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Background and aims: Vonoprazan, a novel acid suppressant, has been employed in the treatment of peptic ulcer disease in recent years. However, the efficacy and safety of vonoprazan versus proton-pump inhibitors remains controversial. To address this gap, a systematic review and network meta-analysis were conducted to evaluate the efficacy and safety of vonoprazan in comparison with various proton-pump inhibitors.

Methods: Randomized controlled trials that met selection criteria in PubMed (Medline), EMBASE and the Cochrane Library were searched up to July 15, 2024. The primary outcome was ulcer healing rate. Secondary outcomes were treatment-emergent adverse events and drug-related adverse events. Effect size on outcomes is presented as odds ratios with 95% confidence intervals.

Results: Thirty-five randomized controlled trials containing 9,544 participants were included. In terms of the healing rate at 2 weeks, lansoprazole 30 mg ranked first, followed by vonoprazan 20 mg and ilaprazole 10 mg. In terms of the healing rate at 4 weeks, pantoprazole 40 mg ranked first, with rabeprazole 10 mg and lansoprazole 30 mg ranking second and third, respectively. Regarding the healing rate at 8 weeks, lansoprazole 30 mg is demonstrated to be the most efficacious regimen. Moreover, subgroup analysis indicated that lansoprazole 30 mg is the optimal regimen in the treatment of artificial gastric ulcer at 4 and 8 weeks. Importantly, lansoprazole 30 mg has fewer adverse reactions and higher safety.

Conclusion: The optimal regimen for the treatment of peptic ulcer disease may be lansoprazole 30 mg at 2 and 8 weeks, while pantoprazole 40 mg has demonstrated superior performance at the 4-week when compared to vonoprazan 20 mg. Furthermore, lansoprazole 30 mg has shown to be superior in terms of safety outcomes. These findings, derived from a network meta-analysis, necessitate further research for validation.
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Introduction

Peptic ulcer disease (PUD), a common gastrointestinal disorder, is usually defined as gastric or duodenal injury, resulting in mucosal rupture reaching the submucosa (1, 2). The two main risk factors for gastrointestinal injury and acid-related peptic ulcers are Helicobacter pylori (H. pylori) infection and the use of nonsteroidal anti-inflammatory drugs (NSAIDs) (1, 2).The estimated lifetime prevalence of PUD is 5–10% in the general population, and the annual incidence rate is 0.1–0.3% (2, 3). Although morbidity and mortality due to PUD have decreased significantly from 1990 to 2019, the fatality rate remains high (4, 5). Nowadays, the treatment strategy for PUD is to reduce the damage to gastrointestinal mucosa and promote ulcer healing by inhibiting gastric acid secretion. Proton pump inhibitors (PPIs) constitute a class of acid-suppressing pharmacological agents frequently employed in the management of PUD. These agents function by irreversibly inhibiting the proton pump (H+/K+/ATPase), thereby reducing gastric acid secretion (6, 7). The advent of PPIs has markedly transformed the therapeutic approach to PUD, significantly enhancing its healing rates. However, despite their status as the most efficacious treatment for PUD, PPIs exhibit certain limitations. These include a short half-life, the necessity for acid activation, a relatively slow onset of clinical effect, and variability in clinical response due to polymorphisms in the CYP2C19 enzyme (7–10).

Vonoprazan, a novel potassium-competitive acid blocker (P-CAB), presents a promising alternative to PPIs. It exerts its effect by reversibly inhibiting gastric acid secretion through competitive blockade of K+ binding to gastric H+/K+ ATPase (11). Studies have demonstrated that vonoprazan achieves more rapid and potent acid suppression, reaching maximum plasma concentration within 2 h, significantly faster than PPIs (11, 12). Additionally, vonoprazan demonstrates a slower dissociation rate from the proton pump, leading to an extended duration of acid inhibition with a plasma half-life of up to 9 h (11, 12). Furthermore, the plasma concentration and anti-secretory effects of vonoprazan are notably stable, and its efficacy remains unaffected by dietary factors and genetic polymorphisms, which significantly impact the performance of most PPIs (12, 13).

Recently, a substantial body of research has examined the efficacy and safety of vonoprazan and PPIs in the treatment of PUD, with results exhibiting considerable variability (14–22). Some of the studies (14, 16–18, 22) verified both non-inferiority and equivalence of vonoprazan 20 mg to lansoprazole 30 mg, one of the most commonly used PPIs, for the treatment of PUD. Other studies (15, 20) demonstrated both non-inferiority and superiority of vonoprazan 20 mg to esomeprazole 20 mg in the ulcer healing of endoscopic submucosal dissection (ESD) induced gastric ulcer. Komori et al. (21) pointed out that vonoprazan 20 mg was not superior to rebeprazole 10 mg in ESD-induced gastric ulcer. However, there is a paucity of research comparing the efficacy of vonoprazan and PPIs other than lansoprazole, esomeprazole and rebeprazole in the management of PUD. To address this gap, we conducted a network meta-analysis of randomized controlled trials (RCTs) to evaluate the efficacy and safety of different doses of vonoprazan relative to different doses of PPIs in the treatment of PUD.



Methods

This network meta-analysis was performed using the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement (23), and the PRISMA checklist was shown in Supplementary Table S1. The study protocol was registered on PROSPERO with registration number CRD42023442859.


Search strategy

From inception to July 15, 2024, potentially relevant studies published that examined the efficacy or safety of PPIs with vonoprazan or placebo in PUD were searched using the following electronic databases: PubMed (Medline), EMBASE and the Cochrane Library. The search terms included the following keywords: peptic ulcer, gastric ulcer, duodenal ulcer, PCABs, Vonoprazan, PPIs and RCTs. Reference lists of the relevant studies were also hand-searched for potentially related studies. The search strategy was shown in Supplementary Table S2.



Study selection

Potentially relevant published studies underwent a review of the entire published manuscript by two independent researchers (FY and RL). The inclusion criteria were (a) adult patients who underwent PUD, including gastric ulcer or duodenal ulcer; (b) interventions including ilaprazole, omeprazole, esomeprazole, pantoprazole, lansoprazole, dexlansoprazole, rabeprazole, anaprazole and vonoprazan with different doses; (c) the control group could be a placebo or a comparison between above drugs; (d) outcomes: ulcer healing rates for treatment durations between 2 and 8 weeks, rates of treatment-emergent adverse events (TEAEs), and drug-related adverse events (DRAEs); (e) study design: RCTs. The exclusion criteria were (a) publications in languages other than English, (b) lack of necessary outcomes to be extracted, (c) treatment with vonoprazan or PPIs mentioned above in combination with other medications. Any disagreement was resolved by discussion with a third researcher (DX).



Data extraction and study quality assessment

Two reviewers (FY and RL) independently extracted the following information from each included study: first author; year of publication; country; study period; details of each treatment regimen; sample size; follow-up duration; clinical outcomes, including efficacy outcomes and safety outcomes. Efficacy analysis was based on the ulcer healing rate of PUD, as confirmed by the endoscopy; safety analysis was based on TEAEs and DRAEs. TEAEs: Adverse events that arise after the initiation of treatment and include any new or worsening conditions during the treatment period. DRAEs: A subset of adverse events that are directly attributed to the drug treatment, based on clinical judgment.

Per-protocol (PP) data were collected for efficacy outcome when possible; otherwise, intention-to-treat (ITT) data were collected. For safety outcomes, only ITT data were collected and included. Disagreement was resolved after discussion with another researcher (DX). The Cochrane Risk of Bias assessment tool was used for assessing the risk of bias in individual studies (24).



Statistical analysis

All statistical analyses in the current meta-analysis were performed to calculate the direct and indirect evidence on efficacy and safety of different treatments based on the frequentist framework. Binary variables were calculated using odds ratio (OR) with 95% confidence intervals (CIs). The inconsistency assessment comprised global inconsistency and local inconsistency (25). Global inconsistency was estimated by a design-by-treatment interaction model, and local inconsistency was estimated by the node-splitting method. p > 0.05 suggested no significant inconsistency, and we would conduct network meta-analysis with a random-effects model. We calculated the surface under the cumulative ranking (SUCRA) to estimate the cumulative ranking for each treatment. SUCRA is used to provide a summary measure of the effectiveness of each treatment within the network meta-analysis framework. It represents the probability that a treatment is among the best options available. SUCRA values range from 0 to 1, where higher values indicate a higher likelihood of a treatment being among the top-ranked treatments (26). In addition, we also assessed potential small-trial effects and publication bias for all available comparisons with sufficient studies (≥10 studies), and p < 0.05 indicated the existence of publication bias (27). All data analyses were conducted through STATA 16.0 and Review Manager version 5.3.




Results


Literature selection

The initial literature search identified 6,338 potentially relevant articles. After removing 2,996 duplicates, the titles and abstracts of remaining 3,342 articles were primary screened. 154 potentially eligible articles were further estimated by full-text review. As shown in Figure 1, 35 RCTs including a total of 9,544 participants were finally included (14–22, 28–53).
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FIGURE 1
 Flowchart of literature selection.




Based characteristics of eligible studies and quality assessment

The included studies investigated seven different drugs, including omeprazole, lansoprazole, pantoprazole, ilaprazole, rabeprazole, esomeprazole and vonoprazan. All the included studies were published from 1990 to 2022. The sample sizes of the included studies ranged from 12 to 817. One of the included studies (43) had four arms, two of the studies (42, 52) had three arms, while the rest of the studies all had two arms (14–22, 28–41, 44–51, 53). Eleven studies (28, 29, 31–33, 35–39, 46) were conducted in European countries or USA, twenty-four studies (14–22, 30, 34, 40–45, 47–53) were conducted in Asia. Among the included studies, eight studies (28, 29, 34, 35, 39, 44, 46, 47) were placebo-controlled trials, the remaining twenty-seven studies (30–33, 36–38, 40–43, 45, 48–53) compared different regimens of drugs. The main characteristics of included studies are summary in Table 1.



TABLE 1 Basic characteristics of included studies.
[image: Table1]

We conducted a comprehensive assessment of the risk of bias for each included study using the Cochrane risk of bias tool. The results are summarized as follows and detailed in Supplementary Figure S1. Out of the 35 studies included, 22 studies (14–17, 19–21, 31, 34, 39, 42–53) demonstrated a low risk of bias in random sequence generation by employing adequate methods. Only eighteen studies (14–17, 20, 31, 34, 39, 42–50, 52) used appropriate allocation concealment. Twenty-seven studies (14, 15, 17–19, 28–40, 42–47, 49, 50, 52) had a low bias of blinding of participants and personnel, ensuring that neither the participants nor the researchers knew which treatment was being administered. Twenty-eight studies (14, 15, 17–19, 28–47, 49, 50, 52) had a low risk of bias for blinding of outcome assessment, indicating that the outcome assessors were blinded to the treatment groups. Thirty-three studies (14–20, 22, 28–46, 48–53) addressed incomplete outcome data adequately by providing comprehensive follow-up data and accounting for all participants initially enrolled in the trials. Ten studies (14, 17, 44–47, 49–51) were identified to have other potential sources of bias, primarily related to funding or sponsorship from pharmaceutical companies.



Efficacy outcomes


Ulcer healing rate at 2 weeks

Nine studies (14, 28, 29, 31, 36, 38, 43, 45, 52) have reported the ulcer healing rate at 2 weeks, and six interventions were involved, including omeprazole 20 mg, ilaprazole 5 mg, ilaprazole 10 mg, lansoprazole 30 mg, vonoprazan 20 mg, and rabeprazole 20 mg. The network plot was shown in Figure 2A. Each node represents a drug, and the line between nodes reflects direct comparison. The sizes of nodes and widths of lines are proportional to participant numbers and trial numbers, respectively. The results of this study indicate that, compared with placebo, all interventions significantly improved the 2-week ulcer healing rate. Additionally, ilaprazole 10 mg is superior to ilaprazole 5 mg in improving the ulcer healing rate (OR = 1.77, 95%CI = 1.08–2.90) (Figure 3A).
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FIGURE 2
 Network graph of included trails for (A) 2 weeks ulcer healing rates of peptic ulcer disease, (B) 4 weeks of ulcer healing rates of peptic ulcer disease, (C) 4 weeks ulcer healing rate of peptic ulcer and (D) treatment-emergent adverse events.
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FIGURE 3
 Forest plot (A) and surface under the cumulative ranking score (SUCRA) (B) of network meta-analysis for the 2-week ulcer healing rate in patients with peptic ulcer disease. A, Placebo; B, Omeprazole 20 mg; C, Lansoprazole 30 mg; E, Rabeprazole 20 mg; F, Ilaprazole 5 mg; G, Ilaprazole 10 mg; J, Vonoprazan 20 mg.


The SUCRA ranks of efficacy of all investigated drugs are shown in Table 1 and Figure 3B. Lansoprazole 30 mg ranks first, sequentially followed by vonoprazan 20 mg, ilaprazole 10 mg, rabeprazole 20 mg, omeprazole 20 mg, ilaprazole 5 mg, and placebo.



Ulcer healing rate at 4 weeks

Twenty studies (14, 16–22, 28–33, 38, 42, 43, 45, 51, 52) that included eleven interventions reported the ulcer healing rate at 4 weeks. The network plot is shown in Figure 2B, and the results indicated that in terms of 4-week cure rate (Figure 4): PPIs and vonoprazan significantly improved the healing rates compared to placebo. The cure rate of pantoprazole 40 mg is higher than that of omeprazole 20 mg (OR = 2.25, 95%CI = 1.23–4.10) and rabeprazole 10 mg is superior to ilaprazole 5 mg (OR = 2.03, 95%CI = 1.01–4.11). Additionally, ilaprazole 5 mg (OR = 0.43, 95%CI = 0.20–0.94) and ilaprazole 10 mg (OR = 0.46, 95%CI = 0.21–0.99) are inferior to pantoprazole 40 mg in improving the ulcer healing rate. Table 2 and Supplementary Figure S2A present the ranking of all interventions based on the SUCRA: pantoprazole 40 mg ranked first, followed by rabeprazole 10 mg, lansoprazole 30 mg, vonoprazan 20 mg, ilaprazole 20 mg, esomeprazole 20 mg, ilaprazole 10 mg, rabeprazole 20 mg, omeprazole 20 mg, and ilaprazole 5 mg.
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FIGURE 4
 Forest plot of network meta-analysis for the 4-week ulcer healing rate in patients with peptic ulcer disease. A, Placebo; B, Omeprazole 20 mg; C, Lansoprazole 30 mg; D, Pantoprazole 40 mg; E, Rabeprazole 20 mg; F, Ilaprazole 5 mg; G, Ilaprazole 10 mg; H, Rabeprazole 10 mg; I, Ilaprazole 20 mg; J, Vonoprazan 20 mg; K, Esomeprazole 20 mg.




TABLE 2 Surface under the cumulative ranking score ranking for efficacy and safety outcomes of peptic ulcer disease.
[image: Table2]

In addition, we also analyzed ulcer healing rates for peptic ulcer at 4 weeks by excluding ESD-induced gastric ulcer. Twelve studies (14, 17, 28–33, 42, 43, 45, 52) have reported the ulcer healing rate at 4 weeks, and seven interventions were involved. The network plot is shown in Figure 2C. As shown in Figure 5A, the results showed that all the included interventions significantly improved the 4 weeks ulcer healing rate, compared with placebo. Furthermore, both ilaprazole 10 mg (OR = 0.45, 95% CI = 0.21-0.96) and ilaprazole 5 mg (OR = 0.41, 95% CI = 0.19-0.91) demonstrate inferior efficacy compared to pantoprazole 40 mg in the 4-week healing of peptic ulcers. Additionally, pantoprazole 40 mg exhibits superior efficacy relative to omeprazole 20 mg (OR = 2.25, 95% CI = 1.23-4.10). The SUCRA ranks of efficacy of all the included interventions is shown in Table 2 and Supplementary Figure S2B, pantoprazole 40 mg ranks first, sequentially followed by lansoprazole 30 mg, vonoprazan 20 mg, ilaprazole 10 mg, omeprazole 20 mg and ilaprazole 5 mg.
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FIGURE 5
 Forest plot of network meta-analysis for the 4-week ulcer healing rate in patients with peptic ulcer (A) and duodenal ulcer (B). A, Placebo; B, Omeprazole 20 mg; C, Lansoprazole 30 mg; D, Pantoprazole 40 mg; F, Ilaprazole 5 mg; G, Ilaprazole 10 mg; J, Vonoprazan 20 mg.




Ulcer healing rate at 8 weeks

Nine studies (14–20, 22, 53) that included three interventions have reported the ulcer healing rates at 8 weeks. As shown in Supplementary Figure S3A, there was no significant difference in the ulcer healing rate among all the included interventions. The results of SUCRA indicated that the relative ranking efficacy was: lansoprazole 30 mg, vonoprazan 20 mg and esomeprazole 20 mg (Table 2; Supplementary Figure S3B). However, there are insufficient data to analyze the effect of drugs on the efficacy of 8 weeks of peptic ulcer.



Healing rate of gastric ulcer and duodenal ulcer at 4 weeks

For gastric ulcer, six studies (14, 16, 18–20, 22) that included three interventions participated in the analysis. As presented in Supplementary Figure S3C, there was no significant difference in the ulcer healing among the included interventions. The SUCRA ranks of efficacy of all investigated drugs are shown in Table 2 and Supplementary Figure S3D. Lansoprazole 30 mg ranks first, sequentially followed by vonoprazan 20 mg and esomeprazole 20 mg.

Ten studies (14, 17, 28–31, 42, 43, 45, 52) have reported the ulcer healing rate for duodenal ulcer at 4 weeks, and five interventions were involved. As shown in Figure 5B, compared with placebo, all the included interventions significantly improved the 4 weeks ulcer healing rate. The SUCRA ranks of efficacy of all investigated drugs are shown in Table 2 and Supplementary Figure S4. Lansoprazole 30 mg ranks first, sequentially followed by vonoprazan 20 mg, ilaprazole 10 mg, omeprazole 20 mg and ilaprazole 5 mg.



Ulcer healing rate at 4 weeks and 8 weeks of ESD-induced gastric ulcer

Five studies (16, 18–20, 22) at 4 weeks and seven studies (15, 16, 18–20, 22, 53) at 8 weeks have reported the ulcer healing rate of ESD-induced gastric ulcer involving three interventions. According to the network meta-analysis results, there was no significant difference in the ulcer healing rate among all the above interventions at 4 weeks (Supplementary Figure S5A) and 8 weeks (Supplementary Figure S5B). The SUCRA results showed that lansoprazole 30 mg had the highest cumulative probability (4 weeks 64.1% vs. 8 weeks 80.5%), followed by vonoprazan 20 mg (4 weeks 49.3% vs. 8 weeks 60.8%), esomeprazole 20 mg (4 weeks 36.6% vs. 8 weeks 8.8%) (Supplementary Figures S5C,D).




Safety outcomes


TEAEs

Twenty-five studies (14, 17, 28–47, 49, 50, 52) encompassing eleven interventions reported data on TEAEs for PUD. The network plot is presented in Figure 2D. Among these studies, the five most frequently reported adverse events associated with various PPIs were headache, diarrhea, nausea, constipation, and abdominal pain. In contrast, the most common adverse events associated with vonoprazan group were diarrhea, constipation, nausea, infections, and fractures. No significant difference in the incidence of TEAEs was observed across all interventions (Figure 6). The results of SUCRA indicated that lansoprazole 30 mg ranks the first, followed by rabeprazole 20 mg, ilaprazole 10 mg, pantoprazole 40 mg, ilaprazole 5 mg, vonoprazan 20 mg, rabeprazole 10 mg, vonoprazan 10 mg, placebo and esomeprazole 20 mg (Table 2; Supplementary Figure S6A).
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FIGURE 6
 Forest plot of network meta-analysis for treatment-emergent adverse events. A, Placebo; B, Omeprazole 20 mg; C, Lansoprazole 30 mg; D, Pantoprazole 40 mg; E, Rabeprazole 20 mg; F, Ilaprazole 5 mg; G, Ilaprazole 10 mg; H, Rabeprazole 10 mg; J, Vonoprazan 20 mg; k, Esomeprazole 20 mg; L, Vonoprazan 10 mg.




DRAEs

DRAEs were reported in eleven studies (14, 17, 35, 43–47, 49, 50, 52) involving nine interventions. There was no significant difference in the incidence of DRAEs among the majority of PPIs, vonoprazan, and placebo (Figure 7). However, the data indicated that ilaprazole 10 mg is associated with a lower incidence of DRAEs compared to ilaprazole 5 mg (OR=0.48, 95%CI=0.23-0.95).The results of SUCRA indicated that the relative ranking safety was: lansoprazole 30 mg ranked first, followed by vonoprazan 10 mg, ilaprazole 10 mg, vonoprazan 20 mg, placebo, esomeprazole 20 mg, omeprazole 20 mg, rabeprazole 10 mg and ilaprazole 5 mg (Table 2 and Supplementary Figure S6B).

[image: Figure 7]

FIGURE 7
 Forest plot of network meta-analysis for drug-related adverse events. A, Placebo; B, Omeprazole 20 mg; C, Lansoprazole 30 mg; F, Ilaprazole 5 mg; G, Ilaprazole 10 mg; H, Rabeprazole 10 mg; J, Vonoprazan 20 mg; K, Esomeprazole 20 mg; L, Vonoprazan 10 mg.





Complications


Delayed bleeding

Five studies (15, 16, 18, 20, 22) on ESD-induced gastric ulcer included 711 participants and the investigators reported delayed bleeding complications in patients treated with vonoprazan and PPIs. According to the results, there was no significant difference in the delayed bleeding rate among all the included interventions (Supplementary Figure S7A). The results of SUCRA indicated that the relative ranking safety was vonoprazan 20 mg, lansoprazole 30 mg and esomeprazole 20 mg (Supplementary Figure S7B).



Ulcer perforation

Six studies (15, 16, 18, 20, 22, 53) on ESD-induced gastric ulcer included 850 participants and the investigators reported ulcer perforation complications in patients treated with vonoprazan 20 mg, esomeprazole 20 mg, and lansoprazole 30 mg. There was no significant difference in the ulcer perforation rate among all the included interventions based on the network meta-analysis results (Supplementary Figure S7C). The results of SUCRA indicated that the relative ranking safety was lansoprazole 30 mg, vonoprazan 20 mg and esomeprazole 20 mg (Supplementary Figure S7D).



Evaluation of inconsistency

Results of evaluation of the inconsistency for all comparisons are presented in Supplementary Table S3 and Supplementary Figures S8, S9. We noted a significance level of p > 0.05 for all cases, which indicated that inconsistency was not present in any comparison. Thus, the consistency hypothesis was accepted in this study.



Publication bias

The visual examination of the funnel plots did not indicate the presence of publication bias for ulcer healing rates at 4 weeks and 8 weeks, TEAEs, and DRAEs in our network meta-analysis. Furthermore, Egger’s test results corroborated the absence of small-study effects. The funnel plots and corresponding P-values from Egger’s test are detailed in Supplementary Figure S10 and Supplementary Table S4.





Discussion

PUD is a globally prevalent condition associated with considerable morbidity and mortality (1, 2). Acid suppression plays a pivotal role in the management of PUD (2). It is widely accepted that the enhancement of PUD treatment is achieved through the suppression of gastric acid secretion, with super efficacy attained when sustaining an intragastric pH > 3 for as long as possible with a 24-h period (54, 55). Although PPIs are currently the most commonly used acid suppressants, their effectiveness has been under scrutiny due to their inherent limited acid inhibition ability. Vonoprazan is a novel, potent, and highly selective P-CABs with an acting mechanism different from PPIs. Previous pharmacodynamic studies have affirmed that vonoprazan is more effective than lansoprazole in maintaining intragastric pH > 3 for this extended duration (56, 57). Another study reported that the pH 4 holding time ratios of vonoprazan were significantly longer than those of esomeprazole and rabeprazole (58). Vonoprazan was expected to exhibit more pronounced efficacy in acid-related diseases, including PUD.

We combined available direct and indirect evidence from 25 RCTs to evaluate the efficacy of different doses of vonoprazan and PPIs in the treatment of PUD. The results showed that all included anti-ulcer regimens had better efficacy than placebo, and the efficacy varied depending on the duration of treatment for PUD. Moreover, there was no significant difference between vonoprazan and all included PPIs. However, based on the SUCRA results, lansoprazole 30 mg ranked first in terms of the healing rate of 2 and 8 weeks and pantoprazole 40 mg ranked first in terms of the healing rate of 2 weeks. Additionally, lansoprazole 30 mg ranked first for safety in terms of TEAEs and DRAEs. From this point of view, lansoprazole 30 mg could be considered as the optimal treatment for PUD. Furthermore, subgroup analysis also confirmed the efficacy of pantoprazole 40 mg in the treatment of peptic ulcer and lansoprazole 30 mg in the treatment of gastric ulcer and duodenal ulcer at 4 weeks.

To date, only one network meta-analysis (59) has been performed to investigate the efficacy and safety of vonoprazan compared with PPIs in the treatment of peptic ulcer. This study confirmed the superiority of vonoprazan to PPIs in treating peptic ulcer, which included 45 direct and indirect comparisons. In addition, the study also showed that vonoprazan had a moderate risk of adverse events, and the rates of DRAEs was higher than those of lansoprazole, which was consistent with our study. However, our network meta-analysis did not substantiate the superiority of vonoprazan in patients with either PUD or peptic ulcer. It is critical to acknowledge that prior network meta-analyses arrived at their conclusions by incorporating data from varying treatment durations into a single quantitative synthesis. This methodological approach may have introduced bias and potentially influenced the outcomes. Treatment duration is a crucial factor in ulcer healing, with extended treatment periods often resulting in enhanced healing (14). The clinical significance of faster ulcer healing cannot be overlooked, as it can lead to quicker symptom relief, reduce the risk of complications, and shorten the overall treatment course, which is highly beneficial for patients. Our study addressed this by investigating the efficacy of all strategies separately according to different treatment durations, which significantly increased the reliability of the pooled results. Furthermore, the dosage of the drug represents a critical variable influencing ulcer healing. Previous study, however, did not account for the impact of different drug dosages on their findings, thereby introducing significant bias due to unit-of-analysis errors. Taking this critical factor into account, our study evaluated and ranked various doses of vonoprazan and PPIs based on their relative efficacy, providing clinicians with more practical recommendations for decision making, which is a notable strength of this study.

Recently, several meta-analyses have been conducted to evaluate the efficacy of vonoprazan and PPIs in the treatment of ESD-induced gastric ulcer. Some of the studies (18, 19) demonstrated the superiority of vonoprazan compared with PPIs, while other studies (60, 61) verified the non-inferiority of vonoprazan to PPIs in the ulcer healing of ESD-induced gastric ulcer. Chen et al. (62) conducted an updated meta-analysis directly compared the efficacy of vonoprazan with PPIs, and the results confirmed there were no significant differences in terms of ulcer healing, shrinkage rates, or ulcer perforation rates between vonoprazan and PPIs. One potential reason for this difference is the use of different PPIs in individual studies, and drug metabolism differs depending on the types of PPIs. Ulcer healing might be affected by different PPIs across studies. Thus, it remains unclear whether vonoprazan is superior to PPIs in the healing of ESD-induced gastric ulcer.

We conducted a subgroup analysis on ESD-induced gastric ulcer to compare the efficacy of vonoprazan with PPIs using direct and indirect evidence, and no significant difference was found between vonoprazan 20 mg, lansoprazole 30 mg, and esomeprazole 20 mg. Based on the SUCRA results, lansoprazole 30 mg ranked first for the ulcer healing rate at 4 and 8 weeks among lansoprazole 30 mg, esomeprazole 20 mg, and vonoprazan 20 mg in patients with ESD-induced gastric ulcer. Most studies administered injections of PPIs before ESD (15, 16, 18, 19, 48), while a few studies administered PPIs orally early (20, 53). This approach may be related to an increase in gastric pH value, partially helping to observe the rapidity and effectiveness of the healing process, and may lead to bias in overestimating the efficacy of PPIs. Moreover, PPIs are prodrugs, which have a gradual onset of action and typically reach a steady state of efficacy after 3–5 days of intake (9). Early administrations accelerate the onset time of PPIs, causing them to reach a steady state earlier, which may affect the results and introduce bias; hence, the results should be interpreted with caution.

As a newer drug, vonoprazan is relatively more expensive than traditional PPIs such as lansoprazole. According to the World Health Organization’s Model List of Essential Medicines, most of PPIs is listed as an essential medicine, while vonoprazan is not (63). Based on our findings, we conclude that lansoprazole 30 mg and pantoprazole 40 mg are not only more effective and safer than vonoprazan 20 mg, but also more cost-effective and accessible. Lansoprazole 30 mg may be the optimal regimen for treating PUD at 2 and 8 weeks, and pantoprazole 40 mg may be optimal regimen in treating PUD and peptic ulcer, especially in settings with limited healthcare resources. However, in groups or individuals at high risk for acid-suppression, vonoprazan could be more effective since it does not affect by the CYP2C19 polymorphism (12, 13).

However, there are still some limitations in this study. Firstly, a subgroup analysis predicated on H. pylori infection status was not executed, attributable to the insufficiency of pertinent data within this study. We acknowledge the significance of H. pylori status in comprehending the comprehensive efficacy of ulcer treatments and its prospective influence on treatment outcomes. We plan to update the results once we obtain the necessary data. Secondly, studies publish in language other than English were excluded, which could result in potential bias. Thirdly, vonoprazan was first approved in Japan, and most of the included studies were performed in Japan (14–16, 18–22, 48–50, 53), urgently requiring further researches from other countries to confirm our results. Fourthly, the number of interventions and studies included in each subgroup are inconsistent, and the results should be interpreted with caution. More head to head studies are needed to demonstrate the reliability of outcomes. Fifthly, we have included data on artificial gastric ulcers in the analysis of PUD. Although the treatment strategies for both artificial gastric ulcers and traditional peptic ulcers involve inhibiting acid secretion and promoting ulcer healing, the pathogenesis of peptic ulcers and artificial gastric ulcers is different, which may lead to some differences. More studies focusing on peptic ulcers are needed to clarify the efficacy of vonoprazan compared with various PPIs.



Conclusion

The finding of this network meta-analysis suggested lansoprazole 30 mg may be the optimal regimen to increase the ulcer healing rate of 2 and 8 weeks of PUD, whereas pantoprazole 40 mg performed best in 4-week ulcer healing of PUD. Subgroup analysis showed that lansoprazole 30 mg was the most efficacious regimen for 4 weeks gastric ulcer and duodenal ulcer, while pantoprazole 40 mg was the optimal treatment in peptic ulcers. In terms of artificial gastric ulcer, lansoprazole 30 mg was the most effective regimen for ulcer healing at 4 and 8 weeks. Meanwhile, the safety of lansoprazole 30 mg might be superior to other treatment interventions in PUD. Our findings question the efficacy and safety of vonoprazan, and further direct head-to-head studies of vonoprazan and PPIs are needed to clarify the efficacy and safety of vonoprazan in clinical practice to guide clinical decision making and provide better treatment options.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

LT: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. DX: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. FY: Data curation, Formal analysis, Writing – review & editing. RL: Data curation, Formal analysis, Writing – review & editing. YZ: Conceptualization, Methodology, Project administration, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1436993/full#supplementary-material



References

 1. Sverdén, E, Agréus, L, Dunn, JM, and Lagergren, J. Peptic ulcer disease. BMJ. (2019) 367:l5495. doi: 10.1136/bmj.l5495

 2. Lanas, A, and Chan, FKL. Peptic ulcer disease. Lancet. (2017) 390:613–24. doi: 10.1016/S0140-6736(16)32404-7 

 3. Rosenstock, SJ, and Jørgensen, T. Prevalence and incidence of peptic ulcer disease in a Danish county--a prospective cohort study. Gut. (1995) 36:819–24. doi: 10.1136/gut.36.6.819

 4. Ren, J, Jin, X, Li, J, Li, R, Gao, Y, Zhang, J , et al. The global burden of peptic ulcer disease in 204 countries and territories from 1990 to 2019: a systematic analysis for the global burden of disease study 2019. Int J Epidemiol. (2022) 51:1666–76. doi: 10.1093/ije/dyac033 

 5. Kanotra, R, Ahmed, M, Patel, N, Thakkar, B, Solanki, S, Tareen, S , et al. Seasonal variations and trends in hospitalization for peptic ulcer disease in the United States: a 12-year analysis of the Nationwide inpatient sample. Cureus. (2016) 8:e854. doi: 10.7759/cureus.854

 6. Kamada, T, Satoh, K, Itoh, T, Ito, M, Iwamoto, J, Okimoto, T , et al. Evidence-based clinical practice guidelines for peptic ulcer disease 2020. J Gastroenterol. (2021) 56:303–22. doi: 10.1007/s00535-021-01769-0 

 7. Srebro, J, Brniak, W, and Mendyk, A. Formulation of dosage forms with proton pump inhibitors: state of the art, challenges and future perspectives. Pharmaceutics. (2022) 14:2043. doi: 10.3390/pharmaceutics14102043

 8. Strand, DS, Kim, D, and Peura, DA. 25 years of proton pump inhibitors: a comprehensive review. Gut Liver. (2017) 11:27–37. doi: 10.5009/gnl15502 

 9. Zhang, HJ, Zhang, XH, Liu, J, Sun, LN, Shen, YW, Zhou, C , et al. Effects of genetic polymorphisms on the pharmacokinetics and pharmacodynamics of proton pump inhibitors. Pharmacol Res. (2020) 152:104606. doi: 10.1016/j.phrs.2019.104606

 10. Scally, B, Emberson, JR, Spata, E, Reith, C, Davies, K, Halls, H , et al. Effects of gastroprotectant drugs for the prevention and treatment of peptic ulcer disease and its complications: a meta-analysis of randomised trials. Lancet Gastroenterol Hepatol. (2018) 3:231–41. doi: 10.1016/S2468-1253(18)30037-2 

 11. Abdel-Aziz, Y, Metz, DC, and Howden, CW. Review article: potassium-competitive acid blockers for the treatment of acid-related disorders. Aliment Pharmacol Ther. (2021) 53:794–809. doi: 10.1111/apt.16295 

 12. Rawla, P, Sunkara, T, Ofosu, A, and Gaduputi, V. Potassium-competitive acid blockers – are they the next generation of proton pump inhibitors? World J Gastrointest Pharmacol Ther. (2018) 9:63–8. doi: 10.4292/wjgpt.v9.i7.63 

 13. Mori, H, and Suzuki, H. Role of acid suppression in acid-related diseases: proton pump inhibitor and potassium-competitive acid blocker. J Neurogastroenterol Motil. (2019) 25:6–14. doi: 10.5056/jnm18139 

 14. Miwa, H, Uedo, N, Watari, J, Mori, Y, Sakurai, Y, Takanami, Y , et al. Randomised clinical trial: efficacy and safety of vonoprazan vs. lansoprazole in patients with gastric or duodenal ulcers – results from two phase 3, non-inferiority randomised controlled trials. Aliment Pharmacol Ther. (2017) 45:240–52. doi: 10.1111/apt.13876 

 15. Tsuchiya, I, Kato, Y, Tanida, E, Masui, Y, Kato, S, Nakajima, A , et al. Effect of vonoprazan on the treatment of artificial gastric ulcers after endoscopic submucosal dissection: prospective randomized controlled trial. Dig Endosc. (2017) 29:576–83. doi: 10.1111/den.12857 

 16. Kawai, D, Takenaka, R, Ishiguro, M, Okanoue, S, Gotoda, T, Kono, Y , et al. Vonoprazan versus lansoprazole in the treatment of artificial gastric ulcers after endoscopic submucossal dissection: a randomized, open-label trial. BMC Gastroenterol. (2021) 21:236. doi: 10.1186/s12876-021-01822-5

 17. Hou, X, Meng, F, Wang, J, Sha, W, Chiu, CT, Chung, WC , et al. Vonoprazan non-inferior to lansoprazole in treating duodenal ulcer and eradicating Helicobacter pylori in Asian patients. J Gastroenterol Hepatol. (2022) 37:1275–83. doi: 10.1111/jgh.15837 

 18. Hirai, A, Takeuchi, T, Takahashi, Y, Kawaguchi, S, Ota, K, Harada, S , et al. Comparison of the effects of Vonoprazan and lansoprazole for treating endoscopic submucosal dissection-induced artificial ulcers. Dig Dis Sci. (2018) 63:974–81. doi: 10.1007/s10620-018-4948-0 

 19. Ishii, Y, Yamada, H, Sato, T, Sue, S, Kaneko, H, Irie, K , et al. Effects of Vonoprazan compared with esomeprazole on the healing of artificial Postendoscopic submucosal dissection ulcers: a prospective, multicenter, two-arm, randomized controlled trial. Gastroenterol Res Pract. (2018) 2018:1615092. doi: 10.1155/2018/1615092

 20. Ichida, T, Ueyama, S, Eto, T, Kusano, F, and Sakai, Y. Randomized controlled trial comparing the effects of Vonoprazan plus Rebamipide and esomeprazole plus Rebamipide on gastric ulcer healing induced by endoscopic submucosal dissection. Intern Med. (2019) 58:159–66. doi: 10.2169/internalmedicine.1146-18 

 21. Komori, H, Ueyama, H, Nagahara, A, Akazawa, Y, Takeda, T, Matsumoto, K , et al. A prospective randomized trial of a potassium competitive acid blocker vs proton pump inhibitors on the effect of ulcer healing after endoscopic submucosal dissection of gastric neoplasia. J Int Med Res. (2019) 47:1441–52. doi: 10.1177/0300060519828514 

 22. Ban, H, Inatomi, O, Murata, M, Otsuka, T, Oi, M, Matsumoto, H , et al. Vonoprazan vs lansoprazole for the treatment of artificial gastric ulcer after endoscopic submucosal dissection: a prospective randomized comparative study. J Clin Biochem Nutr. (2021) 68:259–63. doi: 10.3164/jcbn.20-143 

 23. Hutton, B, Salanti, G, Caldwell, DM, Chaimani, A, Schmid, CH, Cameron, C , et al. The PRISMA extension statement for reporting of systematic reviews incorporating network meta-analyses of health care interventions: checklist and explanations. Ann Intern Med. (2015) 162:777–84. doi: 10.7326/M14-2385 

 24. Higgins, JP, Altman, DG, Gøtzsche, PC, Jüni P, Moher D, Oxman AD, P, Moher, D, Oxman, AD , et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928

 25. Shim, S, Yoon, BH, Shin, IS, and Bae, JM. Network meta-analysis: application and practice using Stata. Epidemiol Health. (2017) 27:e2017047. doi: 10.4178/epih.e2017047

 26. Mbuagbaw, L, Rochwerg, B, Jaeschke, R, Heels-Andsell, D, Alhazzani, W, Thabane, L , et al. Approaches to interpreting and choosing the best treatments in network meta-analyses. Syst Rev. (2017) 6:79. doi: 10.1186/s13643-017-0473-z

 27. Sterne, JA, Sutton, AJ, Ioannidis, JP, Terrin, N, Jones, DR, Lau, J , et al. Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ. (2011) 343:d4002. doi: 10.1136/bmj.d4002

 28. Graham, DY, McCullough, A, Sklar, M, Sontag, SJ, Roufail, WM, Stone, RC , et al. Omeprazole versus placebo in duodenal ulcer healing. The United States experience. Dig Dis Sci. (1990) 35:66–72. doi: 10.1007/BF01537225

 29. Avner, DL, Dorsch, ER, Jennings, DE, and Greski-Rose, PA. A comparison of three doses of lansoprazole (15, 30 and 60 mg) and placebo in the treatment of duodenal ulcer. The lansoprazole study group. Aliment Pharmacol Ther. (1995) 9:521–8. doi: 10.1111/j.1365-2036.1995.tb00415.x

 30. Chang, FY, Chiang, CY, Tam, TN, Ng, WW, and Lee, SD. Comparison of lansoprazole and omeprazole in the short-term management of duodenal ulcers in Taiwan. J Gastronterol Hepatol. (1995) 10:595–601. doi: 10.1111/j.1440-1746.1995.tb01352.x

 31. Ekström, P, Carling, L, Unge, P, Anker-Hansen, O, Sjöstedt, S, and Sellström, H. Lansoprazole versus omeprazole in active duodenal ulcer. A double-blind, randomized, comparative study. Scand J Gastroenterol. (1995) 30:210–5. doi: 10.3109/00365529509093265

 32. Witzel, L, Gütz, H, Hüttemann, W, and Schepp, W. Pantoprazole versus omeprazole in the treatment of acute gastric ulcers. Aliment Pharmacol Ther. (1995) 9:19–24. doi: 10.1111/j.1365-2036.1995.tb00346.x

 33. Rehner, M, Rohner, HG, and Schepp, W. Comparison of pantoprazole versus omeprazole in the treatment of acute duodenal ulceration--a multicenter study. Aliment Pharmacol Ther. (1995) 9:411–6. doi: 10.1111/j.1365-2036.1995.tb00399.x

 34. Goh, KL, Boonyapisit, S, Lai, KH, Chang, R, Kang, JY, and Lam, SK. Prevention of duodenal ulcer relapse with omeprazole 20 mg daily: a randomized double-blind, placebo-controlled study. J Gastroenterol Hepatol. (1995) 10:92–7. doi: 10.1111/j.1440-1746.1995.tb01055.x

 35. Kovacs TOCampbell, D, Haber, M, Rose, P, Jennings, DE, Richter, J , et al. Double-blind comparison of lansoprazole 15 mg, lansoprazole 30 mg, and placebo in the maintenance of healed gastric ulcer. Dig Dis Sci. (1998) 43:779–85. doi: 10.1023/a:1018818115047

 36. Dekkers, CP, Beker, JA, Thjodleifsson, B, Gabryelewicz, A, Bell, NE, and Humphries, TJ. Comparison of rabeprazole 20 mg vs. omeprazole 20 mg in the treatment of active gastric ulcer--a European multicentre study. The European Rabeprazole study group. Aliment Pharmacol Ther. (1998) 12:789–95. doi: 10.1046/j.1365-2036.1998.00373.x

 37. Dobrilla, G, Piazzi, L, and Fiocca, R. Lansoprazole versus omeprazole for duodenal ulcer healing and prevention of relapse: a randomized, multicenter, double-masked trial. Clin Ther. (1999) 21:1321–32. doi: 10.1016/s0149-2918(99)80033-2

 38. Dekkers, CP, Beker, JA, Thjodleifsson, B, Gabryelewicz, A, Bell, NE, and Humphries, TJ. Comparison of rabeprazole 20 mg versus omeprazole 20 mg in the treatment of active duodenal ulcer: a European multicentre study. Aliment Pharmacol Ther. (1999) 13:179–86.

 39. Bianchi Porro, G, Lazzaroni, M, Imbesi, V, Montrone, F, and Santagada, T. Efficacy of pantoprazole in the prevention of peptic ulcer, induced by non-steroidal anti-inflammatory drugs: a prospective, placebo-controlled, double-blind, parallel-group study. Dig Liver Dis. (2000) 32:201–8. doi: 10.1016/s1590-8658(00)80821-x

 40. Ando, T, Kato, H, Sugimoto, N, Nagao, Y, Seto, N, Hongo, H , et al. A comparative study on endoscopic ulcer healing of omeprazole versus rabeprazole with respect to CYP2C19 genotypic differences. Dig Dis Sci. (2005) 50:1625–31. doi: 10.1007/s10620-005-2907-z

 41. Ji, S, Kim, HS, Kim, JW, Jee, MK, Park, KW, Uh, Y , et al. Comparison of the efficacy of rabeprazole 10 mg and omeprazole 20 mg for the healing rapidity of peptic ulcer diseases. J Gastroenterol Hepatol. (2006) 21:1381–7. doi: 10.1111/j.1440-1746.2006.04314.x

 42. Ho, KY, Kuan, A, Zaño, F, Goh, KL, Mahachai, V, Kim, DY , et al. Randomized, parallel, double-blind comparison of the ulcer-healing effects of ilaprazole and omeprazole in the treatment of gastric and duodenal ulcers. J Gastroenterol. (2009) 44:697–707. doi: 10.1007/s00535-009-0072-4 

 43. Wang, L, Zhou, L, Lin, S, Hu, H, and Xia, J. A new PPI, ilaprazole compared with omeprazole in the treatment of duodenal ulcer: a randomized double-blind multicenter trial. J Clin Gastroenterol. (2011) 45:322–9. doi: 10.1097/MCG.0b013e3181e88515 

 44. Sugano, K, Kinoshita, Y, Miwa, H, and Takeuchi, T, Esomeprazole NSAID Preventive Study Group. Esomeprazole NSAID preventive study group. Randomised clinical trial: esomeprazole for the prevention of nonsteroidal anti-inflammatory drug-related peptic ulcers in Japanese patients. Aliment Pharmacol Ther. (2012) 36:115–25. doi: 10.1111/j.1365-2036.2012.05133.x 

 45. Wang, L, Zhou, L, Hu, H, Lin, S, and Xia, J. Ilaprazole for the treatment of duodenal ulcer: a randomized, double-blind and controlled phase III trial. Curr Med Res Opin. (2012) 28:101–9. doi: 10.1185/03007995.2011.639353 

 46. Scheiman, JM, Devereaux, PJ, Herlitz, J, Katelaris, PH, Lanas, A, Veldhuyzen van Zanten, S , et al. Prevention of peptic ulcers with esomeprazole in patients at risk of ulcer development treated with low-dose acetylsalicylic acid: a randomised, controlled trial (OBERON). Heart. (2011) 97:797–802. doi: 10.1136/hrt.2010.217547 

 47. Sugano, K, Choi, MG, Lin, JT, Goto, S, Okada, Y, Kinoshita, Y , et al. Multinational, double-blind, randomised, placebo-controlled, prospective study of esomeprazole in the prevention of recurrent peptic ulcer in low-dose acetylsalicylic acid users: the LAVENDER study. Gut. (2014) 63:1061–8. doi: 10.1136/gutjnl-2013-304722 

 48. Takahashi, K, Sato, Y, Kohisa, J, Watanabe, J, Sato, H, Mizuno, K , et al. Vonoprazan 20 mg vs lansoprazole 30 mg for endoscopic submucosal dissection-induced gastric ulcers. World J Gastrointest Endosc. (2016) 8:716–22. doi: 10.4253/wjge.v8.i19.716

 49. Mizokami, Y, Oda, K, Funao, N, Nishimura, A, Soen, S, Kawai, T , et al. Vonoprazan prevents ulcer recurrence during long-term NSAID therapy: randomised, lansoprazole-controlled non-inferiority and single-blind extension study. Gut. (2018) 67:1042–51. doi: 10.1136/gutjnl-2017-314010 

 50. Kawai, T, Oda, K, Funao, N, Nishimura, A, Matsumoto, Y, Mizokami, Y , et al. Vonoprazan prevents low-dose aspirin-associated ulcer recurrence: randomised phase 3 study. Gut. (2018) 67:1033–41. doi: 10.1136/gutjnl-2017-314852

 51. Bang, CS, Shin, WG, Seo, SI, Choi, MH, Jang, HJ, Park, SW , et al. Effect of ilaprazole on the healing of endoscopic submucosal dissection-induced gastric ulcer: randomized-controlled, multicenter study. Surg Endosc. (2019) 33:1376–85. doi: 10.1007/s00464-018-6412-9

 52. Fan, L, Xianghong, Q, Ling, W, Ying, H, Jielai, X, and Haitang, H. Ilaprazole compared with rabeprazole in the treatment of duodenal ulcer: a randomized, double-blind, active-controlled, multicenter study. J Clin Gastroenterol. (2019) 53:641–7. doi: 10.1097/MCG.0000000000001186 

 53. Hamada, K, Uedo, N, Tonai, Y, Arao, M, Suzuki, S, Iwatsubo, T , et al. Efficacy of vonoprazan in prevention of bleeding from endoscopic submucosal dissection-induced gastric ulcers: a prospective randomized phase II study. J Gastroenterol. (2019) 54:122–30. doi: 10.1007/s00535-018-1487-6 

 54. Howden, CW, Burget, DW, and Hunt, RH. Appropriate acid suppression for optimal healing of duodenal ulcer and gastro-oesophageal reflux disease. Scand J Gastroenterol Suppl. (1994) 201:79–82.

 55. Schubert, ML, and Peura, DA. Control of gastric acid secretion in health and disease. Gastroenterology. (2008) 134:1842–60. doi: 10.1053/j.gastro.2008.05.021 

 56. Scarpignato, C, Howden, CW, Leifke, E, Mulford, DJ, Lahu, G, Facius, A , et al. A translational pharmacokinetic/pharmacodynamic approach supports optimal vonoprazan dosing for erosive oesophagitis and Helicobacter pylori infection. Aliment Pharmacol Ther. (2023) 58:16–25. doi: 10.1111/apt.17510 

 57. Echizen, H. The first-in-class potassium-competitive acid blocker, vonoprazan fumarate: pharmacokinetic and pharmacodynamic considerations. Clin Pharmacokinet. (2016) 55:409–18. doi: 10.1007/s40262-015-0326-7 

 58. Sakurai, Y, Mori, Y, Okamoto, H, Nishimura, A, Komura, E, Araki, T , et al. Acid-inhibitory effects of vonoprazan 20 mg compared with esomeprazole 20 mg or rabeprazole 10 mg in healthy adult male subjects—a randomised open-label cross-over study. Aliment Pharmacol Ther. (2015) 42:719–30. doi: 10.1111/apt.13325 

 59. Ouyang, M, Zou, S, Cheng, Q, Shi, X, Zhao, Y, and Sun, M. Comparative efficacy and safety of potassium-competitive acid blockers vs. proton pump inhibitors for peptic ulcer with or without Helicobacter pylori infection: a systematic review and network Meta-analysis. Pharmaceuticals (Basel). (2024) 17:698. doi: 10.3390/ph17060698 

 60. Martin, ZY, Meng, CX, Takagi, T, and Tian, YS. Vonoprazan vs proton pump inhibitors in treating post-endoscopic submucosal dissection ulcers and preventing bleeding: a meta-analysis of randomized controlled trials and observational studies. Medicine (Baltimore). (2020) 99:e19357. doi: 10.1097/MD.0000000000019357

 61. He, HS, Li, BY, Chen, QT, Song, CY, Shi, J, and Shi, B. Comparison of the use of vonoprazan and proton pump inhibitors for the treatment of peptic ulcers resulting from endoscopic submucosal dissection: a systematic review and meta-analysis. Med Sci Monit. (2019) 25:1169–76. doi: 10.12659/MSM.911886 

 62. Chen, L, Jiang, D, Hu, D, and Cui, X. Comparison of vonoprazan and proton pump inhibitors for the treatment of gastric endoscopic submucosal dissection-induced ulcer: an updated systematic review and meta-analysis. BMC Gastroenterol. (2024) 24:110. doi: 10.1186/s12876-024-03198-8 

 63. World Health Organization List of essential medicines – twenty-second ed; (2021). Available at: https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2021.02 (accessed October 10, 2021).


Copyright
 © 2024 Tian, Xiang, Yue, Li and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and safety of vonoprazan versus proton pump inhibitors in the treatment of peptic ulcer disease: a systematic review and network meta-analysis for randomized controlled trails



		Introduction



		Methods



		Search strategy



		Study selection



		Data extraction and study quality assessment



		Statistical analysis









		Results



		Literature selection



		Based characteristics of eligible studies and quality assessment



		Efficacy outcomes



		Ulcer healing rate at 2 weeks



		Ulcer healing rate at 4 weeks



		Ulcer healing rate at 8 weeks



		Healing rate of gastric ulcer and duodenal ulcer at 4 weeks



		Ulcer healing rate at 4 weeks and 8 weeks of ESD-induced gastric ulcer









		Safety outcomes



		TEAEs



		DRAEs









		Complications



		Delayed bleeding



		Ulcer perforation



		Evaluation of inconsistency



		Publication bias















		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Efficacy and safety of vonoprazan
versus proton pump inhibitors in
the treatment of peptic ulcer
disease: a systematic review and
network meta-analysis for
randomized controlled trails












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






OPS/images/fnut-11-1436993-g005.jpg
e —_— Troatmant Efoct Moan with 95%C1
——  smumB Bwa ——  soeoaem
—— 1260(8682798)
e cwa —e— s @em27%
—— 7m@1T) Fea ——— 785307200
——  sw0Eess oy S awpmay
—e— tisBs0z128)
o 156,067,386 awa ——— 218680309
he 2251234.10) cwe - 15(067366)
£ 053 058.155)
i e e Fus e 007052189
o 143058356 Gwe — 118(088211)
jom bt 144051400 - sl 05740
—t o0 22161) awe 151057402)
e 054 020.171) Fue 082(022:180,
-+ smpmim Gwe e 075027212
— at )
==} bl eyl sne -+ 097080156
=l 084 021.188) Gwr e 121072200
T 108069167 e —t—
7 i amien Jwr 185048457
e 14051399 e e 128041400
2 A o4 2 n LD






OPS/images/fnut-11-1436993-g006.jpg
Trestment Efect Mean with 9591
Bua S G — 081042158)
cua 059025128)
DA 0720281 77)
Ewa 0e20251 20)
Fwa S S — 0780034179
Gma L S S E— 0600030.147)
Haa 083030229)
Jwa 030031208
KA — 118077174
Lwa ose022¢2
cus —_— 072038137
ows —_— 0890451 76)
Eus [ — 077042143
Fug — 0900581 58)
31 — 0810221 26)
Hus [ —— ) 102047219
Jus —_— 0s8046210)
ka8 [ 1a20e531n
Las 108041278
ouc 1230 48310)
Euc 1070 s288
anc S P S —
Hac
Juc [ —)
Knc
Lac —
Euo
Fuo — L
Gwd S S —)
HaD
Jud
P
Lwo
Fae [ G —
GnE e
Hue
M
Kne
Lne
GwE [F—— —
Har —_
JaE
Kar
Lar
Hae —
Jnc
Kue
Las
Jan
Lan
K
Loy —
[ 074022243






OPS/images/fnut-11-1436993-g003.jpg
Troatment Effoct Moan with 95%C1
BvsA pe—gg— 3.90 (1.89.8.05)
cvsa —e— 535(264,1082)
EvsA ———  4.09(1.799.37)
FvsA N 2.74 (1.09.6.94)
GvsA ———— 4.85(2.09,11.25)
Jvs A —e— 525451127
CvsB —— 1.37 (0.74,2.55)
EvsB b 1.05 (0.70,1.57)
FvsB —p 0.70 (0.39,1.26)
GuB o 124 (081.1.91)
JvsB —pl— 1.35 (0.68,2.68)
EvsC e 0.7 (037.1.60)
Fwe r—o—1 0.51 (0.22,1.20)
Guc — 0.91(0431.63)
JvsC - 0.98 (0.73,1.32)
FvsE ——T 0.67 (0.33,1.36)
GVsE —— 1.19 (0.66,2.13)
JvsE = 1.28 (0.58,2.84)
GvsF —— 1.77 (1.08,2.90)
JvsF ——— 1.91(0.784.71)
Jvs G —— 1.08 (0.48,2.43)
CRNNEE (N T
Placebo Omeprazole 20mg Lansoprazole 30mg
2 ° 2
< © ©
- - o
] SUCRA=0.2% 2 SUCRA=46.3% & SUCRA=78.2%
g DR R S e
; Rabeprazole 20mg llaprazole 5mg laprazole 10mg
S - - -
Lo o o
ge ° °
@ - x *
M & M
23 SUCRA=54.1% & CRA=235% o SUCRA=73.4%
E 1 23 & &6 @ A 1 2 3 4 5 G 7 102 3 A6 67
5
3 Vonoprazan 20mg
2
°
<
o
°

Rank
Graphs by Treatment





OPS/images/fnut-11-1436993-g004.jpg
mnEm

Haan with 95%C1
8156141608
1240 (8792058
1838 (7 424838
770793317

057058
1040 e8.1.06)

103028
110(0294.10)
2090.45;

138 028
13033889






OPS/images/fnut-11-1436993-t002.jpg
Treatment

Placebo A
Omeprazole 20mg B
Lansoprazole 30 mg c
Pantoprazole 40mg D
Rabeprazole 20 mg E
Tlaprazole 5 mg P
Tlaprazole 10mg G
Rabeprazole 10mg H
Tlaprazole 20 mg 1
Vonoprazan 20 mg J
Esomeprazole 20mg K
Vonoprazan 10 mg L

PUD, peptic ulcer disease; PU, peptic ulcer;

02
463
782

541
25
734

o1
360
67.8
864
385
340
394
80.5
57.0
592
511

Efficacy outcomes
4 weeks
PU
00 -
411 -
746 69.1

915 -

359 -

639 459
- 358

00

431
783

8 weeks

537
89

Safety outcomes

TEAEs

309
4.0
773
573
689
50.0
685
456
467
19.1

a7

3U, gastric ulcer; DU, duodenal ulcer; TEAES, treatment-emerged adverse events; DRAES, drug related adverse events.

DRAEs

507
431

760

25
59.7
294

57.7
3
666





OPS/images/fnut-11-1436993-g007.jpg
Mean with 95%Cl
164 (0.04,73.88)

— e 055 (0.11,2.86)
(0.06,108.26)
(0.0352.73)
06,89.25)
e 13,397)
o 79.1.47)
—— 11.373)
B 01,1031)
—— 69.3.43)
e 42,128)
——— 533.45)
e 01,12.78)
012977)
— 01,1178)
— 1

22ERaRIRETCoSnE8RSY
ES
3

T T
BeRBEROBIBRERREEVIVBBRELIBBRBIVRY

[(
(.
(.
(.
(.
(.
(.
(.
(.
(.
(.
(.
©
e (001
—_————— (0.15.109.98)
[ 0.7722.14)
—_— (0.37.10.48)
e 0632.47)
e (0.24,0.95)
= (0.43.1.83)
. S E— (0.017.91)
(0.01,18.54)
——— (0.017.30)
e (0.834.12)
—_—— (0.02,16.80)
(0.02:39.29)
D E—] (0.02,15.50)
—_— (0.018.26)
(0.01,19.53)
——— (0.01762)
e (0.26:8.78)
= (063129)
| — o — (0.10,3.56)

g





OPS/images/fnut-11-1436993-t001.jpg
Age(year); mean/

:ll:f':or o Treatment Number of patients reile Sy Fgllj?a\;‘,i;l;p Outcome measure

Group A Group B Group A Group B GroupA  Group B Efficacy Safety
Graham (25) 1990 USA OPZ20mg qd Placebo 102 51 475 51 1 4weeks vV vV
Avner (29) 1995 USA LPZ30mg qd Placebo 75 75 413 447 1 4weeks vV vV
Chang (30) 1995 China LPZ 30mg qd OPZ20mgqd 57 54 564 593 / 4weeks v v
Ekstrom (31) 1995 Sweden LPZ30mg qd OPZ20mg qd 143 136 544 553 1990.2-1991.8 4weeks vV vV
Witzel (32) 1995 Germany PPZ 40mg qd OPZ20mg qd 163 80 56 57 1 Sweeks vV vV
Rehner (33) 1995 Germany PPZ 40mg qd OPZ20mg qd 193 93 46 47 1 4weeks vV vV
Goh (34) 1995 China OPZ20mg qd Placebo 60 6 45 4 / 12months v
Kovacs (35) 1998 USA LPZ 30mg qd Placebo 15 15 575 583 12months N
Dekkers (36) 198 | UK RPZ 20mg qd OPZ20mgqd 3 4 555 5521 / 6weeks v
Dobrilla (37) | 1999 Tialy LPZ 30mg qd OPZ20mgqd 71 7 / / 1993.3-1994.2 12months v
Dekkers (3%) 199 UK RPZ 20mg qd OPZ20mgqd 102 103 473 478 / 4weeks v
Bianchi (39) 2000 Ttaly PPZ40mgqd Placebo 70 34 58 59 / 12weeks v
Ando (40) 2005 Japan RPZ 10mg qd OPZ20mgqd 39 4 516 506 2002.7-2003.10 Sweeks v
Ji(41) 2005 South Korea RPZ 10mg qd OPZ20mg qd 56 56 49.4 519 2002.7-2003.10 Gweeks v v
Ho (42) 2009 Singapore 1PZ5mg qd OPZ20mgqd 7 75 5275 5292 2002.9-2004.2 weeks v v

1PZ 10mg qd 7 5428 5292

1PZ5mg qd OPZ20mg qd 106 10 19.63 5156

1PZ10mg qd 101 479
Wang (43) 2011 China 1PZ5mg qd OPZ20mg qd 59 59 393 392 2004.11-2005.1 4weeks vV vV

1PZ 10mg qd 58 390 2004.11-2005.1

1PZ20mg qd 59 400 2004.11-2005.1
Sugano (44) 2012 Japan EPZ20mg qd Placebo 175 168 636 624 2007.8-2009.2 24wecks v
Wang (45) 2012 | Chima 1PZ10mg qd OPZ20mgqd £ 165 4121 089 2005.10-2006.1 weeks v v
Scheiman (46) | 2011 USA EPZ 20mg qd Placebo 804 805 677 674 2007.2-2008.8 26weeks v
Sugano (47) 2014 Japan EPZ 20mg qd Placebo 182 182 66.1 68.1 2010.2-2012.1 T2weeks v
Miwa (14) 2016 Japan VPZ20mg qd LPZ30mg qd 244 238 582 586 2011.11-2012.11 Sweeks vV vV

VPZ 20mg qd LPZ30mg qd 184 188 49.9 50.2 2011.10-2013.2 6Gweeks vV vV
Takahashi (45) | 2016 Japan VPZ20mg gd LPZ30mg qd 1 12 719 748 2015.8-20163 Aweeks v
Tsuchiya (15) 2017 Japan VPZ20mg qd EPZ 20mg qd 39 41 73 74 2015.4-2016.6 Sweeks vV vV
Mizokami (19) | 2017 | Japan VPZ20mg gd VPZ10mg gd 2 28 649 6 2011.10-2013-7 24weeks v
Kawai (50) 2017 Japan VPZ20mg gd VPZ10mg qd 202 202 69.1 689 2011.10-2013.4 24weeks v
Hirai (18) 2018 Japan VPZ20mg qd LPZ30mg qd 74 75 73.16 69.93 2015.4-2017.5 Sweeks vV vV
Ishii (19) 2018 Japan VPZ20mg qd EPZ20mg qd 27 2 702 70 2015.5-2017.5 Sweeks v vV
Bang (51) 2018 South Korea 1PZ 20 mg qd RPZ20mg qd 78 79 62 64 2015.6-2018.3 Sweeks vV vV
Fan (52) 2019 China 1PZ 10mg qd RPZ 10mg qd 130 129 37.64 3925 2008.11-2010.1 4weeks vV vV

1PZ5mgqd 131 1075
Hamada (53) 2018 Japan VPZ20mg qd LPZ 30mg qd 69 70 70.3 701 ] Bweeks vV v
Ichida (20) 2018 Japan VPZ20mg qd EPZ20mg qd 43 39 724 739 2015.9-2017.11 Bweeks v v
Komori (21) 2019 Japan VPZ20mg qd RPZ 10mg qd 18 15 69 709 2015.4-2016.1 4weeks v v
Ban (22) 2021 Japan VPZ20mg qd LPZ30mg qd 101 95 715 712 2015.9-2018.8 Sweeks v v
Kawai (16) 2021 Japan VPZ20mg qd LPZ30mg qd 85 83 73 73 2015.4-2017.11 Sweeks v v
Hou (17) 2022 | Chima VPZ20mg gd LPZ30mg qd 265 268 420 414 2017.4-2019.7 6weeks v v

VPZ, vonoprazan; OPZ, omeprazole; RPZ, rebeprazole; LPZ, lansoprazole; EPZ, esomeprazole; IPZ, liaprazole; PPZ, pantoprazole. */” means no data provided and “V” indicates which specific outcome measure was assessed.
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