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Vonoprazan, a novel and potent acid suppressant, has recently been incorporated into Helicobacter
pylori eradication regimens. However, the data on combination of vonoprazan with levofloxacin
remains scarce. This study represents one of the first evaluations comparing 7-day and 14-day
once-daily regimens containing vonoprazan, levofloxacin, clarithromycin-MR, and bismuth for H.
pylori eradication in regions characterized by high clarithromycin and metronidazole resistance.
Between March 2022 and December 2023, patients presenting with dyspepsia who underwent upper
gastrointestinal endoscopy at a tertiary care hospital in Thailand were recruited. Those testing positive
for H. pylori infection were randomly assigned to receive either a 7-day or 14-day once-daily regimen
comprising vonoprazan 40 mg, clarithromycin-MR 1 g, levofloxacin 500 mg, and bismuth subsalicylate
1,048 mg. CYP3A4 polymorphism testing and antimicrobial susceptibility assessment (using either
the Epsilometer test or the GenoType® HelicoDR assay) were performed. Eradication was confirmed
by a negative 13C-urea breath test conducted no sooner than four weeks after completing therapy. A
total of 312 dyspeptic patients who underwent EGD were screened, and 102 (32.7%) were diagnosed
with H. pylori infection. The study enrolled and randomized these patients into two treatment groups:
51 received the 7-day once-daily vonoprazan-based bismuth therapy, and 51 received the 14-day
regimen. Baseline characteristics were similar between the two groups, except for a higher prevalence
of hypertension in the 7-day regimen group (49% vs. 27.5%, p=0.025). The eradication rates for the
7-day regimen were 88.2% (45/51) in the intention-to-treat (ITT) analysis and 89.6% (43/48) in the
per-protocol (PP) analysis. Similarly, the 14-day regimen achieved eradication rates of 88.2% (45/51)
in the ITT analysis and 93.8% (45/48) in the PP analysis. The risk difference for eradication in the PP
analysis was 4.17% (95% Cl: -6.86 to 15.19, p=0.71). Adverse events were comparable between the
two regimens, occurring in 35.3% (18/51) of patients in the 7-day regimen and 38.8% (19/51) in the
14-day regimen (p=0.130). The most frequently reported adverse event was black stool (35.3% vs.
38.8%, p=0.130). Other adverse events included nausea and vomiting (15.7% vs. 22.5%, p=0.742),

Scientific Reports|  (2025) 15:44105 | https://doi.org/10.1038/s41598-025-27876-z nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-27876-z&domain=pdf&date_stamp=2025-11-14

www.nature.com/scientificreports/

bitter taste (17.7% vs. 18.4%, p=1.000), and dizziness (7.8% vs. 6.1%, p=0.113). All adverse events
resolved spontaneously without requiring medical intervention, and no serious adverse events were
reported. The 14-day regimen demonstrated excellent eradication rate (>90%) regardless of CYP3A4
polymorphisms. These findings suggest that vonoprazan, levofloxacin, clarithromycin-MR, and
bismuth for 14 days is a promising alternative first-line treatment option, particularly in regions with
high clarithromycin and metronidazole resistance.
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Helicobacter pylori (H. pylori) infection is a key risk factor in gastric carcinogenesis, which is a complex interplay

between microbial, host, and environmental factors'=. A recent systematic review and meta-analysis revealed
a 15.9% decline in the global prevalence of H. pylori infection among adults over the past three decades?. In
Southeast Asia, a similar decreasing trend in prevalence has been observed; however, this is paralleled by a rising
trend in antibiotic resistance*-%. This downward trend has been accompanied by a corresponding decrease in the
incidence of gastric cancer, both globally and in regions where H. pylori prevalence has significantly declined®”.
However, gastric cancer remains one of the most lethal malignancies worldwide, making effective eradication of
H. pylori in era of drug resistance a critical area of research®.

This emphasizes how crucial it is to eradicate H. pylori in order to lower the risk of gastric cancer. The
success of treatment has been severely hampered by the growing incidence of antibiotic resistance in recent
decades, especially to metronidazole and clarithromycin, which has severely reduced the efficacy of eradication
regimens”!®. The current American College of Gastroenterology (ACG) guidelines recommend bismuth
quadruple therapy (BQT) as the first-line treatment for H. pylori infection in treatment-naive patients'!. While
optimized BQT remains the preferred regimen, its complexity poses a significant barrier to compliance. The
requirement to take four medications multiple times a day from separate pill bottles presents a significant barrier
to patient adherence, which directly impacts eradication rates'?.

The ability of H. pylori to survive and proliferate is closely linked to intragastric pH. The bacterium actively
replicates in a near-neutral environment (pH 6-7), whereas exposure to acidic conditions (pH 3-6) induces a
transition into its coccoid form, which is more resistant to antibiotic treatment!. Consequently, maintaining
stable and effective gastric acid suppression is a key determinant of successful H. pylori eradication'*. Vonoprazan,
a potassium-competitive acid blocker (P-CAB), has demonstrated significant efficacy in managing acid-related
disorders, including H. pylori treatment!>!. Its potent and sustained acid suppression has established it as a
promising candidate for H. pylori eradication, particularly in combination with amoxicillin for treatment-
naive patients, leading to its recommendation as a suggested regimen in the latest ACG guideline!!. However,
eradication rates for dual vonoprazan-amoxicillin remain suboptimal in Southeast Asia, which may be attributed
to the high prevalence of CYP3A4 extensive metabolizers and a greater proportion of individuals with CYP3A5
*1/*1 and *1/*3 genotypes'’.

We hypothesized that integrating bismuth subsalicylate with vonoprazan in a once-daily quadruple therapy
regimen could enhance eradication rates. This pioneer study aims to evaluate the efficacy of 7-day and 14-day
once-daily vonoprazan, levofloxacin, clarithromycin-MR, and bismuth for H. pylori eradication in regions with
high clarithromycin and metronidazole resistance.

Materials and methods

Study design and participants

This prospective, single-center, open-label randomized trial aimed to evaluate the efficacy and tolerability of
once-daily vonoprazan-based bismuth therapy as a first-line treatment for H. pylori eradication in patients with
non-ulcer dyspepsia. The study was conducted over a 14-month enrollment period at a tertiary care center
in Thailand between March 3, 2022, and December 31, 2023. Eligible participants were adults aged 18 to 75
years who underwent esophagogastroduodenoscopy (EGD) at the Gastroenterology Unit, Faculty of Medicine,
Thammasat University Hospital. Participants were required to have a diagnosis of non-ulcer dyspepsia
and confirmed H. pylori infection, with symptoms warranting EGD based on the criteria established by the
Gastroenterological Association of Thailand!®. All enrolled patients received the study regimen as first-line
treatment. Written informed consent was obtained from all participants prior to enrollment.

Patients were excluded if they had active upper gastrointestinal bleeding at the time of enrollment, had received
antibiotics or other medications affecting H. pylori within one month before the study, or had contraindications
to gastric biopsy such as coagulopathy or bleeding disorders. Individuals with a history of hypersensitivity to
any study medications or prior H. pylori eradication therapy were also excluded. Furthermore, patients with
severe comorbidities, including end-stage renal disease, end-stage liver cirrhosis, immunodeficiency disorders,
advanced malignancy, severe cerebrovascular disease with functional dependence, QTc prolongation, significant
cardiac arrhythmias, or those on anticoagulants such as warfarin or direct oral anticoagulants (DOACs), were not
eligible to participate. Additional exclusion criteria included a history of gastric surgery, refusal to participate, and
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concurrent use of medications known to have significant drug interactions with study medications. Participants
retained the right to withdraw from the study at any time without compromising their standard medical care.

This study was approved by The Human Research Ethics Committee of Thammasat University with approval
number MTU-EC-IM-6-313/64 and was conducted according to good clinical practice guidelines and the
Declaration of Helsinki. Written informed consent was obtained before enrollment. There were no changes in
the protocol after trial commencement. This study has a data monitoring committee. This trial is registered with
Thaiclinicaltrials.org, TCTR20240809001. Date of first registration: 01/11/2022.

Funding declaration
This study was supported by the Thailand Science Research and Innovation Fundamental Fund 2025, the
Gastroenterological Association of Thailand (GAT), and the Center of Excellence in Digestive Diseases,
Thammasat University.

Treatment regimens

The once daily vonoprazan-based bismuth therapy regimen comprised of once-daily administration of
vonoprazan (40 mg), bismuth subsalicylate (1024 mg), clarithromycin MR (1 g), and levofloxacin (500 mg) for
both the 7-day and 14-day treatment durations. To ensure that all medications could be administered once daily,
clarithromycin was used in its modified-release (MR) formulation. The MR formulation is distinct from the
extended-release version and has previously been evaluated in clinical trials related to H. pylori eradication!’. In
addition, previous clinical trial have demonstrated that vonoprazan 20 mg once daily provides a more potent and
sustained acid-inhibitory effect compared with 2-4 times the standard daily dose of rabeprazole. In this study,
however, we employed vonoprazan 40 mg once daily to further substantiate acid suppression'®.

All medications were taken after meals. The efficacy of H. pylori eradication was assessed four weeks post-
treatment using the *>C-urea breath test (UBT). To ensure adherence, patients were systematically questioned
about their medication intake during scheduled follow-up visits, with nonadherence defined as consumption of
less than 90% of the prescribed doses. Treatment-related adverse events were characterized as any occurrence
resulting in death, hospitalization, disability, congenital anomaly, or requiring medical intervention during the
treatment period. Serious adverse events were further categorized as any adverse effect significantly impairing
the patient’s daily activities or necessitating hospitalization. Additionally, all adverse events were documented
and monitored during follow-up visits at the outpatient clinic, with structured physician-led assessments. The
study’s design and CONSORT diagram are illustrated in Fig. 1.

Outcomes

This study aimed to evaluate and compare the efficacy and tolerability of 7-day versus 14-day once-daily
vonoprazan-based bismuth therapy as a first-line treatment for H. pylori eradication in patients with non-ulcer
dyspepsia. The primary outcome was the eradication rate of H. pylori between the two treatment regimens,
assessed using the *C-urea breath test at four weeks post-treatment. Eradication rates were analyzed using
both intention-to-treat (ITT) and per-protocol (PP) approaches to provide a comprehensive evaluation of
treatment efficacy. Secondary outcomes included an assessment of treatment-related adverse events, as well as
the role of CYP3A4 genetic polymorphisms in influencing H. pylori eradication outcomes. Additionally, the
study examined the effectiveness of vonoprazan-based bismuth therapy in patients infected with clarithromycin-
resistant, metronidazole-resistant, and dual-resistant H. pylori strains. All secondary outcomes were analyzed
using ITT analysis among participants with available data.

Diagnosis of H. pylori infection and CYP3A4 genetic polymorphisms
Esophagogastroduodenoscopy (EGD) was performed using an Olympus gastroscope (GIF-HQ190) with dual
focus and the EVIS EXERA III system. Gastric biopsy samples were obtained from both the antrum and corpus
in accordance with the Sydney protocol. These samples were utilized for rapid urease testing (RUT, Prontodyne’),
histopathological examination, H. pylori culture, and antibiotic susceptibility testing using either the Epsilometer
test (E-test) or the GenoType HelicoDR assay. H. pylori infection was defined by a positive bacterial culture or by
concordant positive results from both RUT and histology. Additionally, 3 mL of venous blood was collected from
each participant for DNA extraction to analyze CYP3A4 genetic polymorphisms. Genotyping was performed
using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique with
reagents from New England Biolabs (NEB), USA. CYP3A4 genotypes *1/*1 and *1/*1B were categorized as rapid
metabolizers, whereas *1B/*1B was classified as an ultrarapid metabolizer.

Randomization and masking

Participants were randomized into one of two treatment groups using a web-based randomization system.
The allocation process employed computer-generated random sequences as illustrated in Fig. 1. However,
concealment of the randomization sequence was not performed. Informed consent was also obtained for
individual patients.

Statistical analysis

A prior study reported an expected H. pylori eradication rate of 76% for a 7-day bismuth-containing quadruple
therapy regimen and 96% for a 14-day regimen®. Based on these data, a sample size of 100 patients (50 per
group) was calculated, assuming an 80% power, a two-sided alpha of 0.05, and a 10% anticipated loss to follow-
up. For statistical analysis, demographic characteristics, eradication rates, and adverse event frequencies were
assessed using Student’s t-test or the chi-square test, depending on data distribution. H. pylori eradication rates
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A [ Allocation ] Y
Allocated to intervention (n=51) Allocated to intervention (n=51)
+ Received allocated intervention (n=51) + Received allocated intervention (n=51)
\ [ Follow-Up } v
Lost to follow-up (n=2) Lost to follow-up (n=2)
Discontinued intervention (side effects) (n=1) Discontinued intervention (side effects) (n=1)
v [ Analysis ] v
Analysed (n=48) Analysed (n=48)

Fig. 1. CONSORT flow diagram of this study.

were evaluated through both intention-to-treat (ITT) and per-protocol (PP) analyses. Statistical significance was
set at p < 0.05, and all statistical analyses were performed using SPSS version 28.0 (IBM, Armonk, NY, USA).

Results

Baseline characteristics

Between January 1, 2022, and March 31, 2023, a total of 312 dyspeptic patients who underwent
esophagogastroduodenoscopy (EGD) were screened for eligibility. Among them, 102 patients (32.7%) were
diagnosed with H. pylori infection, comprising 41 men and 61 women, with a mean age of 57.2+11.6 years. All
H. pylori-positive patients were subsequently enrolled in the study and randomized into two treatment groups:
51 patients received a 7-day once-daily vonoprazan-based bismuth therapy, while another 51 patients underwent
the 14-day once-daily vonoprazan-based bismuth therapy. Baseline demographic characteristics, including sex
distribution, history of smoking, and alcohol consumption, did not show any statistically significant differences
between the two groups except for hypertension that participant in 7-day regimen had higher proportion of
participants with hypertension (49% vs. 27.5%, p-value=0.025). Six patients were excluded from the final
analysis: four patients (two from each treatment arm) were lost to follow-up, while two patients (one from each
arm) discontinued treatment due to minor adverse effects, such as nausea and bitter taste. A summary of the
baseline demographic data is demonstrated in Table 1.

Outcomes

The eradication rates for the 7-day vonoprazan-based bismuth therapy regimen were 88.2% (45/51) in the
intention-to-treat (ITT) analysis and 89.6% (43/48) in the per-protocol (PP) analysis. Similarly, the 14-day
regimen achieved eradication rates of 88.2% (45/51) in the ITT analysis and 93.8% (45/48) in the PP analysis. The
risk difference for eradication in the PP analysis was 4.17% (95% CI: —6.86 to 15.19, p=0.71), as demonstrated
in Fig. 2.
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Characteristics 7-day regimen (N=51) | 14-day regimen (N=51) | P-value
Mean age 58.22+11.48 56.12+11.63 0.362
Male (N, %) 14 (34.2%) 27 (65.9%) 0.090
Comorbidities

Hypertension 25 (49%) 14 (27.5%) 0.025
Diabetes mellitus 12 (23.5%) 14 (27.5%) 0.650
Dyslipidemia 24 (47.1%) 19 (42.2%) 0.316
History of Smoking 5(9.8%) 2 (4%) 0.319
History of Alcohol drinking 9 (17.7%) 5(10%) 0.336
Indication for endoscopy

Dyspepsia with alarm features | 27 (52.9%) 35 (68.6%) 0.156
Iron deficiency anemia 11 (21.6%) 6 (11.8%) 0.359
Fecal occult blood positive 9 (17.7%) 9 (17.6%) 0.288
GERD symptoms 4(7.8%) 1 (2%) 1.000
Endoscopic findings

Antral gastritis 23 21 0.842
Gastric erosions 6 8 0.775
Atrophic gastritis 16 (31.4%) 14 (27.5%) 0.828
Hemorrhagic gastritis 5 (9.8%) 8 (15.7%) 0.553
Portal hypertensive gastropathy | 1 (2%) 0 (0%) 1.000

Table 1. Patient baseline characteristics.

Eradication rates
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Fig. 2. Eradication rates according to the treatment regimen.
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7-day regimen (n=>51) | 14-day regimen (n=51) | p-value
Black stool, n (%) 18 (35.3%) 19 (38.8%) 0.130
Bitter taste, n (%) 9 (17.7%) 9 (18.4%) 1.000
Nausea and vomiting, n (%) | 8 (15.7%) 11 (22.5%) 0.742
Dizziness, n (%) 4 (7.8%) 3(6.1%) 0.113

Table 2. Adverse events according to the treatment regimen.

Antibiotic susceptibility testing was performed on eight patients, with resistance detected for clarithromycin
in 25% (2/8), metronidazole in 50% (4/8), and levofloxacin in 75% (6/8) of cases. No resistance was observed for
amoxicillin or tetracycline. Among patients receiving the 7-day vonoprazan-based bismuth therapy regimen, one
exhibited clarithromycin resistance, three were resistant to metronidazole, and one had levofloxacin resistance.
Despite this, all patients in the 7-day regimen achieved successful eradication. In contrast, treatment failure
was observed in three patients receiving the 14-day regimen. Among these, one patient exhibited resistance to
clarithromycin, metronidazole, and levofloxacin, another had metronidazole resistance but demonstrated poor
adherence, and the third had levofloxacin resistance. In both treatment arms, one patient was identified with
multidrug resistance to clarithromycin, metronidazole, and levofloxacin.

The overall eradication rates were 100% (3/3) for the 7-day regimen and 40% (2/5) for the 14-day regimen.
Regarding the CYP3A4 genetic polymorphisms, the CYP3A4 genotype accounted for 100% of the rapid
metabolizers.

The incidence of adverse events was comparable between the two treatment regimens, occurring in 35.3%
(18/51) of patients in the 7-day regimen and 38.8% (19/51) in the 14-day regimen (p=0.130). The most
frequently reported adverse event in both groups was black stool, observed in 35.3% vs. 38.8% of patients in the
7-day vs. 14-day regimens, respectively (p=0.130). Other commonly reported adverse events included nausea
and vomiting (15.7% vs. 22.5%, p=0.742), bitter taste (17.7% vs. 18.4%, p = 1.000), and dizziness (7.8% vs. 6.1%,
p=0.113).

All adverse events resolved spontaneously without the need for medical intervention. No serious adverse
events were reported throughout the study period. Details of adverse events are summarized in Table 2.

Discussion

Successful eradication of H. pylori is influenced by multiple factors, including antibiotic resistance, gastric acid
suppression, and patient adherence to treatment. Globally, antibiotic resistance has been rising, particularly
against metronidazole and clarithromycin, both of which are key components in first-line H. pylori treatment
according to various international guidelines. This growing resistance has significantly reduced the efficacy of
conventional triple therapy in several regions, including Thailand, highlighting the urgent need for an alternative
eradication regimen®!%!121, Vonoprazan, a potassium-competitive acid blocker (P-CAB), a novel class of acid-
suppressing agents with superior potency in increasing intragastric pH compared to proton pump inhibitors
(PPIs)". Despite its promising pharmacological profile, our previous study demonstrated that both 14-day
vonoprazan-based dual therapy and 14-day vonoprazan-based triple therapy failed to achieve satisfactory
eradication rates!”. However, another study showed that a 14-day vonoprazan-based bismuth quadruple
therapy regimen yielded excellent eradication rates. Nonetheless, the regimen’s complexity—requiring twice-
daily vonoprazan and four-times-daily tetracycline posed adherence challenges?. To address this, we developed
a simplified once-daily vonoprazan-based bismuth therapy regimen aimed at improving compliance while
maintaining high eradication efficacy.

Our study demonstrated that 14-day once-daily vonoprazan-based bismuth therapy regimens achieved
excellent eradication rates. These findings are comparable to our previous study, which utilized a 14-day
vonoprazan-based quadruple regimen, and align with results from a similar study conducted in China®*?%,
However, the regimen used in the Chinese study consisted of vonoprazan 20 mg once daily, combined with
amoxicillin 1000 mg, furazolidone 100 mg, and colloidal bismuth 200 mg, each administered twice daily*.
While this regimen achieved high eradication rates, its complexity and the limited availability of furazolidone
restrict its widespread clinical application. A previous meta-analysis demonstrated that in patients with
clarithromycin-resistant H. pylori infections, vonoprazan-based therapies achieved an eradication rate of 81%
(76%-85%), significantly outperforming PPI-based regimens (76% vs. 40%; RD = 0.33, 95% CI = 0.24-0.43)*%,
Consistent with these findings, our study reported treatment failure in only three patients receiving the 14-day
vonoprazan-based bismuth therapy regimen. Among them, one patient exhibited resistance to clarithromycin,
metronidazole, and levofloxacin, another had metronidazole resistance coupled with poor adherence, and the
third had levofloxacin resistance. In contrast, all patients in the 7-day regimen group successfully achieved H.
pylori eradication. These results suggest that a once-daily vonoprazan-based regimen may offer a promising
strategy to overcome the challenge of rising clarithromycin resistance.

Current standard guidelines recommend PCAB-clarithromycin triple therapy over PPI-clarithromycin triple
therapy for treatment-naive H. pylori-infected patients with unknown clarithromycin susceptibility*!. Given the
increasing prevalence of clarithromycin resistance, our study supports the potential role of vonoprazan-based
regimens as an effective alternative in high-resistance regions.

Furthermore, genetic testing for CYP3A4 polymorphisms in our study demonstrated that 100% of participants
were classified as rapid metabolizers. Despite this, the once-daily vonoprazan-based regimen remained highly
effective, further supporting its clinical utility regardless of CYP3A4 metabolism status.
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Our study had few limitations. As a single-center, open-label clinical trial, the potential for bias was
unavoidable. To strengthen the validity of these findings, further multicenter, double-blind trials are warranted.
Furthermore, limited availability of clinical data on the use of potassium-competitive acid blockers (P-CABs)
in Europe. While vonoprazan and other P-CABs have been extensively investigated and widely used across
several Asian countries'”?*~?4, data from Western populations remain scarce. However, emerging studies from
the United States are beginning to expand the evidence base'®, reflecting growing clinical interest and experience
with this newer class of acid suppressants.

Additionally, incorporating a comparator group receiving standard bismuth-based quadruple therapy would
provide valuable comparative data for future research. Another limitation was the limited number of patients
with positive antibiotic susceptibility testing. The H. pylori isolation rate varies significantly ranging from 2.1% to
76.4% due to multiple factors and methodological differences across laboratories, which may have influenced the
generalizability of our findings?>?°. Consequently, the number of cases in antibiotic resistance and CYP3A4/5
genotype information was limited, reducing the statistical power of subgroup analyses. Nonetheless, we consider
these data meaningful, as they provide preliminary insights and may serve as a foundation for future studies with
larger sample sizes. Despite these limitations, our study had several notable strengths. It was the first randomized
controlled trial to evaluate a simplified once-daily vonoprazan-based bismuth quadruple therapy as a first-
line treatment for H. pylori eradication. Furthermore, since this study was conducted in a country with high
clarithromycin and metronidazole resistance rates, the findings are especially relevant to regions facing similar
antibiotic resistance challenges. Notably, our study explored the potential influence of CYP3A4 polymorphisms
on eradication rate, providing valuable insights into the roles of genetics polymorphism and treatment response.
Future studies should be designed to compare 10-day and 14-day regimens in a non-inferiority manner to better
reflect current international recommendations.

In conclusion, this study demonstrated that 14-day once-daily vonoprazan-based levofloxacin bismuth therapy
achieved high eradication rates for H. pylori, without major adverse event. Furthermore, the 14-day regimen had
achieved excellent eradication rate (> 90%) regardless of CYP3A4 polymorphisms and clarithromycin resistance.
Given the rising prevalence of antibiotic-resistant H. pylori strains, these findings highlight the potential of
vonoprazan-based bismuth therapy as a promising alternative first-line eradication strategy.

Data availability
The deidentified datasets collected and analyzed during this study are available from the corresponding authors
upon reasonable request.
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