in the P-CAB and PPI groups.

(A) Changes in the total LCQ score. (B) Changes in the physical domain score. (C) Changes in the psychological
domain score. (D) Changes in the social domain score.

P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor; LCQ, Leicester Cough Questionnaire.
Each score is presented as the mean value and standard error. “P < 0.05 and **P < 0.01 were compared with
baseline, while TP < 0.05 and TP < 0.01 were compared with month 1. *p < 0.05 was compared with the PPI group.

4.66 +3.98 vs. 2.07 £ 4.23; P=0.05), so did in the physical and social domains (mean
changes: 1.16 £ 1.04 vs. 0.49 + 1.12 for physical domain, P=0.053;1.97 +1.72 vs. 0.75 + 1.67
for social domain, P=0.028).
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Fig. 4. Changes in scores for reflux-related symptoms over time in the P-CAB and PPI groups.

(A) Changes in GerdQ score. (B) Changes in HARQ score. (C) Changes in RSl score.

P-CAB, potassium-competitive acid blocker; PPI, proton pump inhibitor; GerdQ, gastroesophageal reflux disease questionnaire; HARQ, Hull Airway Reflux
Questionnaire; RSI, reflux symptom index.

Each score is presented as the mean value and standard error. *P < 0.05 and **P < 0.01 were compared with baseline, while TP < 0.05 and TP < 0.01 were
compared with month 1.

Changes in reflux-related scores

The two groups had no significant changes in the GerdQ score from baseline to months 1 and
2. There were also no statistical differences in the GerdQ score between the two groups either
at any time points (Fig. 4A). The mean HARQ score significantly declined in the P-CAB group
compared to baseline (all P < 0.01), but no statistical significance was found in the PPI group
(Fig. 4B). The RSI score decreased over time in the two groups. In the P-CAB group, unlike

in the PPI group, the RSI score was significantly lower in month 2 than in month 1 (Fig. 4C).
both HARQ and RSI scores were lower in the P-CAB group than in the PPI group in month
2(15.39 +11.10 vs. 21.26 + 9.50 for HARQ, P=0.051; 8.41 +5.70 vs. 10.84 + 5.36 for RSI, P=
0.0069 each).

DISCUSSION

To our knowledge, this is the first study to compare the efficacy of P-CABs and PPIs in
patients with GERC. The results suggested that vonoprazan and esomeprazole could have
similar efficacy on cough relief, while vonoprazan may improve classic reflux symptoms and
quality-of-life more significantly after the two-month treatment. As reported in previous
studies on GERD, there were no significant differences in or non-inferiority to P-CABs to
PPIs in relieving reflux-related symptoms (such as heartburn and regurgitation) and healing
erosive esophagitis at 4 or 8 weeks of treatment.”#2"*% In the long-term maintenance
studies, vonoprazan could provide persistent effects and may be highly efficacious than some
PPIs.”!*% However, the long-term efficacy of P-CABs on GERC and the differences from PPIs
need further exploration.

The cough symptom was alleviated after acid suppressive therapy, which indicated that the
efficacy of anti-acid secretion on GERC may not be dismissed. Previous studies reported
that both proximal acidic reflux and distal reflux reflexes correlated to reflux-related cough
in patients with GERD, with distal reflux predominant.? In guinea pig models, repeated
acid perfusion into the lower esophagus could potentiate cough hypersensitivity, airway/
esophageal inflammation (especially neurogenic inflammation), and tracheal microvascular
leakage.”* Therefore, the esophageal-bronchial cough reflex has been increasingly
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considered the primary mechanism of GERC, rather than aspiration that directly irritates
trachea.?* It is indicated that inhibiting acid secretion may help prevent the persistent
occurrence of neurogenic inflammation in esophagus and trachea, thereby decreasing cough
hypersensitivity and improving cough symptom.

The clinical efficacy of P-CABs and PPIs may be associated with their distinct
pharmacodynamic and pharmacokinetic activities. In contrast to PPIs, P-CABs reversibly
inhibit the activity of gastric hydrogen potassium adenosine triphosphatase (H', K*-ATPase)
by competing with luminal K* ions.® The metabolism of P-CABs is mainly via CYP 3A4/5
rather than CYP 2C19, and is not susceptible to genetic polymorphisms of CYP 2C19.¢
Therefore, P-CABs present higher bioavailability, prolonged half-life, and more potent and
durable acid inhibition than PPIs.® These may explain that patients with vonoprazan possibly
showed greater improvement in classic reflux symptoms than those with esomeprazole in
month 2.

Moreover, as PPIs are acid-labile,**' formulation type and timing of dosing can affect the
efficacy of PPIs. To achieve maximum therapeutic efficiency, dosing should be given 30-60
minutes before breakfast or the first substantial meal of the day. For twice-daily dosing,

the others should be received 30—-60 minutes before dinner.>* Conversely, as P-CABs are
independent on acid-catalyzed activation and stable in acidic environments, the efficacy of
gastric acid inhibition is irrespective of meal time.® The recommended dosage of vonoprazan
for GERD is 20 mg once daily,”" while the suggested dosage of PPIs was twice daily for
GERD-suspected chronic cough.'>" Overall, P-CABs may provide simpler usages and
enhance patients’ compliance, and thus improve the effectiveness and quality-of-life.

There were nonparallel changes between the improvements in cough and classic reflux
symptoms after the treatment with vonoprazan when compared to esomeprazole. It

might be associated with the heterogeneity on clinical features between GERD and GERC.
Additionally, 43%-75% of GERC patients without classic reflux symptoms presented

with cough as the main or sole symptom.” When reflux causes cough, there may be no
gastrointestinal symptoms up to 75% of time.* The guideline on GERC suggested that
gastrointestinal symptoms will respond within 4-8 weeks, while the improvement in

cough may take up to 3 months.®® Another potential contributor might be the mechanistic
heterogeneity on cough and reflux symptoms. The esophageal-bronchial cough reflex
possibly contributes to GERC.?** Reflux and neurogenic inflammation often initiate a vicious
cycle, causing consistent cough hypersensitivity.>* However, the classic reflux symptoms are
directly triggered by noxious refluxates (especially acidic refluxate) activating nociceptive
receptors in the esophagus.>** Suppressing gastric acid secretion can reduce the noxious
stimulation or injury of esophageal mucosa rather than directly inhibiting neurogenic
inflammation, which may be related to the faster resolution of reflux symptoms.

Additionally, the cough relief was also not parallel to the improvement of quality-of-

life, which may correlate to different measurement dimensions and time frames of the
questionnaires. The cough symptom scores used in the study assess one dimension on the
impact of cough, and mainly focus on the current conditions.* The LCQ comprises of three
domains (physical, psychological, and social) for evaluating quality-of-life within 2 weeks.>*
There was only moderate correlation between cough severity VAS score and LCQ score.”
What is more, the perception of the impact on quality-of-life has individual variances due to
age, education, social background, and so on.
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There are some limitations in the study. First, this is an open-label pilot study aiming to
preliminarily describe the different efficacy between P-CAB and PPI on GERC. Due to lack of
a control group or crossover design, the potential occurrence of natural improvement and the
placebo effect of medications cannot be ruled out. Randomized, double-blind, and placebo-
controlled clinical trials with larger sample sizes and greater statistical powers should be

planned and performed in subsequent research. Secondly, the objective cough frequency
monitoring was not performed to assess the efficacy of treatment due to the unavailable use
of cough monitor devices in China.

In conclusion, vonoprazan and esomeprazole possibly achieved comparable efficacy on
cough symptom relief in patients with GERC during the two-month treatment period. In
terms of classic reflux symptoms and quality-of-life, P-CABs may provide better therapeutic
gains. The long-term efficacy of P-CABs on GERC may be worth further exploration.
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