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ABSTRACT
Background and aims This study aimed to evaluate 
the efficacy and safety of vonoprazan and tetracycline 
(VT) dual therapy as first- line treatment for Helicobacter 
pylori infection in patients with penicillin allergy.
Methods In this randomised controlled trial, 
treatment- naïve adults with H. pylori infection and 
penicillin allergy were randomised 1:1 to receive either 
open- label VT dual therapy (vonoprazan 20 mg two 
times per day+tetracycline 500 mg three times a day) 
or bismuth quadruple therapy (BQT; lansoprazole 30 
mg two times per day+colloidal bismuth 150 mg 
three times a day+tetracycline 500 mg three times 
a day+metronidazole 400 mg three times a day) for 
14 days. The primary outcome was non- inferiority in 
eradication rates in the VT dual group compared with 
the BQT group. Secondary outcomes included assessing 
adverse effects.
Results 300 patients were randomised. The eradication 
rates in the VT group and the BQT group were: 92.0% 
(138/150, 95% CI 86.1% to 95.6%) and 89.3% 
(134/150, 95% CI 83.0% to 93.6%) in intention- to- 
treat analysis (difference 2.7%; 95% CI −4.6% to 
10.0%; non- inferiority p=0.000); 94.5% (138/146, 
95% CI 89.1% to 97.4%) and 93.1% (134/144, 95% 
CI 87.3% to 96.4%) in modified intention- to- treat 
analysis (difference 1.5%; 95% CI −4.9% to 8.0%; non- 
inferiority p=0.001); 95.1% (135/142, 95% CI 89.7% to 
97.8%) and 97.7% (128/131, 95% CI 92.9% to 99.4%) 
in per- protocol analysis (difference 2.6%; 95% CI −2.9% 
to 8.3%; non- inferiority p=0.000). The treatment- 
emergent adverse events (TEAEs) were significantly 
lower in the VT group (14.0% vs 48.0%, p=0.000), with 
fewer treatment discontinuations due to TEAEs (2.0% vs 
8.7%, p=0.010).
Conclusions VT dual therapy demonstrated efficacy 
and safety as a first- line treatment for H. pylori infection 
in the penicillin- allergic population, with comparable 
efficacy and a lower incidence of TEAEs compared with 
traditional BQT.
Trial registration number ChiCTR2300074693.

INTRODUCTION
Helicobacter pylori eradication treatment is essen-
tial for decreasing the risk of gastric cancer.1 High- 
dose proton pump inhibitor (PPI) or standard- dose 

vonoprazan (a novel potassium- competitive acid 
blocker) plus amoxicillin dual therapy has been 
proven to be effective and safe for H. pylori treat-
ment in Asia.2 3 However, amoxicillin dual therapy 
may not be suitable for individuals allergic to 
penicillin or infected with H. pylori resistant to 
amoxicillin. Tetracycline is one of the most effec-
tive antimicrobial agents against H. pylori, with 
resistance generally <1.2%~3.3%.4 Traditionally, 
tetracycline was used as a component of bismuth 
quadruple therapy (BQT: PPI, bismuth, metronida-
zole and tetracycline). In our previous retrospective 
study, 14- day vonoprazan and tetracycline (VT) 
dual therapy achieved eradication rates of 100% 
(18/18) as first- line treatment and 90.9% (40/44, 
95% CI 78.8%~96.4%) as rescue treatment.5

This study aimed to prospectively evaluate the 
efficacy and tolerability of 14- day VT dual therapy 
compared with BQT as first- line treatment.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ High- dose amoxicillin dual therapy is 
specifically effective for treating Helicobacter 
pylori infection.

 ⇒ So far, no dual therapy with a single antibiotic 
other than amoxicillin has been reported.

 ⇒ This therapy is unsuitable for individuals allergic 
to penicillin.

WHAT THIS STUDY ADDS
 ⇒ This study is the first randomised controlled trial 
using tetracycline- containing dual therapy for 
H. pylori treatment.

 ⇒ The results show that vonoprazan- tetracycline 
(VT) dual therapy is not inferior to classic 
bismuth quadruple therapy in efficacy and 
offers better safety and adherence.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The VT dual regimen has been proven effective, 
indicating that combining a single sensitive 
antibiotic with potent acid suppression can 
potentially eradicate H. pylori and offers more 
possibilities for expanding dual therapy.

http://www.bsg.org.uk/
http://gut.bmj.com/
http://orcid.org/0000-0003-3549-6846
http://orcid.org/0000-0001-5535-4752
http://orcid.org/0000-0002-9885-261X
http://crossmark.crossref.org/dialog/?doi=10.1136/gutjnl-2024-332640&domain=pdf&date_stamp=2024-08-06
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MATERIALS AND METHODS
Study design and participants
This study was a prospective, single- centre, open- label, 
randomised controlled, non- inferiority trial conducted 
between August 2023 and March 2024 at Peking University 
First Hospital in China. Reporting adhered to the Consol-
idated Standards of Reporting Trials statement guidelines 
for randomised controlled trials. This trial was registered at  
chictr.org.cn (ChiCTR2300074693). The coauthors had access 
to the study data and have reviewed and approved the final 
manuscript.

Eligible patients were aged between 18 and 70 years, were 
treatment- naïve for H. pylori, and met the following criteria: 
they had not undergone prior treatment for H. pylori and were 
allergic to penicillin (due to an allergy to penicillin or a history 
of a positive penicillin skin test). Exclusion criteria included 
subjects who had previously received H. pylori treatment, 
pregnant or lactating women, individuals with severe systemic 
diseases or malignancy, those receiving antibiotics, bismuth, 
antisecretory drugs or with contraindications to the study drugs, 
or individuals deemed unsuitable for participation in the study 
by the researcher.

On enrolment, all subjects underwent confirmation of H. 
pylori infection with a positive 13C- urea breath test (UBT, 75 mg 
13C- urea, Shenzhen Zhonghe Headway Bio- Sci & Tech).

Randomisation and interventions
At the start of the trial, patients were randomly assigned in a 
1:1 ratio to receive either open- label VT dual therapy, consisting 
of vonoprazan 20 mg two times per day (20 mg/tablet, Takeda 
Pharmaceutical) and tetracycline 500 mg three times a day (250 
mg/tablet, Guilin Pharmaceutical), or BQT therapy, consisting 
of lansoprazole 30 mg two times per day (30 mg/tablet, Takeda 
Pharmaceutical), colloidal bismuth 150 mg three times a day 
(North China Pharmaceutical), tetracycline 500 mg three times 
a day (250 mg/tablet, Guilin Pharmaceutical) and metronida-
zole 400 mg three times a day (Sichuan Kelun Pharmaceutical 
Research Institute), each administration for a duration of 14 
days. Patients were instructed to take vonoprazan, lansoprazole 
and bismuth 30 min before meals, while tetracycline and metro-
nidazole were to be taken immediately after meals.

Randomisation was conducted using a computer- generated 
random number sequence with a block size of four. The 
sequence was sealed in an envelope and kept by an indepen-
dent research assistant until the intervention was assigned. This 
study was open- labelled, and both physicians and patients were 
aware of the treatment received. The technician responsible 
for performing 13C- UBT was unaware of the treatment allo-
cation. All patients were informed of the medication adminis-
tration schedule, potential adverse events and the procedure 
for reporting them. Throughout and following the treatment 

Figure 1 Flow chart of screening and recruitment of study subjects. LBTM group: (or bismuth quadruple therapy group) quadruple therapy group 
including lansoprazole 30 mg two times per day+colloidal bismuth 150 mg three times a day+tetracycline 500 mg three times a day+metronidazole 
400 mg three times a day) for 14 days. VT group: dual therapy group including vonoprazan 20 mg two times per day+tetracycline 500 mg three 
times a day for 14 days. Data are n (%), or mean (SD). Cigarette smoking was defined by consumed >5 cigarettes a day or >1 cigarette pack/week 
consumed in the past 6 months. Alcohol drinking was defined by > 50 g of alcohol/day consumed in the past 6 months. Family history of gastric cancer 
was defined as a family history of gastric cancer in a first- degree relative (such as parents, siblings or children), which is associated with double to 
triple the risk of gastric cancer.6 The severity of AE was graded as: mild: transient and well- tolerated; moderate: discomfort noticeably interfering with 
daily activities; severe: considerable interference with daily activities, or requiring hospitalisation, or resulting in a study- related death. AEs, adverse 
effects; ITT, intention- to- treat analysis; mITT, modified intention- to- treat analysis; PP, per- protocol analysis.

https://www.chictr.org.cn/
https://www.chictr.org.cn/
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period, patients were monitored for any discomforts. Patient 
education during consultations, combined with offline and 
online follow- up, was performed to enhance adherence.

Trial assessments
Demographic characteristics and relevant medical history were 
obtained during the screening visit. Treatment- emergent adverse 
events (TEAEs) and concomitant medication use were recorded. 
TEAEs were collected from patients who received at least one 
dose of medicine.

The primary end point was the eradication rate, assessed by H. 
pylori status via 13C- UBT at week 8 (6 weeks after the last dose 
of study drugs). The secondary end point included the incidence 
and severity of adverse events and adherence. The severity of 
adverse events was graded as follows: ‘none’; ‘mild’ (transient 
and well- tolerated); ‘moderate’ (discomfort noticeably inter-
fering with daily activities) or ‘severe’ (considerable interference 
with daily activities, or requiring hospitalisation, or resulting in 
a study- related death). Adherence was considered ‘poor’, if the 
patient had taken <80% of the prescribed medications.

Sample size calculation and statistical analysis
As a positive drug parallel control with a non- inferiority hypoth-
esis test, the sample size was determined based on the primary 
end point. The sample ratio of the VT dual group to the BQT 
group was set at 1:1, employing a unilateral test with a one- sided 
α error of 0.025, a power of 80% (equivalent to a β error of 
0.20) and a non- inferiority threshold of 10%. Assuming an erad-
ication rate of 90% for the control group,6 PASS 2021 software 
calculated that 142 patients per treatment group would provide 
over 90% power to establish non- inferiority. Accounting for 
potential dropouts (estimated at approximately 5% of subjects), 
a sample size of at least 300 subjects (with 150 subjects in each 
group) was targeted for recruitment in this trial.

The effectiveness of treatment was assessed in three patient 
cohorts: (1) intention- to- treat (ITT) analysis, which encom-
passed all patients collected from 2023 to 2024 with a follow- up 
of at least 2 months. Cases lost to follow- up were considered 
treatment failures; (2) modified intention- to treat (mITT) anal-
ysis, which comprised patients who received at least one dose of 
medication and underwent reexamination of 13C- UBT at least 6 

Table 1 Demographic and clinical data of all patients who were involved

LBTM group
(n=150)

VT group
(n=150) Z- score P value

Age (mean, SD) years
range

47.4 (12.8)
18–70

46.6 (12.9)
18–70

−0.475 0.635

Sex (M/F) 47/103
(1:2.2）

43/107
(1:2.5)

−0.503 0.615

Body weight
(mean, SD) kg

63.5 (11.2) 64.0 (14.0) −0.613 0.540

BMI (mean, SD) kg/m2 23.2 (3.3) 23.2 (3.7) −0.361 0.718

Cigarette smoking 15 (10.0%) 8 (5.3%) −1.516 0.129

Alcohol drinking 27 (18.0%) 16 −1.622 0.105

Family history of gastric cancer 19 (12.7%) 18 (12.0%) −0.175 0.861

Endoscopy diagnosis

  Gastritis 122 (81.3%) 131 (87.3) −1.329 0.184

  Peptic ulcers 28 (18.7%) 19 (12.7%)

Concomitant diseases 1.00 1.61 −1.816 0.069

Diabetes mellitus 10 8 −0.485 0.627

Hypertension 22 24 −0.320 0.749

Bronchial asthma 32 32 1.284 0.199

Hepatobiliary disease 16 23 −1.200 0.230

Chronic kidney disease 3 7 −1.765 0.078

Thyroid disease 19 21 −0.876 0.381

Dermatosis 18 10 1.585 0.113

Concomitant medications 0.43 0.85 −1.858 0.063

Loss of follow- up 6 (4.0%) 4 (2.7%) −0.642 0.521

Adherence, n/N (%) 131/150 (87.3%) 142/150 (94.7%) −2.215 0.027

BMI, body mass index; F, female; LBTM, lansoprazole, bismuth, tetracycline, metronidazole; M, male; VT, vonoprazan and tetracycline.

Table 2 Eradication rate of each group

Analysis LBTM group VT group Difference P value for difference P value for non- inferiority

ITT 89.3% (134/150) 92.0% (138/150) 2.7% 0.56 0.000

95% CI 83.0% to 93.6% 86.1% to 95.6% −4.6% to 10.0%

mITT 93.1% (134/144) 94.5% (138/146) 1.5% 0.78 0.000

95% CI 87.3% to 96.4% 89.1% to 97.4% −4.9% to 8.0%

PP 97.7% (128/131) 95.1% (135/142) 2.6% 0.25 0.001

95% CI 92.9% to 99.4% 89.7% to 97.8% −2.9% to 8.3%

ITT, intention- to treat; LBTM, lansoprazole, bismuth, tetracycline and metronidazole; mITT, modified intention- to treat; PP, per- protocol; VT, vonoprazan and tetracycline.
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weeks after the end of treatment, regardless of adherence. This 
analysis was designed to reflect results closest to those observed 
in clinical practice; (3) per- protocol (PP) analysis, which 
included patients who had taken at least 80% of the study drugs 
and completed follow- up.

Continuous variables were presented as the mean±SD, while 
categorical variables were expressed as numbers and percentages 
(%). Data analysis employed Student’s t- test for continuous vari-
ables and either the χ2 test or Fisher’s exact test for categorical 
variables, as appropriate. All p values were two- tailed except for 
the test of non- inferiority, where the level of statistical signifi-
cance was specified as p<0.05. Statistical analysis was conducted 
using SPSS statistical software (V.26).

RESULTS
Patients enrolled and baseline characteristics
Enrolment occurred between August 2023 and March 2024 at 
Peking University First Hospital. Out of 315 patients screened 
for eligibility, a total of 300 were randomised, with 150 subjects 
allocated to the VT dual therapy group and 150 subjects to the 
BQT group (figure 1). Final follow- up was completed in March 
2024.

The demographic and clinical characteristics of the enrolled 
population are summarised in table 1. All patients were deemed 
penicillin allergy, either due to previous penicillin allergy or a 
positive history in previous penicillin skin test. There was no 
significant difference between the two groups in terms of gender, 
age, body weight, body mass index (BMI), smoking and drinking 
habits, family history of gastric cancer, diagnosis, accompanying 
diseases and medicines. Among the enrolled subjects, four cases 
in the VT dual therapy group and six cases in the BQT group 
were lost to follow- up without 13C- UBT results. These 10 cases 
were considered treatment failures in the ITT analysis and were 
excluded in the mITT analysis. Additionally, 4 subjects in the VT 
dual therapy group and 13 subjects in the BQT group discon-
tinued treatment (taken <80% of tablets) but underwent 13C- 
UBT follow- up. In total, 27 subjects (8 in the VT dual therapy 
group and 19 in the BQT group) were excluded from the PP 
analysis (figure 1).

Eradication of H. pylori infection
The eradication rates in the VT dual therapy group and the BQT 
group were 92.0% (138/150, 95% CI 86.1% to 95.6%) and 
89.3% (134/150, 95% CI 83.0% to 93.6%) in the ITT anal-
ysis (difference 2.7%; 95% CI −4.6% to 10.0%; non- inferiority 
p=0.000), respectively; 95.1% (135/142, 95% CI 89.7% to 
97.8%) and 97.7% (128/131, 95% CI 92.9% to 99.4%) in 
the PP analysis (difference 2.6%; 95% CI −2.9% to 8.3%; 
non- inferiority p=0.000), 94.5% (138/146, 95% CI 89.1% to 
97.4%) and 93.1% (134/144, 95% CI 87.3% to 96.4%) in the 
modified mITT analysis (difference 1.5%; 95% CI −4.9% to 
8.0%; non- inferiority p=0.001), respectively.

There was no significant difference in the overall eradication 
rates between the two groups (p=0.56, 0.78 and 0.25 in the 
ITT, mITT and PP analysis, respectively). VT dual therapy met 
the primary end point of non- inferiority to BQT (lansoprazole, 
bismuth, tetracycline and metronidazole (LBTM) group) as first- 
line treatment, as the eradication rates did not significantly differ 
between two groups in the ITT, mITT and PP analyses (table 2).

A total of 17 patients (13 in the LBTM group and 4 in the VT 
group) discontinued the medication prematurely due to TEAEs 
but completed the follow- up examination. The basic informa-
tion and eradication status of these patients are summarised in 
table 3. Although some patients did not complete the full 14- day 
treatment course, they still achieved successful eradication. It 
appears that the longer the duration of medication, the greater 
the likelihood of eradication.

Adverse events and adherence
The adverse event analysis set comprised 300 patients, including 
10 randomised patients who were lost to follow- up. TEAEs 
were reported in 48.0% (72/150) of the BQT group compared 
with 14.0% (21/150) in the VT dual therapy group (p=0.000) 
(table 4). The incidence of TEAEs was higher in the BQT group 
than in the VT dual therapy group, whether classified as mild 
(p=0.000), moderate (p=0.016) or severe (p=0.005) (table 4). 
TEAE- related discontinuations occurred in 8.7% (13/150) of 
the BQT group vs 2.0% (3/150) of the VT dual therapy group 
(p=0.010) (table 4).

Table 3 Cure rates of those patients who stopped prematurely (with poor adherence) in each group

Group No. Sex Age (years) Duration of medication (days) Successful eradication Cure rate

LBTM group (n=13) 088 F 60 1 No 6/13 (46.2%)

092 F 42 1 No

090 F 46 2 No

107 F 47 2 No

008 F 60 3 No

089 F 62 3.5 No

150 F 39 8 Yes

129 F 40 9 No

023 M 51 10 Yes

024 F 32 10 Yes

096 F 64 10 Yes

143 F 55 10 Yes

149 F 42 10 Yes

VT group (n=4) 150 F 26 3 No 3/4 (75.0%)

049 F 47 8 Yes

012 F 68 10 Yes

075 F 35 10 Yes

F, female; LBTM, lansoprazole, bismuth, tetracycline, metronidazole; M, male; VT, vonoprazan and tetracycline.
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All TEAEs are listed in table 4, with nausea, dizziness, bitter 
taste, abdominal discomfort, vomiting and diarrhoea being the 
most common adverse events. No medical invention or hospital-
isation was required, and no death occurred during treatment. 
Additionally, all adverse events disappeared after cessation of 
treatment. Adherence, defined as taking at least 80% of the 
prescribed drugs, was 87.3% (131/150) in the BQT group 
compared with 94.7% (142/150) in the VT dual therapy group 
(p=0.027).

In addition, three patients who initially failed treatment in 
our study underwent repeat penicillin skin test, two of them 
obtained negative results. Subsequently, they were administrated 

VA dual therapy (vonoprazan+amoxicillin) as rescue treat-
ment, achieving successful eradication without allergic reactions 
(table 5).

DISCUSSION
In our study, the vonoprazan and tetracycline dual regimen 
demonstrated non- inferiority to BQT for the eradication of 
H. pylori infection as first- line treatment among patients with 
penicillin allergy. This randomised clinical study involving 300 
patients provided the initial assessment of VT dual therapy, 
supporting the efficacy of tetracycline- containing dual therapy 
for H. pylori infection treatment as first- line option.

Antibiotic resistance is a significant factor contributing to the 
failure of H. pylori eradication. It has been reported that the 
overall prevalence of primary antibiotic resistance of H. pylori in 
the Asia- Pacific region between 1990 and 2022 was 22% (95% 
CI 20% to 23%) for clarithromycin, 52% (95% CI 49% to 55%) 
for metronidazole, 26% (95% CI 24% to 29%) for levoflox-
acin, 4% (95% CI 3% to 5%) for tetracycline and 4% (95% 
CI 3% to 5%) for amoxicillin.7 Given that infectious disease 
studies are often susceptibility- based,8 tetracycline and amoxi-
cillin emerge as primary option for antibiotic candidates. Amox-
icillin, characterised by its low resistance rate, high efficacy, 
safety and availability, is an essential component of H. pylori 
eradication regimens. Recently, dual therapy comprising high- 
dose amoxicillin has been validated as effective.9 10 However, 
amoxicillin may not be the preferred choice, as approximately 
10% of the population in the USA and 4%–5.6% in the Asia- 
Pacific region (including China) report penicillin allergy.11 
According to the Maastricht VI/Florence consensus report, BQT 
(PPI, bismuth, metronidazole and tetracycline) is the preferred 
treatment option for this population.1 Tetracycline, at the 
outset of H. pylori treatment, has shown efficacy as a single- 
antibiotic regimen.12 The efficacy of tetracycline- containing dual 
therapy was initially explored by Al- Assi et al.13 A dual therapy 
comprising omeprazole 20 mg three times a day+tetracycline 
500 mg four times a day and omeprazole 40 mg once daily plus 
tetracycline 500 mg four times a day, alongside bismuth subsalic-
ylate 2 tablets four times a day for 14 days, was administrated to 
19 and 20 patients with H. pylori- positive peptic ulcer disease, 
respectively. Successful eradication was achieved in 5/19 (26%) 
and 12/25 (48%) patients in tetracycline dual therapy group and 
the bismuth- adding group, respectively. However, the efficacy 
of tetracycline dual therapy was deemed inadequate for routine 
treatment, with low intragastric pH being considered a major 
barrier to effective antimicrobial therapy.

When the environmental pH increased from 5.0 to 6.0, the 
Minimum Inhibitory Concentration 90% (MIC90) for tetracy-
cline decreased from 0.5 mg/L to 0.125 mg/L.14 However, the 
evolution of the medicine has facilitated the updating of treat-
ment regimens and rejuvenated the efficacy of tetracycline- 
containing dual therapy. Vonoprazan, a potassium- competitive 
acid blocker, swiftly and potently elevates intragastric pH levels 
and sustains them to a greater extent than PPIs. It has been 

Table 5 Information of three patients who received rescue therapy following initial treatment failure in the study

Group No. Sex Age (years) Repeat penicillin skin test Rescue therapy regimen Successful eradication Adverse effects

LBTM group (n=1) 146 F 31 Negative Vonoprazan+amoxicillin Yes No

VT group (n=2) 025 F 65 Positive Vonoprazan+bismuth+tetracycline+furazolidone Yes No

061 F 60 Negative Vonoprazan+amoxicillin Yes No

F, female; LBTM, lansoprazole, bismuth, tetracycline, metronidazole; VT, vonoprazan and tetracycline.

Table 4 Adverse events in each group

Variables LBTM group VT group P value

Total, n/N (%) 72/150 (48.0%) 21/150 (14.0%) 0.000

AE grade

  Mild 31 6 0.000

  Moderate 23 10 0.016

  Severe 18 5 0.005

  Moderate to severe 41 15 0.000

AEs variety

  Nausea 30 7

  Dizziness 16 2

  Bitter taste 10 2

  Abdominal discomfort 10 4

  Vomiting 7 1

  Diarrhoea 7 2

  Itchy skin 5 1

  Skin oedema 5 0

  Rash 4 4

  Headache 4 0

  Abdominal pain 4 1

  Abdominal distension 4 0

  Fatigue 4 1

  Fever 3 0

  Backache 3 0

  Palpitation 3 2

  Constipation 2 3

  Insomnia 1 0

  Loss of appetite 1 2

  Sweating 1 0

Discontinued due to AEs 13/150 (8.7%) 3/150 (2.0%) 0.010

Lost in follow- up 6 4 0.521

Adherence, n/N (%) 131/150 (87.3%) 142/150 (94.7%) 0.027

Adherence according to AE grade

  Mild 31/31 (100.0%) 6/6 (100.0%) –

  Moderate 23/23 (100.0%) 10/10 (100.0%) –

  Severe 4/18 (22.2%) 2/5 (40.0%) 0.423

AE, adverse event; LBTM, lansoprazole, bismuth, tetracycline, metronidazole; VT, 
vonoprazan and tetracycline.
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associated with higher H. pylori eradication rates in amoxicillin- 
containing dual therapy.9 Inspired by the enhanced efficacy 
observed in AMX- containing dual therapy, it was hypothesised 
that tetracycline’s antimicrobial effect might be more stable 
and exhibit better bioavailability in the gastric cavity under 
the higher intragastric pH value produced by vonoprazan. The 
results of this study demonstrated that the efficacy of VT dual 
therapy was non- inferior to that of classical BQT, as determined 
by ITT, mITT and PP analyses.

Gastric acid can reduce the absorption rate of tetracycline 
antibiotics, particularly in environments with higher acidity 
levels. Additionally, gastric acid may undergo chemical reactions 
with tetracycline, leading to partial degradation or inactivation. 
This discrepancy might explain why VT dual therapy yielded 
different results compared with omeprazole and tetracycline 
dual therapy in previous study.

Adherence and adverse events play a significant role in 
successful eradication. In the BQT group, 48.0% of patients 
reported TEAEs, with 8.7% discontinuing treatment as a result. 
In fact, TEAEs are frequently encountered during BQT treat-
ment.15 16 Gisbert17 reported that the overall incidence of adverse 
events was 43% (95% CI 35% to 50%, 24 studies), leading to 
nearly 3% of the treatment being interrupted.6 In our study, VT 
dual therapy demonstrated fewer TEAEs compared with BQT 
(14.0% vs 48.0%, p=0.000), while maintaining similar efficacy. 
This suggested that it could be a promising candidate for optimi-
sation of regimens.

The occurrence of TEAEs was significantly lower in the VT 
dual therapy group compared with the BQT group (14.0% vs 
48.0%, p=0.000), across all grades of severity. In theory, the 
use of fewer drugs leads to fewer side effects. VT dual therapy 
represents an optimised approach to classical BQT, offering high 
efficacy with low TEAE rates.

This is the first randomised trial reporting the efficacy of VT 
dual therapy in first- line therapy and in patients with penicillin 
allergy. In comparison with amoxicillin, tetracycline presents a 
convenient option for prescription as there is no requirement for 
allergy testing. Restrictions on amoxicillin use are often influ-
enced by concerns regarding ‘penicillin- allergic’ status or posi-
tive penicillin skin test results. However, it is worth noting that 
while 10% of the population has reported penicillin allergies, 
only 5% of these cases were considered true allergies, meaning 
that 95% of reported allergies may be categorised as ‘false peni-
cillin allergy’.18 In our study, it is likely that at least two individ-
uals with ‘false allergy’ were included who were administrated 
VA dual therapy (vonoprazan+amoxicillin) as rescue treat-
ment, achieving successful eradication without allergy reactions 
(table 5).

The VT dual therapy may also need to be optimised since the 
vonoprazan trial and amoxicillin dual therapy shows better effec-
tiveness in Asian regions, while the eradication rate is relatively 
low in European and American countries.19 Possible factors 
related to differences in eradication effectiveness include20: the 
timing of antibiotic administration, emergence of resistance, 
failure to achieve the intragastric pH required for effectiveness 
(including different prevalence of rapid metabolisers) and host 
factors such as body wight, for instance, the average BMI in the 
US/European study was 28.7 and 29.1, respectively,19 whereas 
the population in our study has an average BMI of 23.2 (table 1). 
Optimisation could be approached through the following aspects: 
(1) to improve the effectiveness of vonoprazan by increasing the 
dosage, frequency of administration or both, or alternatively 
adding an H2 receptor antagonist concurrently20; (2) to increase 
the dose of tetracycline from 1.5 g/day to 2.25 g/day, which has 

been confirmed to be safe in a large population study in China 
(750 mg three times a day)21; (3) to perform antibiotic resistance 
testing before treatment1 8; (4) to adjust the timing of medication 
of antibiotic from before meal to after meal.20

This study simultaneously conducted patient education when 
prescribing medications, including medication timing, precau-
tions and reminded patients to contact the researchers at any 
time if they had questions or discomfort during medication. The 
medication process included maintaining telephone or online 
follow- ups. Therefore, there were fewer lost to follow- ups in this 
study, and there was not much difference in the results between 
ITT, mITT and PP. Previous studies have shown that adequate 
patient education and close follow- up during the medication 
process can effectively improve adherence, thereby increasing 
the success rate of eradication.22

Limitations
There were several limitations in our study. First, this trail was 
open- label and VT dual regimen is distinguishable from BQT, 
which might have influenced the incidence of adverse events 
or introduced other potential biases. Second, the study was 
conducted in a single medical centre with a limited population 
of patients with penicillin allergy. It needs to be verified whether 
the combination is applicable to a broader population. Third, 
there was no data available regarding H. pylori isolation and anti-
microbial susceptibility in this study. Fourth, using vonoprazan- 
based BQT as comparator appears to be more favourable than 
using PPI. Fifth, vonoprazan is not available in many Western 
countries (it became available in the USA in 2022), and tetra-
cycline may be difficult to obtain in many countries, including 
most tertiary hospital in China, thus limiting the use of this 
therapy. In the future, we could explore dual therapy regimens 
involving minocycline or doxycycline. Nevertheless, despite 
these limitations, this study still contributed to the promotion of 
tetracycline- containing dual therapy, especially for patients who 
are not suitable for amoxicillin use.23

CONCLUSION
VT dual therapy, consisting of vonoprazan 20 mg two times 
per day and tetracycline 500 mg three times a day for 14 days, 
proved to be effective and safe as first- line treatment for H. 
pylori infection in a population with penicillin allergy. VT dual 
therapy could serve as an optimised alternative to classical BQT, 
offering similar efficacy, fewer TEAEs and good adherence. 
Further studies are needed to evaluate the efficacy of VT dual 
therapy in the general population, both as a primary and as a 
rescue option.
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