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ABSTRACT
Acid-related disorders such as gastroesophageal 
reflux disease (GERD), peptic ulcer disease, and 
Helicobacter pylori infection are among the most 
common gastrointestinal conditions encountered in 
clinical practice worldwide [1]. Proton pump 
inhibitors (PPIs) have long been the mainstay of 
therapy; however, delayed onset of action, 
incomplete acid suppression, nocturnal acid 
breakthrough, interindividual variability due to 
CYP2C19 polymorphisms, and declining H. pylori 
eradication rates have highlighted important 
limitations of this drug class [2–4]. Potassium-
competitive acid blockers (P-CABs) are a newer 
class of antisecretory agents that reversibly inhibit 
the gastric H /K -ATPase by competing with 
potassium ions at the luminal binding site [5]. 
Vonoprazan, the first clinically approved P-CAB, 
provides rapid, potent, and sustained acid 
suppression independent of acid activation or 
CYP2C19 genotype [6]. This review discusses the 
pharmacological basis, clinical efficacy, safety, and 
therapeutic applications of vonoprazan and other P-
CABs, emphasizing their role as a paradigm shift 
from conventional PPIs in acid-related disorders.
Keywords: Vonoprazan, potassium-competitive 
acid blockers, proton pump inhibitors, GERD, 
Helicobacter pylori

I. INTRODUCTION
Gastric acid secretion is a fundamental 

physiological process essential for digestion and 
host defense; however, excessive or prolonged acid 
exposure contributes significantly to the 
pathogenesis of acid-related disorders (ARDs) such 
as GERD, peptic ulcer disease, and 
Zollinger–Ellison syndrome [1,2]. These conditions 
impose a substantial global healthcare burden, 
affecting quality of life and increasing the risk of 
complications such as gastrointestinal bleeding, 
esophageal strictures, Barrett’s esophagus, and 

gastric malignancy [3]. Effective acid suppression 
is therefore central to disease management.

PPIs revolutionized the treatment of 
ARDs by irreversibly inhibiting the gastric 
H /K -ATPase, leading to profound and 
sustained reduction in gastric acid secretion [4]. 
Despite their widespread use, several limitations 
have emerged over time. PPIs require activation in 
an acidic environment, demonstrate a delayed onset 
of action, and are subject to significant 
interindividual variability due to genetic 
differences in CYP2C19 metabolism [5,6]. 
Moreover, incomplete acid suppression, 
particularly during the night, contributes to 
persistent symptoms in a substantial proportion of 
patients, termed PPI-refractory disease [7].

The development of potassium-
competitive acid blockers represents a major 
advancement in gastric acid suppression. 
Vonoprazan, the first P-CAB approved for clinical 
use, has demonstrated superior pharmacodynamic 
properties compared with PPIs, offering rapid, 
consistent, and prolonged acid suppression [8]. 
This review examines the mechanistic differences 
between PPIs and P-CABs, with particular 
emphasis on vonoprazan, and evaluates current 
evidence supporting their clinical utility.

Gastric Acid Secretion and Therapeutic Targets
Acid secretion occurs in gastric parietal 

cells via the H /K -ATPase proton pump, which 
exchanges intracellular hydrogen ions for luminal 
potassium ions [9]. This enzyme represents the 
final and most critical step in acid production. 
Regulation of acid secretion involves neural 
(acetylcholine), hormonal (gastrin), and paracrine 
(histamine) pathways [10].

PPIs inhibit the proton pump irreversibly 
but only when the enzyme is actively secreting 
acid, which explains their requirement for dosing 
prior to meals and their delayed maximal effect 
[11]. In contrast, P-CABs directly block the 
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potassium binding site of the proton pump, 
inhibiting both active and resting pumps and 
resulting in immediate suppression of acid 
secretion [12].

Mechanism of Action: PPIs versus P-CABs
PPIs such as omeprazole, esomeprazole, 

and lansoprazole are weak bases that accumulate in 
the acidic canaliculi of parietal cells, where they 
are converted into active sulfenamide intermediates 
[13]. These intermediates covalently bind cysteine 
residues on the proton pump, leading to irreversible 
inhibition. Because new proton pumps must be 
synthesized for acid secretion to resume, PPIs exert 
prolonged effects despite short plasma half-lives 
[14].

However, only actively secreting proton 
pumps are inhibited, and repeated dosing over 
several days is required to achieve maximal acid 
suppression [15]. Furthermore, variability in 
CYP2C19 metabolism significantly influences 
plasma drug levels and therapeutic response [6].

P-CABs, including vonoprazan, reversibly 
and competitively inhibit the proton pump by 
blocking potassium binding [16]. This inhibition is 
independent of pump activation and does not 
require acid-mediated conversion [17]. As a result, 
P-CABs provide rapid onset of action, near-
complete acid suppression from the first dose, and 
minimal influence of genetic polymorphisms [18].

Pharmacokinetics and Pharmacodynamics of 
Vonoprazan

Vonoprazan is acid-stable and rapidly 
absorbed following oral administration, achieving 
peak plasma concentrations within approximately 2 
hours [19]. It has a longer elimination half-life (7–9 
hours) compared with PPIs, contributing to 
sustained acid suppression throughout the dosing 
interval [20].

Metabolism occurs predominantly via 
CYP3A4, with minimal involvement of CYP2C19, 
resulting in predictable pharmacokinetics across 
different patient populations [21]. 
Pharmacodynamic studies demonstrate that 
vonoprazan maintains intragastric pH >4 and >6 for 
significantly longer durations than standard-dose 
PPIs, both during daytime and nighttime periods 
[22]. This potent acid suppression is particularly 
relevant for conditions requiring high intragastric 
pH, such as H. pylori eradication and severe 
erosive esophagitis.

Clinical Applications
Gastroesophageal Reflux Disease

GERD is one of the most prevalent 
gastrointestinal disorders worldwide, with 
increasing incidence in both Western and Asian 
populations [23]. Although PPIs are effective in 
many patients, up to 30–40% experience 
incomplete symptom relief [7].

Randomized controlled trials have 
demonstrated that vonoprazan is non-inferior and, 
in severe cases, superior to PPIs in healing erosive 
esophagitis [24]. Vonoprazan has also shown 
improved maintenance of healing and reduced 
relapse rates compared with lansoprazole [25]. 
Importantly, vonoprazan has demonstrated efficacy 
in PPI-refractory GERD, offering a valuable 
therapeutic option for this challenging patient 
population [26].

Peptic Ulcer Disease
PPIs are standard therapy for gastric and 

duodenal ulcers; however, P-CABs provide 
comparable or superior healing rates [27]. 
Vonoprazan has been shown to effectively heal 
peptic ulcers and prevent recurrence, particularly in 
patients receiving long-term NSAID therapy [28]. 
Meta-analyses confirm that P-CABs are non-
inferior to PPIs for ulcer healing, with similar 
safety profiles [29].

Helicobacter pylori Eradication
Eradication of H. pylori is critical for 

preventing peptic ulcer recurrence and reducing 
gastric cancer risk [30]. Rising antibiotic resistance 
has reduced the efficacy of traditional PPI-based 
regimens [31]. Potent acid suppression enhances 
antibiotic stability and bacterial susceptibility [32].

Vonoprazan-based regimens achieve 
higher eradication rates than PPI-based therapies, 
particularly in clarithromycin-resistant strains [33]. 
Vonoprazan-amoxicillin dual therapy has emerged 
as a simplified and effective regimen, reducing 
antibiotic exposure while maintaining high 
eradication success [34].

Safety and Tolerability
Short-term studies indicate that 

vonoprazan has a safety profile comparable to PPIs, 
with common adverse effects including diarrhea, 
constipation, headache, and nausea [35]. 
Vonoprazan induces greater hypergastrinemia due 
to potent acid suppression; however, long-term 
studies up to five years have not demonstrated 
clinically significant gastric neuroendocrine tumors 
or dysplasia [36].
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Rare adverse effects such as 
hypomagnesemia and QT prolongation have been 
reported, emphasizing the importance of 
monitoring during prolonged therapy [37]. Overall, 
available evidence supports the favorable safety 
profile of vonoprazan and other P-CABs.

Other Potassium-Competitive Acid Blockers
In addition to vonoprazan, other P-CABs 

such as tegoprazan, fexuprazan, and keverprazan 
have been approved in selected countries [38]. 
These agents share similar mechanisms of action 
but differ in pharmacokinetic profiles and regional 
availability. Ongoing studies aim to further define 
their comparative efficacy and safety.

II. LIMITATIONS AND FUTURE 
DIRECTIONS

Despite promising clinical data, long-term 
safety beyond five years remains under evaluation 
[39]. Comparative studies between individual P-
CABs and cost-effectiveness analyses are needed. 
Integration of P-CABs into international treatment 
guidelines and personalized acid suppression 
strategies represent important future directions 
[40].

III. CONCLUSION
Vonoprazan and other potassium-

competitive acid blockers represent a significant 
advancement in the management of acid-related 
disorders. By providing rapid, potent, and 
consistent acid suppression with minimal 
pharmacogenetic variability, P-CABs address 
several limitations of PPIs. Current evidence 
supports their use as effective alternatives—and in 
selected cases superior options—to PPIs in GERD, 
peptic ulcer disease, and H. pylori eradication. 
Continued research and pharmacovigilance will 
further clarify their optimal role in clinical practice.
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