Name of Journal: World Journal of Gastroenterology
Manuscript NO: 84138
Manuscript Type: ORIGINAL ARTICLE

Clinical Trials Study
Safety and effectiveness of vonoprazan-based rescue therapy for Helicobacter pylori infection

Yu J et al. VPZ-based rescue regimen for H. pylori

Jing Yu, Yi-Ming Lv, Peng Yang, Yi-Zhou Jiang, Xiang-Rong Qin, Xiao-Yong Wang

Jing Yu, Yi-Ming Lv, Peng Yang, Yi-Zhou Jiang, Xiang-Rong Qin, Xiao-Yong Wang, Department of Gastroenterology, The Affiliated Changzhou No. 2 People’s Hospital of Nanjing Medical University, Changzhou 213000, Jiangsu Province, China

Author contributions: Wang XY contributed to conception and design of the study, critical revision, analysis and interpretation of data, drafting the article, revising the article; Yu J and Lv YM contributed to acquisition of data, analysis and interpretation of data, and drafting the article; Yang P, Jiang YZ, and Qin XR contributed to acquisition of data, analysis and interpretation of data; and all authors approved the final version of the manuscript.

Supported by the Changzhou Special Fund for Introducing Foreign Talents, No. CQ20204037; and the Changzhou High-Level Medical Talents Training Project, No. 2022CZBJ051.

Corresponding author: Xiao-Yong Wang, MD, Assistant Professor, Chief Physician, Postdoc, Department of Gastroenterology, The Affiliated Changzhou No. 2 People’s Hospital of Nanjing Medical University, No. 29 Xinglong Lane, Tianning District, Changzhou 213000, Jiangsu Province, China. wxy20009@126.com

Received: February 27, 2023
Revised: March 25, 2023
Accepted: April 23, 2023
Published online: May 28, 2023


Abstract
BACKGROUND
Vonoprazan (VPZ)-based regimens are an effective first-line therapy for Helicobacter pylori (H. pylori) infection. However, their value as a rescue therapy needs to be explored.

AIM
To assess a VPZ-based regimen as H. pylori rescue therapy.

METHODS
This prospective, single-center, clinical trial was conducted between January and August 2022. Patients with a history of H. pylori treatment failure were administered 20 mg VPZ twice daily, 750 mg amoxicillin 3 times daily, and 250 mg Saccharomyces boulardii (S. boulardii) twice daily for 14 d (14-d VAS regimen). VPZ and S. boulardii were taken before meals, while amoxicillin was taken after meals. Within 3 d after the end of eradication therapy, all patients were asked to fill in a questionnaire to assess any adverse events they may have experienced. At least 4-6 wk after the end of eradication therapy, eradication success was assessed using a 13C-urea breath test, and factors associated with eradication success were explored.

RESULTS
Herein, 103 patients were assessed, and 68 patients were finally included. All included patients had 1-3 previous eradication failures. The overall eradication rates calculated using intention-to-treat and per-protocol analyses were 92.6% (63/68) and 92.3% (60/65), respectively. The eradication rate did not differ with the number of treatment failures (P = 0.433). The rates of clarithromycin, metronidazole, and levofloxacin resistance were 91.3% (21/23), 100.0% (23/23), and 60.9% (14/23), respectively. There were no cases of resistance to tetracycline, amoxicillin, or furazolidone. In 60.9% (14/23) patients, the H. pylori isolate was resistant to all 3 antibiotics (clarithromycin, metronidazole, and levofloxacin); however, eradication was achieved in 92.9% (13/14) patients. All patients showed metronidazole resistance, and had an eradication rate of 91.3% (21/23). The eradication rate was higher among patients without anxiety (96.8%) than among patients with anxiety (60.0%, P = 0.025). No severe adverse events occurred; most adverse events were mild and disappeared without intervention. Good compliance was seen in 95.6% (65/68) patients. Serological examination showed no significant changes in liver and kidney function.

CONCLUSION
VAS is a safe and effective rescue therapy, with an acceptable eradication rate (> 90%), regardless of the number of prior treatment failures. Anxiety may be associated with eradication failure.
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Core Tip: Vonoprazan (VPZ)-containing triple therapies have been shown to contribute to global antimicrobial resistance, while Saccharomyces boulardii (S. boulardii) supplementation has significantly improved Helicobacter pylori eradication rates and decreased adverse events. This study revealed that the VPZ and amoxicillin dual regimen with S. boulardii supplementation is safe and effective H. pylori rescue therapy, regardless of the number of prior treatment failures. Acceptable eradication rates (> 90%) were achieved in patients with resistance to clarithromycin, metronidazole, and levofloxacin. However, the regimen may need to be adjusted for patients with anxiety.

INTRODUCTION
Helicobacter pylori (H. pylori), which infects over 50% of the global population, is a leading cause of chronic gastritis, peptic ulcer disease, and gastric cancer. The eradication of H. pylori can effectively prevent peptic ulcer recurrence and lower gastric cancer incidence[1,2]. In regions with high antibiotic resistance, such as China, 14-d bismuth-containing quadruple therapy (BQT) is the recommended first-line treatment for H. pylori infection[3-5]. However, as the rates of resistance to clarithromycin, metronidazole, and levofloxacin have markedly increased worldwide, BQT fails to eradicate H. pylori infection in approximately 15%-20% patients[6,7]. Multiple failed attempts at eradication therapy tend to increase the prevalence of multidrug-resistant strains, making rescue treatment more difficult[8,9]. Unlike the above antibiotics, the rates of primary and secondary resistance of H. pylori to amoxicillin have remained low and stable[10]. Amoxicillin shows a pH- and time-dependent bactericidal effect. Recently, high-dose, high-frequency dual therapy with amoxicillin and a proton pump inhibitor (PPI) was reported to show promising outcomes when used as a first-line or rescue treatment for the eradication of H. pylori[11,12]. The Maastricht VI/Florence Consensus Report recommends high-dose dual therapy with a PPI plus amoxicillin as a rescue therapy for H. pylori infection[5].
Vonoprazan (VPZ), the first clinically available potassium-competing acid blocker (P-CAB), produces a more rapid and sustained acid inhibition effect than PPIs[13]. Therefore, VPZ-amoxicillin dual therapy (VA-dual) is expected to be more effective than PPI-amoxicillin dual therapy. In recent years, first-line treatment with VA-dual, consisting of amoxicillin (3 g/d or less) and VPZ (40 mg/d), has been reported to achieve eradication rates of 78.5%-93.5%[14-17]. However, limited reports are available on the success rate of VA-dual as a rescue treatment for H. pylori infection; only one retrospective study conducted in China has reported a successful eradication rate of 92.5% after VA-dual[18]. However, the regimens were not consistent, and the frequencies of the amoxicillin and VPZ doses varied. Therefore, further optimization of VA-dual as a rescue treatment is warranted.
Some recent consensus guidelines for the management of H. pylori infection have proposed that certain probiotics can effectively decrease the gastrointestinal side effects of H. pylori eradication therapies[3-5]. A recent meta-analysis demonstrated that Saccharomyces boulardii (S. boulardii) supplementation during standard eradication therapy (triple regimen, sequential regimen, or quadruple regimen) significantly improved eradication rates and decreased the overall incidence of adverse events[19]. However, few studies have evaluated the effects of S. boulardii as a supplement to the VA-dual regimen in terms of the eradication rate of H. pylori and treatment-related adverse events.
Therefore, the aim of this prospective study was to determine the safety and efficacy of VA-dual plus S. boulardii supplementation as a rescue treatment for patients with H. pylori infection. We additionally explored potential factors influencing eradication rates, and put forward our recommendations to improve H. pylori eradication rates in clinical practice.

MATERIALS AND METHODS
Statement of ethics and trial registration
Ethical approval for this pilot study was obtained from Affiliated Changzhou No. 2 People’s Hospital of Nanjing Medical University [No. (2021) YLJSD004]. The study adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients prior to their enrollment in this study. The study has been registered in the Chinese Clinical Trial Registry (No. ChiCTR2200055125).

Study participants
Patients who attended our center between January and August 2022 were screened for their eligibility to participate in this study. The detailed inclusion criteria were as follows: (1) Patients aged over 18 years; (2) patients with a history of at least one failed H. pylori eradication treatment; and (3) a minimum 6-mo interval after the end of the last treatment. The following exclusion criteria were applied: (1) A history of gastric surgery; (2) severe concomitant diseases such as hepatic or renal dysfunction; (3) allergy or contraindication to the drugs used in the study regimen; (4) pregnancy or lactation; (5) treatment with a PPI, bismuth, or an antibiotic within 4 wk before the study treatment; (6) alcohol abuse or drug addiction; and (7) lack of informed consent.

Study design and outcomes
Before enrollment, the patients’ demographic data, clinical characteristics, and any concomitant diseases were recorded through medical records and physician interviews. The diagnosis of H. pylori infection was based on a positive result of at least one of the following tests: 13C-urea breath test (13C-UBT), rapid urease test, and histological examination. Some patients also underwent gastroscopy, and H. pylori culture and antimicrobial susceptibility testing before treatment. Serum chemistry tests were performed before and after treatment.
All patients were administered VPZ (20 mg twice daily; Takeda Pharmaceutical, Tokyo, Japan), amoxicillin (750 mg 3 times daily; Federal Pharmaceutical, Hong Kong, China), and S. boulardii (250 mg twice daily; Laboratoires BIOCODEX, France) for 14 d (14-d VAS regimen). VPZ and S. boulardii were taken before meals, while amoxicillin was taken after meals. Patients who felt unwell during treatment or forgot to take their medication were advised to contact the investigators immediately.
All patients were asked to keep the remaining drugs after treatment and fill out the relevant questions in the questionnaire within 3 d after the end of eradication therapy. Adverse events and patient compliance were assessed using the questionnaires and the patients’ medication diaries. The intensity of the adverse events was graded as follows: None; mild, causing discomfort but not interfering with daily life; moderate, causing discomfort and interfering with daily life; and severe, causing discomfort requiring cessation of treatment. Patient compliance was rated as good if the patient had taken > 80% of all medications prescribed, and as poor, if not[20]. All patients underwent repeat 13C-UBT for the assessment of H. pylori infection 4-6 wk after the end of eradication therapy. The H. pylori status was interpreted as positive when the δ value was greater than the baseline value of 4, and as negative when the δ value was less than the baseline value of 4. If the δ value exceeded the baseline value, which was between 4 and 6, the test was repeated 1 mo later.
The primary endpoint of this study was the H. pylori eradication rate, as confirmed by a negative 13C-UBT. All patients were included in the intention-to-treat (ITT) analysis. Patients who did not undergo a 13C-UBT during follow-up were considered to have treatment failure in the ITT analysis. Patients who failed to attend follow-up assessments and those with poor compliance were excluded from the per protocol (PP) analysis. The secondary endpoints were the rate of adverse events, patient compliance, resistance to antibiotics, and factors related to the eradication rate.

H. pylori culture and antimicrobial susceptibility testing
From patients who underwent gastroscopy, we collected 2 biopsy specimens for H. pylori culture, one from the gastric antrum and another from the gastric corpus. Both specimens were stored at -80 °C in brain-heart infusion broth (Oxoid, Basingstoke, United Kingdom) and immediately transported to Zhiyuan Medical Laboratory Institute (Hangzhou, Zhejiang Province, China) for testing. Fully ground specimens were cultured and maintained for 3-7 d in brain-heart infusion agar medium (Oxoid, Basingstoke, United Kingdom) supplemented with 5% defibrinated sheep blood at 37 °C in a low-oxygen environment (85% N2, 10% CO2, and 5% O2). H. pylori isolates were identified on the basis of colony morphology and urease, catalase, and oxidase positivity.
The standard agar plate dilution method was used to assess H. pylori susceptibility to commonly used antibiotics. Minimum inhibitory concentrations (MICs) were calculated after 72 h of culture at 37 °C in a low-oxygen environment. We used H. pylori ATCC43504 (NCTC11637) for quality control. Antibiotic resistance was defined at the following MIC values: ≥ 1 µg/mL for clarithromycin, ≥ 8 µg/mL for metronidazole, and ≥ 2 µg/mL each for amoxicillin, furazolidone, levofloxacin, and tetracycline. The MIC values for antibiotic resistance were obtained from the fourth edition of the National Guide to Clinical Laboratory Procedures[21].

Sample-size calculation and statistical analysis
We assumed a 93% eradication rate with VPZ-based rescue therapy[22]. The 95% confidence interval was 86.6%-99.4%, and the sample size was 64 patients. Assuming a 5% follow-up loss, at least 68 patients would be required. Continuous variables were expressed as mean ± SD, and compared between groups by using the t test or Mann-Whitney U test. Categorical variables were expressed as numbers with percentages, and compared between groups by using the Fisher exact test or Pearson chi-square test. Statistical significance was inferred at P values < 0.05. All statistical analyses were conducted using Statistical Package for the Social Sciences v23.0 (IBM, Armonk, NY, United States) and Power Analysis and Sample Size software v15.0.5 (NCSS LLC, Kaysville, UT, United States).

RESULTS
Patient characteristics
We screened a total of 103 patients for eligibility, and excluded 35 patients who did not meet the inclusion criteria. Thus, finally, 68 patients were enrolled in this study, of whom 62 patients underwent endoscopy, 41 patients underwent serological testing before and after treatment, and 24 patients underwent antimicrobial susceptibility testing. Three patients were excluded from the PP analysis due to poor compliance despite a negative 13C-UBT during follow-up (Figure 1).
Of the 68 patients, 20 were men and 48 were women (Table 1). Prior to the present treatment, 47 patients had undergone treatment once, 15 patients had undergone treatment twice, and 6 patients had undergone treatment 3 times. Most patients were asymptomatic (n = 37, 54.4%). The most common concomitant diseases were hypertension (n = 14, 20.6%) and diabetes (n = 9, 13.2%); 4 patients (5.9%) had anxiety disorder. The most common previous treatment regimen was BQT, and the most commonly used antibiotics were amoxicillin, levofloxacin, clarithromycin, and metronidazole, with a few patients using furazolidone.

H. pylori culture and antimicrobial susceptibility testing
Of the 68 patients, 24 (35.3%) underwent H. pylori culture and antimicrobial susceptibility testing. H. pylori was successfully isolated in 95.8% (23/24) of patients. The rates of resistance to metronidazole, clarithromycin, and levofloxacin were 100% (23/23), 91.3% (21/23), and 60.0% (14/23), respectively. There were no cases of resistance to tetracycline, amoxicillin, or furazolidone. The triple drug-resistance rate (to metronidazole, levofloxacin, and clarithromycin) was 56.3% (9/16) among patients with one prior treatment failure, which increased to 71.4% (5/7) among patients with 2 or more prior treatment failures.

Eradication rate and factors influencing efficacy
The overall eradication rates of 14-d VAS calculated using the ITT and PP analyses were 92.6% (63/68) and 92.3% (60/65), respectively. In 2 of the 5 patients in whom eradication failed, further treatment with VPZ 20 mg twice daily, amoxicillin 1000 mg 3 times daily, and S. boulardii 250 mg twice daily for 14 d successfully eradicated the infection. The remaining 3 patients had not yet received additional rescue therapy at the time of writing as less than 6 mo had passed since the end of the previous treatment.
We stratified the H. pylori eradication rate by the number of prior treatment failures (Figure 2). The ITT analysis showed that the eradication rates were 93.6%, 93.3%, and 83.3% (P = 0.433) among patients with 1, 2, and 3 prior treatment failures, respectively. The corresponding eradication rates according to the PP analysis were 93.2%, 93.3%, and 83.3% (P = 0.585). We found that the eradication rate did not significantly differ with the number of previous treatment failures. In addition, eradication rates did not differ between patients who had previously received amoxicillin and those who had not (85.0% vs 95.8%, P = 0.433).
Among the 23 patients who successfully underwent H. pylori culture and antimicrobial susceptibility testing, the ITT analysis showed that similar eradication rates were achieved in the clarithromycin-resistant (90.4%) and clarithromycin-sensitive groups (100%; P = 1.00). PP analysis also showed that the eradication rate did not differ between the clarithromycin-resistant and clarithromycin-sensitive groups (90.0% vs 100%, respectively, P = 1.00). Similarly, we found no significant difference in the H. pylori eradication rate between the levofloxacin-resistant and levofloxacin-sensitive groups (ITT: 92.8% vs 88.8%, respectively, P = 1.00; PP: 92.3% vs 88.8%, respectively, P = 1.00; Figure 3). All patients showed metronidazole resistance, and had an eradication rate of 91.3% (21/23). Notably, eradication was achieved in 92.9% (13/14) patients who showed triple drug resistance (clarithromycin, metronidazole, and levofloxacin).
Anxiety disorder was found to be a risk factor for eradication failure (40.0% vs 3.2%, P = 0.025; Table 2). No significant differences in age, sex, height, weight, body mass index, concomitant diseases, gastroscopy findings, and number of prior treatment failures were found between patients with successful and failed rescue therapy.

Adverse events and compliance
A total of 10 patients (14.7%) developed adverse events, including diarrhea (4 patients), skin rash (3 patients), and dry mouth, bloating, and abdominal pain (1 patient each). Most adverse events were mild and disappeared without intervention, except in 2 patients who developed rashes on day 9 and 11, refused continued rescue treatment, and finally recovered after anti-allergy therapy. Another patient discontinued treatment on day 7 because of diarrhea, which improved without intervention. The remaining patients took > 80% of all medications prescribed (compliance rate, 95.6%, 65/68; Table 3). Serum chemistry tests revealed no significant differences in liver and kidney function before and after treatment (Table 4). Among the 10 patients who developed adverse events, only 1 patient (with a rash) had eradication failure.

DISCUSSION
To our knowledge, this study is the first to determine the safety and efficacy of 14-d VA-dual plus S. boulardii supplementation as a rescue therapy for H. pylori infection. This VAS regimen achieved an acceptable eradication rate (92.6% by ITT and 92.3% by PP), regardless of the number of prior treatment failures. Most patients could tolerate this regimen, and compliance was good in this Chinese patient population. Except for anxiety disorder, no other factors were observed to be associated with treatment failure. Notably, eradication was successful in 92.9% (13/14) of patients with multiple antibiotic resistance. Therefore, the 14-d VAS regimen is a safe and effective rescue therapy for H. pylori infection.
Currently, H. pylori culture-guided therapy is recommended by most consensus guidelines as a rescue therapy for H. pylori infection. However, culture-guided therapy is not widely used in routine clinical practice[3-5]. Until recently, susceptibility tests still required the microbiological examination of samples obtained through endoscopy, which is invasive and expensive. In addition, many hospitals lack the facilities required to perform H. pylori culture and antimicrobial susceptibility testing, which limits the clinical use of culture-guided therapy in many countries[3,5,20]. Furthermore, H. pylori culture is technically challenging. Several studies have reported culture success rates of < 80% among patients with failure of at least one prior H. pylori eradication treatment[23]. It should be emphasized that in our study, culture was performed in only 35.3% of the patients. This reflects the current state of routine clinical practice in China. Culture-guided therapy has not yet become a routine clinical practice, and rescue therapy is mainly prescribed on an empirical basis in China.
Compared with PPIs, VPZ, the first clinically applied P-CAB, has a faster and stronger acid-inhibition effect[13]. This provides an opportunity to potentially improve H. pylori eradication therapy by simplifying complex regimens and possibly helping to develop effective therapies[5]. In one study, a PP analysis showed that a 7-d VPZ-based regimen (VPZ 20 mg twice daily, sitafloxacin 100 mg twice daily, and amoxicillin 750 mg twice daily) as a third-line therapy resulted in a significantly higher eradication rate than a PPI-based regimen (83.3% vs 57.1%, P = 0.043)[24]. In a small study, a 10-d triple therapy regimen consisting of VPZ 20 mg twice daily, rifabutin 150 mg twice daily, and amoxicillin 750 mg twice daily yielded a 100% eradication rate in 19 patients with ≥ 3 prior treatment attempts[25]. Similarly, in 57 patients administered a 7-d rifabutin-containing triple therapy regimen (VPZ 20 mg twice daily, amoxicillin 500 mg 4 times daily, and 150 mg rifabutin 150 mg once daily) as a third- or later-line H. pylori eradication regimen, the eradication rate was 91.2%[26]. It should be emphasized that all the above studies were conducted in Japan, and they all used triple regimens containing VPZ and amoxicillin. Although the use of 2 antibiotics may lead to higher eradication rates, this practice promotes the use of an unnecessary second antibiotic[27]. Hence, optimization of VPZ-based rescue therapy needs to be further explored. However, the relevant research in China is limited. Only one retrospective study has reported that the 14-d VA-dual regimen (VPZ 20 mg/d or 40 mg/d and amoxicillin 3000 mg/d) was safe and effective as a rescue therapy (92.5%, 172/186); however, the frequencies and doses of VA-dual therapy varied among the patients[18].
The 14-d VAS regimen used in this study offers certain advantages over previous rescue therapies. First, it minimizes the use of antibiotics, which is especially important in the light of the global increase in H. pylori antibiotic resistance. Indeed, VPZ-containing triple therapies have been shown to contribute to global antimicrobial resistance[27]. The 14-d VAS regimen eliminated the need for a second antibiotic while providing remarkable H. pylori eradication efficacy. Second, the optimal amoxicillin dose for dual therapy remains uncertain. Available evidence suggests that a dose of 2 g/d is insufficient, and 3 g or 2.25-3.00 g in split doses (every 6 h or 8 h) may be optimal[27]. Therefore, amoxicillin was administered at a dose of 750 mg 3 times daily in the 14-d VAS regimen. Third, for the first time, we supplemented S. boulardii to VA-dual as a rescue therapy for H. pylori eradication. Several potential mechanisms by which S. boulardii acts as an adjunct to H. pylori eradication therapy have been elucidated: (1) It inhibits the growth and proliferation of H. pylori by upregulating short-chain fatty acids and other antimicrobial substances[28]; (2) it expresses a neuraminidase that reduces the expression of α(2-3)-linked sialic acid on the epithelial cell surface, which prevents the adhesion of H. pylori to the duodenal epithelium[29]; and (3) it reduces the incidence of adverse events and indirectly improves patient compliance, thereby increasing the eradication rate of H. pylori[19].
Poor patient compliance is a main cause of treatment failure, and adverse events are a key factor affecting patient compliance[30]. Our 14-d VAS regimen was well tolerated, and all adverse events were mild or moderate, with diarrhea (5.9%) and rash (4.4%) being the most common. Patient compliance was also good, which may be attributable to the low rate of adverse events and the simplicity of the regimen.
We analyzed the factors potentially influencing the eradication rate of the 14-d VAS regimen. Only anxiety disorder was significantly associated with eradication failure; other factors such as gender, age, smoking, and alcohol consumption were not associated with treatment failure. There is evidence that state anxiety and trait anxiety are related to H. pylori infection. Anxiety appears to heighten the intensity and perception of gastrointestinal signals, which gives patients more reasons to worry about their health, leading to a higher anxiety response, and making patients more inclined to seek medical advice[31]. Thus, identifying patients with anxiety prior to the treatment of H. pylori infection and management by a professional team including a gastroenterologist and a psychologist to improve anxiety may be necessary to improve eradication rates and reduce the costs associated with frequent medical consultations.
This study has some limitations. First, it is impossible to compare the safety and effectiveness of the VA-dual regimen and the VAS regimen because this study is a single-arm pilot study. Large-scale, multicenter randomized controlled trials in areas with different patterns of antibiotic resistance are needed to confirm our results. Second, the number of patients with anxiety disorder in this study was small, and the relevant conclusions and potential mechanisms need to be further explored in future studies. Third, H. pylori culture and antimicrobial susceptibility testing were performed in only 35.3% of our patients, and no resistance was detected to amoxicillin. So, it was impossible to determine whether amoxicillin resistance affected the eradication rate of the 14-d VAS regimen. However, considering that the rates of primary and secondary resistance to amoxicillin are low and stable[10], we believe that the 14-d VAS regimen is an effective rescue therapy. Fourth, this study was underpowered to analyze the association between eradication rate and prior eradication regimens because the study patients had previously been treated with multiple different regimens.

CONCLUSION
In conclusion, the 14-d VAS regimen is safe and effective H. pylori rescue therapy, with an acceptable eradication rate (> 90%), regardless of the number of prior treatment failures. This regimen avoids the use of additional antibiotics, but may need to be adjusted for patients with anxiety. Large-scale, multicenter randomized controlled trials are needed to confirm our results.

ARTICLE HIGHLIGHTS
Research background
Vonoprazan (VPZ)-containing triple therapies have been shown to contribute to global antimicrobial resistance. Hence, the value of VPZ-based regimens as rescue therapies needs to be explored.

Research motivation
Saccharomyces boulardii (S. boulardii) supplementation significantly improved H. pylori eradication rates and decreased the incidence of adverse events. We are the first to combine S. boulardii supplementation with VPZ-amoxicillin dual therapy (VAS regimen) as a rescue therapy for H. pylori eradication.

Research objectives
To determine the safety and efficacy of the VAS regimen as a rescue treatment for H. pylori infection.

Research methods
We performed a prospective, single-center, clinical trial with the VAS regimen.

Research results
The overall eradication rates calculated using intention-to-treat and per-protocol analyses were 92.6% and 92.3%, respectively. The eradication rate did not differ with the number of treatment failures (P = 0.433). Acceptable eradication rates (> 90%) were achieved in patients with resistance to clarithromycin, metronidazole, and levofloxacin. Most adverse events were mild, and 95.6% patients showed good compliance.

Research conclusions
The VAS regimen is a safe and effective rescue therapy, with an acceptable eradication rate (> 90%), regardless of the number of prior treatment failures.

Research perspectives
Large-scale, multicenter randomized controlled trials in areas with different patterns of antibiotic resistance are needed to confirm our results. It will be necessary to compare the safety and effectiveness of the VPZ-amoxicillin dual therapy regimen with the VAS regimen in the future.
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Figure Legends
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Figure 1 Flow chart of the study. PPI: Proton pump inhibitor; ITT: Intention-to-treat analysis; PP: Per-protocol analysis; UBT: Urea breath test; H. pylori: Helicobacter pylori.
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Figure 2 Eradication rates stratified by number of prior treatment failures. ITT: 93.6% vs 93.3% vs 83.3%, P = 0.433; PP: 93.2% vs 93.3% vs 83.3%, P = 0.585). ITT: Intention-to-treat analysis; PP: Per-protocol analysis.
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Figure 3 Impact of bacterial antibiotic resistance on eradication rate. ITT: Clarithromycin resistant vs clarithromycin sensitive, P = 1.00; levofloxacin resistant vs levofloxacin sensitive, P = 1.00; PP: Clarithromycin resistant vs clarithromycin sensitive, P = 1.00; levofloxacin resistant vs levofloxacin sensitive, P = 1.00). R-CLA: Clarithromycin resistant; S-CLA: Clarithromycin sensitive; R-LEV: Levofloxacin resistant; S-LEV: Levofloxacin sensitive; ITT: Intention-to-treat analysis; PP: Per-protocol analysis.

Table 1 Clinicodemographic characteristics of the study patients, n (%)
	Characteristic
	Total No. of patients (n = 68)
	Number of prior eradication failures

	
	
	1 (n = 47)
	2 (n = 15)
	3 (n = 6)

	Sex (male)
	20 (29.4)
	10 (21.3)
	6 (4.0)
	4 (66.7)

	Age (yr), mean ± SD 
	49.60 ± 10.57
	49.94 ± 10.00
	48.87 ± 12.65
	48.83 ± 11.27

	Height (m), mean ± SD
	1.63 ± 0.07
	1.62 ± 0.09
	1.64 ± 0.08
	1.68 ± 0.10

	Weight (kg), mean ± SD
	59.52 ± 12.30
	56.83 ± 12.19
	63.80 ± 9.94
	69.92 ± 11.50

	BMI (kg/m2), mean ± SD
	22.31 ± 3.64
	21.59 ± 3.98
	23.63 ± 2.04
	24.63 ± 1.80

	Lifestyle factors

	Smoking
	5 (7.3)
	4 (8.5)
	0 (0)
	1 (16.7)

	Drinking
	4 (5.9)
	0 (0)
	1 (6.7)
	3 (50.0)

	Symptom
	
	
	

	Abdominal pain
	7 (10.3)
	5 (10.6)
	2 (13.3)
	0 (0)

	Bloating
	6 (8.8)
	4 (8.5)
	2 (13.3)
	0 (0)

	Diarrhea
	1 (1.5)
	0 (0)
	1 (6.7)
	0 (0)

	Halitosis
	1 (1.5)
	1 (2.1)
	0 (0)
	0 (0)

	Belching
	13 (19.1)
	8 (17.0)
	3 (20.0)
	2 (33.4)

	Nausea
	2 (2.9)
	2 (4.3)
	0 (0)
	0 (0)

	Bitter taste
	1 (1.5)
	1 (2.1)
	0 (0)
	0 (0)

	Asymptomatic
	37 (54.4)
	26 (55.3)
	7 (46.7)
	4 (66.7)

	Concomitant disease
	
	
	

	Diabetes mellitus
	9 (13.2)
	8 (17.0)
	1 (6.7)
	0 (0)

	Hypertension
	14 (20.6)
	7 (14.9)
	5 (33.3)
	2 (33.4)

	Anxiety disorder
	4 (5.9)
	1 (2.1)
	2 (13.3)
	1 (16.7)

	Gastroscopy findings

	Atrophic gastritis
	33 (48.6)
	27 (57.4)
	4 (26.7)
	2 (33.4)

	Non-atrophic gastritis
	24 (35.3)
	14 (29.8)
	8 (53.3)
	2 (33.4)

	Peptic ulcer
	4 (5.9)
	1 (2.1)
	1 (6.7)
	2 (33.4)

	Polyp
	1 (1.5)
	0 (0)
	1 (6.7)
	0 (0)

	Not applicable (no gastroscopy done)
	6 (8.9)
	5 (10.6)
	1 (13.3)
	0 (0)


BMI: Body mass index.

Table 2 Factors potentially influencing Helicobacter pylori eradication, n (%)
	Factor
	Eradication failure (n = 5)
	Successful eradication (n = 63)
	P value

	Sex (male)
	2 (40.0)
	18 (28.6)
	0.627

	Age (yr), mean ± SD
	54.40 ± 5.86
	49.22 ± 10.80
	0.295

	Height (m), mean ± SD
	1.62 ± 0.10
	1.62 ± 0.07
	0.778

	Weight (kg), mean ± SD
	64.60 ±11.42
	59.12 ± 12.37
	0.129

	BMI (kg/m2), mean ± SD
	24.43 ± 1.88
	22.14 ± 3.70
	0.112

	Concomitant disease

	Diabetes mellitus
	1 (20.0)
	8 (12.7)
	0.520

	Hypertension
	1 (20.0)
	13 (20.6)
	1.000

	Anxiety disorder
	2 (40.0)
	2 (3.2)
	0.025

	Gastroscopy findings

	Atrophic gastritis
	2 (40.0)
	31 (49.2)
	1.000

	Non-atrophic gastritis
	3 (60.0)
	21 (33.3)
	0.337

	Peptic ulcer
	0 (0.0)
	4 (6.3)
	1.000

	Polyp
	0 (0.0)
	1 (1.6)
	1.000

	No. of prior treatments

	1
	3 (60.0)
	44 (69.8)
	0.641

	≥ 2
	2 (40.0)
	19 (30.2)
	


BMI: body mass index.

Table 3 Adverse events and patient compliance
	Variable
	%

	Adverse events
	

	Total adverse events
	14.7% (10/68)

	Dry mouth
	1.5% (1/68)

	Skin rash
	4.4% (3/68)

	Bloating
	1.5% (1/68)

	Diarrhea
	5.9% (4/68)

	Abdominal pain
	1.5% (1/68)

	Grade of adverse event
	

	Mild
	70.0% (7/10)

	Moderate
	30.0% (3/10)

	Severe
	0% (0/10)

	1Compliance
	

	Good 
	95.6% (65/68)

	Poor 
	4.4% (3/68)


1Compliance was rated as good if the patient had taken > 80% of all medications prescribed, and as poor, if not.

Table 4 Comparison of liver and kidney function before and after treatment
	Characteristic
	Before (n = 41)
	After (n = 41)
	P value

	Total bilirubin (μmol/L), mean ± SD 
	13.68 ± 4.82
	14.96 ± 5.22
	0.252

	ALT (U/L), mean ± SD
	16.92 ± 8.33
	21.46 ± 16.03
	0.270

	AST (U/L), mean ± SD
	18.99 ± 7.61
	21.03 ± 10.67
	0.670

	Creatinine (μmol/L), mean ± SD
	60.105 ± 12.060
	60.53 ± 11.35
	0.974


AST: Aspartate transaminase; ALT: Alanine transaminase.
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