
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ipgm20

Postgraduate Medicine

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ipgm20

Potassium-competitive acid blockers: rethinking
acid suppression for gastroesophageal reflux
disease and Helicobacter pylori

Carol M. Antequera, Kimberly Orleck, Rinu Jacob, Amy Kenneally & Wendy L.
Wright

To cite this article: Carol M. Antequera, Kimberly Orleck, Rinu Jacob, Amy Kenneally &
Wendy L. Wright (2024) Potassium-competitive acid blockers: rethinking acid suppression
for gastroesophageal reflux disease and Helicobacter pylori, Postgraduate Medicine, 136:2,
131-140, DOI: 10.1080/00325481.2024.2320081

To link to this article:  https://doi.org/10.1080/00325481.2024.2320081

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 06 Mar 2024.

Submit your article to this journal 

Article views: 526

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ipgm20
https://www.tandfonline.com/journals/ipgm20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00325481.2024.2320081
https://doi.org/10.1080/00325481.2024.2320081
https://www.tandfonline.com/action/authorSubmission?journalCode=ipgm20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ipgm20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00325481.2024.2320081?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00325481.2024.2320081?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00325481.2024.2320081&domain=pdf&date_stamp=06 Mar 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/00325481.2024.2320081&domain=pdf&date_stamp=06 Mar 2024


REVIEW

Potassium-competitive acid blockers: rethinking acid suppression for 
gastroesophageal reflux disease and Helicobacter pylori
Carol M. Antequeraa, Kimberly Orleckb, Rinu Jacob c, Amy Kenneallyc and Wendy L. Wright d

aDivision of Gastroenterology, University of Miami, Miami, FL, USA; bAtlanta Gastroenterology Associates, Atlanta, GA, USA; cPhathom 
Pharmaceuticals, Florham Park, NJ, USA; dWright & Associates Family Healthcare PLLC, Amherst, NH, USA

ABSTRACT
Gastroesophageal reflux disease (GERD) and Helicobacter pylori (H. pylori) infection are different disease 
states that are united by the core role of acid suppression in their management. In GERD, proton pump 
inhibitors (PPIs) have long been standard therapy based on abundant positive clinical trial data supporting 
their efficacy and safety. In H. pylori, PPIs are also a critical element of therapy in combination with 1 or more 
antibiotics to achieve and maintain a pH that maximizes the efficacy of therapy. Despite the considerable 
clinical success and widespread use of PPIs, room remains for agents with differentiated pharmacokinetic 
and pharmacodynamic profiles. The potassium-competitive acid blockers (PCABs) are mechanistically 
distinct from PPIs but are acid-stable and do not require activation of the proton pump by coadministration 
of food. In pharmacodynamic studies, these agents have shown greater durations of acid suppression above 
the critical threshold of pH 4 (for GERD) and pH 6 (for H. pylori), which have been shown to optimize 
therapeutic efficacy in these settings. These results have translated in clinical studies to similar and, in some 
cases, improved outcomes relative to PPIs in these disease states. This review summarizes current knowl
edge on the physiology of acid secretion, pathophysiology and management of GERD and H. pylori, and key 
characteristics and clinical trial data for PPIs and PCABs.

ARTICLE HISTORY
Received 18 October 2023  
Accepted 13 February 2024  

KEYWORDS
Gastroesophageal reflux 
disease; Helicobacter pylori; 
proton pump inhibitors; 
potassium competitive acid 
blockers; clinical trials; 
patient management; 
therapy

1. Introduction

Gastroesophageal reflux disease (GERD) and Helicobacter pylori 
infection are common and clinically consequential diseases 
affecting millions worldwide. These otherwise disparate dis
eases are united by the fact that gastric pH not only plays a 
key role in modulating disease severity and progression but is 
also a key treatment target [1,2].

GERD – a disorder characterized by reflux of gastric contents 
into the esophagus – is one of the most common gastrointestinal 
diseases. Based on self-report studies, heartburn and/or acid 
regurgitation occurs at least weekly in up to 20% of people, 
many of whom have significant symptoms such as pain and 
dysphagia [3,4]. GERD is not a single disease; instead, it consists 
of a spectrum of multiple phenotypes with different underlying 
mechanisms and treatment considerations [5].

Diseases causally linked to H. pylori infection are sources of 
considerable morbidity and mortality worldwide. Between 
40% and 50% of people globally carry H. pylori chronically, 
although regional prevalence varies substantially even within 
individual countries [6,7] Although histologic gastritis occurs 
in all people infected with H. pylori, the majority never experi
ence overt clinical symptoms. In 10% to 20% of infected 
patients, chronic gastritis and progressive damage to the gas
tric mucosa ultimately leads to peptic ulcers [8]. Although 
perhaps underappreciated as a causative factor for cancer,

chronic H. pylori infection dramatically increases the risk for 
gastric adenocarcinoma and marginal zone B-cell lymphoma 
of MALT type [9]. It has been estimated that between 1% and 
3% of people infected with H. pylori will develop gastric cancer 
and <0.1% develop MALT lymphoma [10,11].

Standard therapy for GERD and H. pylori includes acid-suppres
sive treatment [1,2]. The introduction of proton pump inhibitors 
(PPIs) to US clinical practice in 1989 marked a revolution in the 
management of these diseases, and they have since become the 
first-line standard of care for GERD and an integral part of combi
nation therapy, along with antibiotics, for H. pylori infection, largely 
supplanting older drugs such as histamine-2 (H2) receptor antago
nists for most patients [1,2]. Since their introduction, advances in 
acid-suppressive treatment in the US have primarily been related 
to the introduction of new and reformulated PPIs.

Potassium-competitive acid blockers (PCABs) are a well- 
established therapy outside of the US, having been first 
approved in Japan in 2014. However, it was not until 2022 
that the PCAB vonoprazan received its first approval in the US 
[12]. Like PPIs, PCABs exert their acid-suppressive activity via 
the H+/K+ ATPase of the parietal cell – the ion pump respon
sible for gastric acid secretion, but they are otherwise distinct 
from PPIs in terms of mechanism of action, pharmacokinetics, 
and metabolism [13,14]. They thus offer a potential alternative 
to PPIs with a markedly different clinical profile [13–16].
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This review contextualizes current knowledge on the 
pathophysiology and current management paradigm for 
GERD and H. pylori infection, with a focus on understanding 
the differences between PPIs and PCABs and where vonopra
zan may fit in the management of these diseases.

2. Physiology of gastric pH and the parietal cell

The physiology of acid secretion has been well-reviewed else
where [17,18]. However, it is important to review the basics of 
acid secretion as it has implications for the management of 
both GERD and H. pylori infection.

The mucosal surface of the stomach remains intact despite 
continuous exposure to acidic gastric juice and digestive enzymes. 
The median pH of the gastric lumen is approximately 1.4, but levels 
below 1.0 can occur when unbuffered by food [19]. The stomach 
resists autodigestion through a tripartite mechanism consisting of 
a thick coating of bicarbonate-rich mucus, tight junctions between 
the epithelial cells of the mucosa to prevent leakage of gastric juice 
into the underlying tissue layers, and continuous self-renewal of 
the epithelial surface via rapid differentiation of underlying stem 
cells [20]. As a result of its bicarbonate content, the pH of the 
mucosal surface can be close to neutral when luminal pH is 
above 2.0; below this threshold, the gradient breaks down, and 
the luminal surface rapidly acidifies [21,22].

Parietal cells are epithelial cells that reside within oxyntic 
(acid-secreting) glands of the corpus of the stomach (Figure 1) 
[17,18]. The apical (lumen-facing) surface of these cells is char
acterized by the presence of canaliculi lined with microvilli, and 
the interior of the cell contains membranous structures (tubu
lovesicles), within which abundant H+/K+ ATPase is inserted 
[18]. Signals that induce acid secretion result in the relocation 
of these membranes and the embedded H+/K+ ATPase to the 
canaliculi surface, where the pump actively exchanges

extracellular potassium for intracellular protons using energy 
donated by ATP [17,18]. Adequate luminal potassium, which is 
required for exchange by the H+/K+ ATPase, is likely supplied 
by the KCNQ1-KCNE2 efflux channel, and chloride is supplied 
via diffusion via a transmembrane channel [14,17,23] The H+/K 
+ ATPase has a relatively short half-life of about 2.5 days and is 
replaced at a rate of approximately 20% every 24 hours [14,24]. 
Given its potent effect on gastric pH, the activity of the H+/K 
+ ATPase is tightly regulated; in the fasted state, less than 10% 
of pumps are active; stimulation with food intake increases the 
proportion of active pumps to 70% [25].

3. Acid suppressive therapies: mechanisms of action

Acid suppression with PPIs is the current primary pharmacologic 
approach to managing GERD symptoms and is the backbone of 
therapy for H. pylori in combination with antibiotics [1,2] 
Vonoprazan, the only PCAB available in the United States, was 
first approved in 2022 as part of H. pylori eradication therapeutic 
regimens and in late 2023 for the healing of all grades of erosive 
esophagitis, relief of heartburn associated with erosive GERD, 
and maintenance of healing of all grades of erosive GERD [12]. 
Vonoprazan has yet to be incorporated into US guideline recom
mendations for either H. pylori or GERD. Tegoprazan, another 
PCAB, is also currently being evaluated in several ongoing trials 
in the US (NCT05587322 and NCT05587309) [26,27].

Both PPIs and PCABs act by inhibiting the final step of acid 
secretion mediated by the H+/K+ ATPase (Figure 1 and 
Table 1) [28].

3.1 Proton pump inhibitors

Proton pump inhibitors, such as omeprazole, lansoprazole, pan
toprazole, rabeprazole, esomeprazole, and dexlansoprazole, are

Figure 1. Parietal cell physiology and mechanism of action of acid-suppressive therapies. See text for details [28].
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prodrugs [29]. Because they are weak bases, they accumulate 
within the acidic environment of stimulated parietal cell cana
liculi at levels up to 1000 times higher than in the blood [16]. 
Within this acidic milieu, the prodrug is activated and forms a 
covalent, permanent bond with cysteine residues on the lumi
nal face of the active H+/K+ ATPase that inhibits its activity [25].

Because of their requirement for acid activation, the rela
tive timing of dosing and food intake is critical [30]. PPIs are 
formulated with an enteric coating that protects the prodrug 
from gastric acid until it reaches the duodenum, where the 
coating degrades and the drug is absorbed [31]. Maximum 
plasma concentrations are achieved between 1 and 5 hours 
after administration [16]. All PPIs require activation of proton 
pumps by administration of food, and most require that the 
drug be administered 30 to 60 minutes before a meal to allow 
for absorption, activation of proton pumps, and acidification 
of the secretory canaliculi [8]. Once absorbed, PPIs have half- 
lives ranging from about 0.6 to 2 hours [16]; however, because 
they bind covalently to the proton pump, their acid-suppres
sive effect is maintained throughout the lifespan of the pump 
[25]. The action of PPIs is terminated by the natural and 
continuous replacement of about 20% of the pumps every 
24 hours [25].

The mechanistic profile of PPIs has important implications 
for their clinical efficacy. As noted previously, food activates 
approximately 70% of pump enzymes, and only these active 
pumps are inhibited by the drug [25]. Combined with the 
turnover of pumps at the luminal surface, it has been esti
mated that it takes ≥3 days to reach steady-state inhibition of 
gastric acid secretion, at which time acid suppression peaks at 
about 66% of maximum output [14].

Proton pump inhibitors are predominantly (>80%) metabo
lized by the cytochrome (CYP) 450 enzyme CYP2C19 and, to a 
lesser extent, by CYP3A4 [32]. The pharmacokinetics, acid-sup
pressive effects, and, ultimately, therapeutic efficacy of PPIs vary 
depending on CYP2C19 genotype. In particular, there is a graded 
relationship between intragastric pH and CYP2C19 genotype, 
such that intragastric pHs during PPI treatment are highest in 
poor metabolizers, intermediate in intermediate metabolizers, 
and lowest in rapid metabolizers [32,33]. Consistent with the 
importance of adequate acid suppression, CYP2C19 genotype 
has been shown in most, but not all, studies to influence out
comes of GERD and H. pylori eradication therapy [32]. 
Additionally, omeprazole and esomeprazole, but not other PPIs, 
inhibit CYP2C19 [32]. A risk exists for interaction with other 
medications metabolized by the enzyme, particularly the anti
platelet medication clopidogrel [1,34].

3.2 Vonoprazan: a potassium-competitive acid blocker

Vonoprazan shares similarities with PPIs in that it also inhibits 
the H+/K+ ATPase. However, it is not a prodrug, is acid-stable, 
and does not require activation of the proton pump by coad
ministration of food [13,35,36]. Upon administration, vonopra
zan reaches maximum plasma concentrations in ≤2 hours and 
maximum acid-suppressive effects ~4 hours after each dose 
[35,37]. Instead of binding covalently to active pumps, vono
prazan accumulates to high levels (~100,000-fold higher than 
plasma) in the canaliculi in a pH-independent manner by 
binding reversibly and noncovalently to the potassium-bind
ing sites of both active and inactive (intracellular) proton 
pumps [13,38]. This blockade of the potassium-binding site 
prevents potassium ions from binding, inhibiting exchange 
and suppressing basal and stimulated gastric acid secretion 
[38,39]. Although the binding is noncovalent, vonoprazan dis
sociates slowly from the H+/K+ ATPase; coupled with a half- 
life of ~7-8 hours, it results in an increased duration of acid 
suppression relative to PPIs [35,40].

The relative effects of once daily vonoprazan 20 mg and 
lansoprazole 30 mg on gastric pH were evaluated in an open- 
label crossover trial conducted in 44 H. pylori-negative healthy 
adults aged 18 to 55 [40]. Treatments were administered in 
the morning after an overnight fast, and food was provided at 
4, 9, and 12 hours after each dose, and intragastric pH was 
recorded for 24 hours before administration of the medica
tions and during the first and seventh days of each 7-day 
treatment period. On both days 1 and 4, the percentage of 
time above the pH thresholds of 4 and 6 was significantly 
greater with vonoprazan than with lansoprazole (Figure 2). 
Mean 24-hour intragastric pH was higher with vonoprazan 
than with lansoprazole on day 1 (4.6 vs 2.8, respectively) and 
day 7 (5.9 vs 3.8). Similarly, nocturnal (12–24 h) intragastric pH 
was higher with vonoprazan vs lansoprazole on both days 1 
and 7. Additional pharmacodynamic studies conducted in 
healthy Japanese adults showed similar results vs lansopra
zole, rabeprazole, and esomeprazole [41,42].

Vonoprazan is metabolized predominantly by CYP3A4 and 
is thus not subject to interindividual variability related to 
CYP2C19 polymorphisms. Pharmacokinetic studies have 
demonstrated no relationship between CYP2C19 genotype 
and drug exposure [43]. As a CYP3A4 substrate, coadministra
tion with strong or moderate CYP3A inducers may reduce 
exposure to the drug [12]. Vonoprazan is also a weak 
CYP3A4 and CYP2C19 inhibitor and may increase exposure 
to substrates of these enzymes [12].

Table 1. Comparison of key characteristics of proton pump inhibitors (PPIs) and vonoprazan.

PPIs Vonoprazana

Mechanism Covalent binding of acid-activated drug to cysteine residues on luminal 
face of active H+/K+ ATPase [25]

Noncovalent reversible binding to K+ binding site of active and 
inactive H+/K+ ATPase; does not require acid activation [13,38,39]

Requirement 
for Food

Yes, to stimulate parietal cell acid production [14] No, activity is independent of food [30]

Time to 
maximum 
effect

Cumulative with repeated dosing; maximum inhibition reached in 
≥3 days [14]

~4-5 hours after each dose [40]

Half-life 0.6 to 2 h [25] 7–8 h [43]
Metabolism CYP2C19 [25] CYP3A4 [12]

aAs the only PCAB currently approved in the United States, the characteristics listed here are from studies of vonoprazan. 
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4. Gastroesophageal reflux disease and the role of 
vonoprazan

Gastroesophageal reflux disease is characterized by typical 
symptoms, such as heartburn and regurgitation, and a range of 
atypical symptoms, including, but not limited to, hoarseness, 
chronic cough, throat clearing, laryngitis, pharyngitis, and pul
monary fibrosis [1]. If left untreated or inadequately managed, 
serious complications can occur, including esophageal ulcers 
and bleeding, scarring leading to peptic stricture, Barrett’s eso
phagus, and esophageal adenocarcinoma [44]. Guidelines define 
GERD clinically as ‘a condition in which the reflux of gastric 
contents into the esophagus results in symptoms and/or com
plications’ and objectively as ‘the presence of characteristic 
mucosal injury seen at endoscopy and/or abnormal acid expo
sure demonstrated on a reflux monitoring study’ [1].

The pathogenesis of GERD is multifactorial and may include 
dysfunction of the antireflux barrier at the esophagogastric junc
tion, reduced esophageal clearance, compromised esophageal 
mucosal integrity, and inflammation at the site of injury [1]. As a 
multifactorial disease, GERD exists on a clinical spectrum ranging 
from nonerosive reflux disease (NERD; also referred to as none
rosive GERD), a condition in which patients experience the symp
toms of GERD but have no evidence of macroscopic tissue injury, 
to overtly erosive esophagitis (EE; also referred to as erosive 
GERD), a condition in which patients suffer from inflammation 
or injury to the esophageal mucosa [5]. Seventy percent of 
patients with GERD have the nonerosive phenotype, with the 
remainder having erosive disease of varying severity [45].

Gastric pH and hold time at pH >4.0 predict benefit in GERD 
[46]. Well-established data show that the amount of time intra
gastric pH <4 correlates strongly with the frequency of symp
toms (Figure 3(a)) [47]. Among patients with EE, time above this 
critical threshold is predictive of both optimal healing of esopha
geal tissue (Figure 3(b)) and long-term maintenance of healing 
[48]. Acid suppression with PPIs has thus become the foundation 
of therapy for GERD. Clinically, these agents have consistently

demonstrated superior acid suppression and higher rates of EE 
healing than H2RAs; for example, in one randomized trial, EE 
remission, as determined endoscopically, was observed in 
approximately twice as many patients who received omeprazole 
(80.2%) as compared to those who received ranitidine 150 mg 
(39.4%) [49]. These results, along with abundant data from many 
short- and long-term studies, have led to guidelines to recom
mend these agents as the first-line treatment for patients with 
known or suspected GERD [1]. Key guideline recommendations 
regarding the use of PPIs in GERD are summarized in Table 2.

While PPIs are effective in the management of GERD, con
cerns have arisen regarding overprescription and long-term 
use, particularly regarding potentially increased risks for cardi
ovascular events, chronic kidney disease, and enteric infec
tions, including C. difficile, among other concerns [1]. 
However, the guidelines acknowledge that many of these 
studies are methodologically flawed and do not establish a 
definitive causal relationship between PPIs and these adverse 
conditions, aside from intestinal infections [1].

4.1 Clinical efficacy and safety of vonoprazan in GERD

The clinical efficacy of vonoprazan for healing and mainte
nance of healing in EE was evaluated in US and European 
populations in the pHalcon-EE trial (NCT04124926) [37]. This 
double-blind, active-controlled, multicenter trial randomly 
assigned 1027 patients to vonoprazan 20 mg or lansoprazole 
30 mg once daily for up to 8 weeks; those with healing 
(n = 878) were rerandomized to maintenance therapy with 
vonoprazan 10 mg, vonoprazan 20 mg, or lansoprazole 15 mg 
once daily for an additional 24 weeks of treatment. The 
coprimary endpoints were the percentage of subjects with 
healing by Week 8 and the percentage who maintained heal
ing at 24 weeks.

At the end of the 8-week healing phase, vonoprazan was 
noninferior to lansoprazole for the primary endpoint of 

Figure 2. Hours and percentage of time per 24-hour period above pH thresholds of 4 and 6 for lansoprazole 30 mg QD and vonoprazan 20 mg QD in a randomized 
7-day crossover trial in healthy US adults (N = 40). Trial drugs were administered to fasted patients and followed by meals 4 h, 9 h, and 12 h later. P < 0.001 for all 
comparisons [40].
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healing by week 8 (92.9% and 84.6%, respectively; noninfer
iority P < 0.0001) and superior to lansoprazole (P < 0.0001) in a 
predefined exploratory analysis conducted after establishing 
noninferiority for the primary endpoint [37]. Noninferiority was 
also demonstrated for the first secondary endpoint, the per
centage of 24-hour heartburn-free days. The percentage of 
patients with sustained resolution of heartburn by day 3, the 
third secondary endpoint, was similar in the 2 groups (34.4% 
vs 32.0%). Vonoprazan 10 and 20 mg were noninferior to 
lansoprazole for maintenance of healing at Week 24 (80.7%, 
79.2%, and 72.0% for vonoprazan 20 mg, vonoprazan 10 mg, 
and lansoprazole 15 mg, respectively) and superior in a sec
ondary analysis of this endpoint.

Patients with Los Angeles Grade C and D EE have the 
lowest healing rate with PPIs and frequently relapse after 
treatment. In this subgroup, which comprised 34.3% of 
patients in the healing phase and 32.2% of those in the 
maintenance phase, rates of healing at week 2 were 70.2% 
and 52.6% in the vonoprazan and lansoprazole groups, 
respectively (superiority P = 0.0008) [37]. Although hypothesis 
testing was not performed because the prior endpoint (onset 
of sustained resolution of heartburn by day 3 in the total 
patient population) did not show superiority, healing rates at 
Week 8 were higher with vonoprazan 20 mg (91.7%) than with 
lansoprazole (72.0%) in this group. Healing was maintained at 
Week 24 in Los Angeles Grade C and D patients in 77.2% (with 
vonoprazan 20 mg) and 74.7% (with vonoprazan 10 mg) com
pared with 61.5% with lansoprazole 15 mg (P = 0.020 and 
P = 0.049, respectively).

The frequency and spectrum of adverse events were similar in 
the 2 groups [37]. Serum gastrin levels were relatively elevated 
with vonoprazan; however, there were no significant changes in 
gastric mucosal atrophy or neuroendocrine cell proliferation. 
Serum gastrin fell to similar levels in all 3 groups at a measure
ment conducted 4 weeks after the end of maintenance therapy.

The time course of relief of heartburn with vonoprazan was 
compared directly with lansoprazole in a small (N = 32) study 
conducted in Japan [51]. The study enrolled patients with EE and 
heartburn symptoms at least once weekly who were randomly 
allocated to double-blind treatment with vonoprazan 20 mg or 
lansoprazole 30 mg; daytime and nighttime symptoms were 
assessed on a 5-point scale. Complete relief of heartburn on 
day 1 was seen in 31.3% of patients who received vonoprazan 
vs 12.5% of those who received lansoprazole (P < 0.05) and 
heartburn relief was sustained from days 2 to 7 in more patients 
who received vonoprazan than those who received lansoprazole 
(hazard ratio [HR] 3.58; 95% CI 1.16–11.08; P < 0.05). Of note, from 
day 1, numerically more patients who received vonoprazan than 
lansoprazole experienced complete relief of daytime heartburn 
(37.5% vs 18.8%; P = 0.07) and significantly more experienced 
complete relief of nighttime heartburn (33.3% vs 9.1%; P < 0.01) 
for seven consecutive days.

The safety and efficacy of vonoprazan vs placebo for the as- 
needed treatment of symptomatic NERD were assessed in a 
phase 2, double-blind, placebo-controlled trial (NCT04799158) 
[52]. Following a 4-week run-in period in which all patients 
received once daily vonoprazan 20 mg, patients were rando
mized to vonoprazan dosages of 10, 20, or 40 mg or to 
placebo and instructed to take no more than 1 dose of 
study drug for 24 hours after a heartburn episode and to 
take no rescue antacids ≤3 hours after taking the study drug. 
Of the 407 patients who entered the run-in period, 207 had no 
heartburn episodes during the last 7 days of the run-in period 
and were randomized to treatment. Vonoprazan resulted in 
complete and sustained relief of heartburn episodes within 
3 hours in 56.0% to 70.0% of patients, with a clear dose- 
response vs 27.3% for placebo patients (P < 0.0001 for all 
comparisons). Fewer patients in the vonoprazan groups 
(16.3% to 18.4%) reported treatment-emergent adverse events 
compared with placebo (21.3%).

Table 2. Key recommendations and concept statements related to proton pump inhibitor use from the 2022 American College of Gastroenterology Clinical 
Guidelines for the Diagnosis and Management of Gastroesophageal Reflux Disease. Refer to the complete guideline for a comprehensive summary of recommenda
tions [1].

Diagnosis of GERD
● For patients with classic GERD symptoms of heartburn and regurgitation who have no alarm symptoms, an 8-week trial of empiric PPIs once daily before a meal is 

recommended
● An attempt should be made to discontinue PPIs in patients with classic GERD whose symptoms respond to an 8-week empiric trial of these agents

GERD Management
● In patients with NERD, on-demand or intermittent PPI therapy for heartburn symptom relief is recommended
● Indefinite PPI maintenance therapy (or antireflux surgery) is recommended for patients with Los Angeles Grade C or D esophagitis
● For patients who require PPI maintenance therapy, the lowest PPIs dose that effectively controls GERD symptoms and maintains healing of reflux esophagitis 

should be used
● For patients with extra-esophageal and typical GERD symptoms, a trial of twice daily PPI therapy is suggested before additional testing
● Switching PPIs can be considered for patients who experience minor PPI side effects, including headache, abdominal pain, nausea, vomiting, diarrhea, 

constipation, and flatulence

Refractory GERD
● Optimization of PPI therapy is the first step in the management of refractory GERD
● There is conceptual rationale for a trial of switching PPIs for patients who have not responded to one PPI. For patients who have not responded to one PPI, more 

than one switch to another PPI cannot be supported

Safety
● Some studies suggest an association between long-term PPI use and the development of adverse events such as intestinal infections, pneumonia, stomach 

cancer, osteoporosis-related bone fractures, kidney disease, vitamin and mineral deficiencies, heart attacks, strokes, dementia, and early death; these studies are 
not considered definitive and do not establish a cause-and-effect relationship. High-quality studies suggest that PPIs do not significantly increase the risk of any of 
these conditions except intestinal infections

● Patients should be advised on the potential risks of PPIs while acknowledging that the ‘well-established benefits of PPIs far outweigh their potential risks’

GERD, gastroesophageal reflux disease; NERD, nonerosive gastroesophageal reflux disease; PPI, proton pump inhibitor. 
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5. Helicobacter pylori infection and the role of 
vonoprazan

H. pylori, a Gram-negative, spiral, microaerophilic bacteria, is 
widely recognized as one of the few microorganisms that can 
survive the harsh acidic environment of the stomach [9,53]. 
The bacterium, which colonizes the gastric epithelium, can 
survive a pH as low as 2; however, it can only replicate at pH 
6 to 8 – close to neutral [19,54]. It has several adaptations that 
allow it to survive in acidic conditions [9]. Among these is the 
activity of urease, which raises the pH of the periplasmic space 
to approximately 6.1, at which the bacterium can replicate 
[54]. Survival is compromised when mucosal pH drops to a 
point that cannot be compensated for by urease activity.

Chronic H. pylori infection has both gastric and extragastric 
manifestations, including, but not limited to, gastric and duo
denal ulcer disease gastric cancer, and iron deficiency anemia 
[55–58]. The factors that drive the transition from chronic 
colonization to overt disease remain unknown. However, spe
cific genetic polymorphisms in genes coding for cytokines and 
growth factors and environmental factors, including smoking, 
a low-iron or high-salt diet, and diets low in fresh fruits and 
vegetables have been implicated [9]. In vulnerable individuals, 
H. pylori incites an inflammatory response that can lead to 
tissue degeneration and injury, reduced stomach acid levels, 
dysbiosis, and ultimately progression to gastric cancer [9].

Because the antibiotics used to treat H. pylori are ineffective 
on quiescent cells, treatment of H. pylori relies on encouraging

the bacteria to replicate. Acid suppression therapy is thus 
required for H. pylori eradication to raise intragastric pH to at 
least 6, which – as discussed above – is a level that enhances 
bacterial replication and allows growth-dependent antibiotics 
to exert their effects [54]. As in GERD, achieving an appropriate 
gastric pH and hold times above this pH are equally important 
determinants of therapeutic efficacy.

Guideline-recommended standard therapy for H. pylori is thus a 
PPI combined with antibiotics and, in some cases, bismuth [2]. At 
present, recommended strategies include, but are not limited to, 
triple therapy – a combination of a PPI, clarithromycin, and amox
icillin or metronidazole for 14 days; quadruple therapy consisting 
of a PPI, bismuth, tetracycline, and a nitroimidazole for 10 to 
14 days; and concomitant therapy including a PPI, clarithromycin, 
amoxicillin, and a nitroimidazole for 10 to 14 days (Table 3) [2]. 
Regardless of whether double, triple, or bismuth-based quadruple 
therapy is used, prolonged acid inhibition pH >6 is critical for 
eradication therapy to be effective [21,59,60].

It is important to recognize that, like most bacterial patho
gens, H. pylori can rapidly acquire antibiotic resistance under 
selective pressure [61]. The initial introduction of 7-day triple 
therapy regimens was associated with eradication rates of 
over 90% [62]. However, treatment failures have become 
more frequent over time even with the currently standard 
14-day regimens owing largely to the development of resis
tance [9,61]. Because eradication rates have fallen substantially 
with triple therapy with clarithromycin and amoxicillin or 
metronidazole, guidelines indicate that it should be used

Figure 3. (a) Relationship between esophageal acid exposure (median percentage time spent with pH <4.0) and symptom severity in gastroesophageal reflux 
disease; (b) Relationship between erosive esophagitis healing at 8 weeks and duration (hours) of intragastic pH is >4.0. Adapted with permission from Joelsson 1989 
and S. Karger AG, Basel, Bell 1992 [47,50].

Table 3. First-line treatment strategies for Helicobacter pylori infection, per the 2017 American College of Gastroenterology guidelines [1].

● Triple therapy (PPI, clarithromycin, amoxicillin or metronidazole [in regions where H. pylori clarithromycin resistance is <15% and in patients with no prior 
exposure to macrolides]) for 14 days

● Quadruple therapy (PPI, bismuth, tetracycline, and a nitroimidazole) for 10 to 14 days
● Concomitant therapy with a PPI, clarithromycin, amoxicillin, and a nitroimidazole for 10 to 14 days
● Sequential therapy with a PPI and amoxicillin for 5–7 days followed by a PPI, clarithromycin, and a nitroimidazole
● Hybrid therapy with a PPI and amoxicillin for 7 days followed by a PPI, amoxicillin, clarithromycin, and a nitroimidazole for 7 days
● Triple therapy with a PPI, levofloxacin, and amoxicillin for 10–14 days
● Sequential therapy with a PPI and amoxicillin for 5–7 days followed by a PPI, fluroquinolone, and nitroimidazole for 5–7 days

PPI, proton pump inhibitor. 
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only in regions where clarithromycin resistance is low (<15%) 
and in patients with no history of exposure to macrolides for 
any reason [1]. Ensuring eradication with the first line of 
therapy has thus become a priority, both because of the 
clinical need of the individual patient and from the broader 
perspective of antibiotic stewardship.

5.1 Clinical efficacy and safety of vonoprazan for H. 
pylori eradication

The efficacy of vonoprazan triple and dual therapy for H. pylori 
infection was evaluated in the randomized, controlled, phase 3 
pHalcon-HP trial (NCT04167670) [63]. The trial randomized 
previously untreated adults with symptomatic, proven H. pylori 
infection (N = 1046) to 14 days of treatment with open-label 
vonoprazan dual therapy (20 mg vonoprazan twice daily, 1 g 
amoxicillin 3 times daily) or double-blind triple therapy twice 
daily (vonoprazan 20 mg or lansoprazole 30 mg in combina
tion with amoxicillin 1 g and clarithromycin 500 mg). The 
primary endpoint was noninferiority for eradication rates in 
the population without clarithromycin- and amoxicillin-resis
tant strains.

Eradication rates in patients without clarithromycin- and 
amoxicillin-resistant strains were 78.5%, 84.7%, and 78.8% for 
vonoprazan dual therapy, vonoprazan triple therapy, and lan
soprazole triple therapy, respectively; both vonoprazan regi
mens showed similar eradication rates to lansoprazole-based 
therapy (noninferiority P < 0.001) [63]. For the secondary end
point of efficacy in clarithromycin-resistant infections, the cor
responding values were 69.6%, 65.8%, and 31.9%, with both 
vonoprazan regimens demonstrating superiority over lanso
prazole (P < 0.001 for both comparisons) (Figure 4). Across 
all patients, regardless of resistance status, vonoprazan dual 
and triple therapy were superior to lansoprazole-based triple 
therapy (77.2% [P < 0.013] and 80.8% [P < 0.001] vs 68.5%). All 
regimens were relatively well tolerated, with adverse events

dominated by those commonly seen with antibiotic therapy. 
Serious treatment-emergent adverse events were infrequent, 
occurring in 1.4%, 1.7%, and 0.9% of the vonoprazan dual 
therapy, vonoprazan triple therapy, and lansoprazole triple 
therapy groups; corresponding discontinuation rates were 
0.9%, 2.3%, and 1.2%.

A network meta-analysis was conducted assess the efficacy 
of first-line vonoprazan-containing therapies vs other H. pylori 
eradication regimens. The analysis included 12,773 patients 
enrolled in 42 trials using 23 distinct regimens [64]. In pairwise 
comparisons between PPI-based triple therapy and vonopra
zan-based triple therapy, vonoprazan dual therapy, PPI plus 
high-dose amoxicillin, rifabutin-based triple delayed release 
therapy, and bismuth quadruple therapy, the highest relative 
efficacy was seen for vonoprazan-based triple therapy (odds 
ratio [OR], 2.73; 95% credible interval [CrI] 2.11–3.54), with a 
72.1% probability of being the best of the regimens evaluated. 
When the analysis was restricted to trials conducted in North 
America, vonoprazan triple therapy continued to have the 
highest relative efficacy (OR 1.95; 95% CrI 1.36–2.79), with a 
63.3% probability of being the best. A meta-analysis of vono
prazan- vs PPI-based eradication therapy also showed super
iority of vonoprazan over PPI-based regimens in the second- 
line setting (OR 1.51; 95% confidence interval [CI] 1.27–1.81, 
P < 0.001) [65].

6. Conclusions

Abundant data have led to the first-line use of PPIs in GERD 
and H. pylori infection. Although these agents have been used 
for decades with success, it is clear that room remains for 
agents with different mechanistic, pharmacokinetic, and clin
ical profiles that may address the clinical needs of patients 
who do not achieve adequate results with PPIs. Vonoprazan, 
compared with PPIs, is associated with a more rapid onset of 
adequate acid suppression, increased hours above the critical

Figure 4. Eradication rates in a phase 3 trial of 14 days of vonoprazan double (amoxicillin) and triple (amoxicillin + clarithromycin) therapy vs lansoprazole triple 
(amoxicillin + clarithromycin) therapy. See text for details. Adapted from Chey 2022 [63].
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pH thresholds of 4 and 6, and the ability to dose indepen
dently of a meal, which may translate in the clinic to improved 
outcomes in terms of healing and maintenance of healing of 
GERD as well as H. pylori eradication.

The PPIs were an important clinical landmark in the man
agement of acid-related disorders and will continue to be a 
critical element of therapy in both GERD and H. pylori. 
However, these agents are not universally effective. For the 
first time in several decades, the PCABs offer a differentiated 
clinical profile that may address areas of remaining unmet 
need, such as patients with uncontrolled nocturnal symptoms 
and those who are unable or unwilling to adhere to dosing 
recommendations for PPIs with regards to meals. Vonoprazan 
has demonstrated superiority over PPIs in the management of 
moderate-to-severe erosive GERD (Los Angeles Class C and D), 
a group that has proved challenging to treat with current 
agents. Vonoprazan may also offer a viable alternative to 
PPIs in patients who have failed to respond adequately to 
these drugs.

In H. pylori, it is likely that the improved acid suppression 
afforded by vonoprazan is responsible for the higher eradica
tion rates seen in patients who received vonoprazan-based 
therapy relative to other commonly used eradication regi
mens, including PPI-based triple therapy, a potentially impor
tant consideration not only for patients but also for the 
broader concern of slowing the emergence H. pylori antibiotic 
resistance [61].

As discussed above, concerns have been raised regarding 
the risks of PPI treatment based on studies of generally poor 
methodologic quality [1]. Some subset of these concerns – 
particularly those linked to acid suppression as opposed to off- 
target effects – could also apply to PCABs. At present, the 
adverse event profile of the 2 drug classes appears similar. 
Vonoprazan has a well-established safety profile, with over 90 
million patients having been exposed to the drug since its 
initial approval. However, idiosyncratic, PCAB-specific adverse 
events may emerge as vonoprazan enters broad clinical use in 
the United States.
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