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Abstract
BACKGROUND
Due to increasing resistance rates of Helicobacter pylori (H. pylori) to different antibiotics, failures in eradication therapies are becoming more frequent. Even though eradication criteria and treatment algorithms for first-line and second-line therapy against H. pylori infection are well-established, there is no clear recommendation for third-line and rescue therapy in refractory H. pylori infection.

AIM
To perform a systematic review evaluating the efficacy and safety of rescue therapies against refractory H. pylori infection.

METHODS
A systematic search of available rescue treatments for refractory H. pylori infection was conducted on the National Library of Medicine’s PubMed search platform based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Randomized or non-randomized clinical trials and observational studies evaluating the effectiveness of H. pylori infection rescue therapies were included.

RESULTS
Twenty-eight studies were included in the analysis of mean eradication rates as rescue therapy, and 21 of these were selected for analysis of mean eradication rate as third-line treatment. For rifabutin-, sitafloxacin-, levofloxacin-, or metronidazole-based triple-therapy as third-line treatment, mean eradication rates of 81.6% and 84.4%, 79.4% and 81.5%, 55.7% and 60.6%, and 62.0% and 63.0% were found in intention-to-treat (ITT) and per-protocol (PP) analysis, respectively. For third-line quadruple therapy, mean eradication rates of 69.2% and 72.1% were found for bismuth quadruple therapy (BQT), 88.9% and 90.9% for bismuth quadruple therapy, three-in-one, Pylera® (BQT-Pylera), and 61.3% and 64.2% for non-BQT) in ITT and PP analysis, respectively. For rifabutin-, sitafloxacin-, levofloxacin-, or metronidazole-based triple therapy as rescue therapy, mean eradication rates of 75.4% and 78.8%, 79.4 and 81.5%, 55.7% and 60.6%, and 62.0% and 63.0% were found in ITT and PP analysis, respectively. For quadruple therapy as rescue treatment, mean eradication rates of 76.7% and 79.2% for BQT, 84.9% and 87.8% for BQT-Pylera, and 61.3% and 64.2% for non-BQT were found in ITT and PP analysis, respectively. For susceptibility-guided therapy, mean eradication rates as third-line and rescue treatment were 75.0% in ITT and 79.2% in PP analysis.

CONCLUSION
We recommend sitafloxacin-based triple therapy containing vonoprazan in regions with low macrolide resistance profile. In regions with known resistance to macrolides or unavailability of bismuth, rifabutin-based triple therapy is recommended.
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Core Tip: The eradication of Helicobacter pylori is widely discussed given the high prevalence and incidence of its infection. Even with established criteria in the V Maastricht Consensus for the eradication of infection and treatment algorithms for choosing first-line and second-line therapeutic regimens, therapeutic failure is frequent. Therefore, establishing safe, effective, and accessible third-line and rescue therapies for patients in need of eradication is necessary in the management of such infection. Due to this need, the present systematic review performed a systematic review evaluating the efficacy and safety of rescue therapies against refractory Helicobacter pylori infection.


INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative microaerophilic bacterium with a wide genomic diversity, which are the product of mutations, recombination, migrations, and genetic drift that favored the emergence of multiple populations and subpopulations of this bacterium[1-3]. H. pylori is a microorganism of global relevance, infecting about 50% of the world population[4].
Exclusive or multifactorial infection by H. pylori is associated with the onset of multiple diseases. The exclusive action of H. pylori through its virulence factors is related to the development of peptic ulcer, duodenal ulcer, gastritis, and consequently, dyspepsia[5-7]. Although H. pylori infection is often the primary cause of gastric cancers, the development of this pathological process results from a multifactorial interaction between bacterial, host, and environmental factors[8]. Furthermore, H. pylori can also stimulate lymphocytic infiltration in the gastric mucosa, which combined with high-risk genotypes may be associated with a neoplastic transformation into mucosa-associated lymphoid tissue lymphoma[9,10].
According to the IV Brazilian Consensus on Infection by H. pylori and the Maastricht V/Florence Consensus, the eradication of H. pylori is recommended in cases of peptic ulcer, mucosa-associated lymphoid tissue lymphoma, atrophic gastritis, after gastric cancer resection and in patients with first-degree relatives with gastric cancer. However, in addition to its adverse effects, the eradication of H. pylori can result in changes in the stomach, intestine, pancreas, and other systems and allow the colonization of other bacteria. Therefore, the risk/benefit ratio of this therapy must be evaluated by the physician[11,12].
Treatment of H. pylori infection is based on a combination of antimicrobials and antisecretory agents that promote an increase in gastric pH, enabling the action of antimicrobials. The increasing rates of H. pylori resistance to the classes of antimicrobials commonly used in conventional therapeutic regimens has reduced the effectiveness of these drugs, and failures in eradication therapies have become increasingly frequent. In an attempt to combat the growing resistance to antimicrobials, new therapeutic regimens have been used as an alternative to conventional regimens. The association of bismuth, the use of new classes of antisecretory agents such as the competitive inhibitor of potassium channels, and the adoption of new antimicrobials have acted as an alternative to standard therapeutic regimens.
Although the Maastricht V/Florence Consensus presents very well-established criteria for the eradication of infection and treatment algorithms for the choice of first-line and second-line therapeutic regimens (Figure 1) against H. pylori infection, there is no clear recommendation for third-line and rescue regimens in refractory H. pylori infection. Given the need to establish safe, effective, and accessible therapies for patients, the aim of this study was to evaluate the efficacy and safety of third-line and rescue therapies in refractory H. pylori infection.

MATERIALS AND METHODS
Although no review protocol was registered, the present review was conducted in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 guideline, from a survey of available rescue treatments for refractory H. pylori infection in scientific articles on the PubMed search platform of the National Library of Medicine. The search was performed between April 22, 2021 and August 20, 2021. Different descriptors were used throughout the study for maximization of the database, namely: Helicobacter pylori multidrug resistance and rescue therapy; H. pylori multiresistant and rescue treatment; Helicobacter pylori multidrug resistance and rescue treatment; Helicobacter pylori rescue therapy; Helicobacter pylori and third line treatment; and fourth line therapy and Helicobacter pylori. After applying the inclusion and exclusion criteria, the selected articles were analyzed in two stages: first by two independent reviewers and later by the senior reviewer in order to minimize the possibility of errors and bias by the authors.
Information from articles selected and approved in both stages was extracted by reviewers independently to ensure reliable data detection and collection. A statistical analysis was performed from relevant data to the objective of this review to compare the results found in the studies. In addition to the analysis of eradication rates both by intention to treat (ITT) and per protocol (PP), a comparative analysis on adverse effects found in the different therapeutic approaches was also performed to assess their feasibility in clinical practice.
Due to the heterogeneity pool of objectives in the articles (most of them evaluated different classes or combinations of antibiotics), the level of evidence, grade rating, and bias analysis required in the PRISMA protocol could not be analyzed. Therefore, some items of the PRISMA checklist could not be applied. All articles selected according to our inclusion and exclusion criteria were included in this review, despite their PRISMA rating grade, evidence level, or bias. It was equally challenging to present their risk of bias, outcome level assessment, and strength of evidence, even with a two-phase analysis. Therefore, some of this information may be lacking in this review, but all articles included were analyzed in detail to minimize the inclusion of low evidence information.

Inclusion criteria
The present review included randomized or non-randomized clinical trials and observational studies that evaluated the efficacy of rescue therapies in refractory H. pylori infection published from 2014 onwards in the search platforms defined by the authors.

Exclusion criteria
Exclusion criteria adopted in the selection of articles of the present study were the following: studies with pediatric patients; studies exclusively with patients who had only one failed eradication attempt; studies including patients with two or more previous failed eradication therapies, in which eradication rates for these patients were not specified; studies that did not fully discriminate the therapeutic approach used; studies without evidence of infection by H. pylori using methods of high sensitivity and specificity (13C-UBT and/or biopsy); and studies in which there was no subsequent follow-up of patients.

RESULTS
Selection of articles
The initial search in the PubMed database resulted in 751 potential articles. After excluding those published before January 1, 2014, 362 articles remained. After temporal delimitation and reading the abstracts of the remaining articles, 271 articles did not contain relevant information about rescue treatment. Of the 91 remaining articles containing relevant information on rescue treatment, 38 were excluded after a double check with reviewers and the senior reviewer because they were duplicates and/or statistical information related to eradication rates of third-line and rescue therapies was lacking. Articles without data on adverse effects but with eradication rates were included in this review. At the end of this stage, 53 articles were selected for analysis and read in full by the authors. Finally, 25 articles were excluded in the final stage because they did not meet the inclusion criteria in full or met any of the exclusion criteria, leaving 28 articles for inclusion. The selection process is presented in the PRISMA diagram of included articles. PRISMA flow diagram reported in Figure 2.

Eradication rate
The different approaches used in the selected articles and their eradication rates can be seen in Table 1[13-40].
Among the 28 selected articles, different active principles and therapeutic approaches were used as rescue treatment, achieving different eradication rates. Twenty-one studies were selected for analysis of the mean eradication rate as third-line treatment. Regarding the analysis of mean eradication rates of rescue therapies, studies containing patients with two or more previous failed eradications were included; the 28 studies presented in Table 1 were used. The analysis of eradication rates of regimens used as third-line treatment and rescue therapy were stratified into three subgroups based on the therapeutic regimens used, namely triple therapy, quadruple therapy, and susceptibility-guided therapy (SGT). Note that in the analysis of mean eradication rates of therapies performed in our study, therapeutic regimens were not discriminated based on the duration and dosage of the drugs used. In the absence of studies evaluating the effectiveness of therapeutic approaches as fourth-line or more, the third-line was considered as rescue therapy.

Triple therapy: Eradication rates found for triple therapy as third-line treatment were 81.6% and 84.4% for rifabutin-based regimens, 79.4% and 81.5% for sitafloxacin-based regimens, 55.7 % and 60.6% for levofloxacin-based regimens, and 62.0% and 63.0% for metronidazole-based regimen by ITT and PP, respectively (Figure 3). Regarding triple therapy as rescue treatment, mean eradication rates of 75.4% and 78.8% were found for rifabutin-based regimens, 79.4% and 81.5% for sitafloxacin-based regimens, 55.7% and 60.6% for levofloxacin-based regimens, and 62.0% and 63.0% for metronidazole-based regimen by ITT and PP, respectively (Figure 4).

Quadruple therapy: Eradication rates found for quadruple therapy as third-line treatment were 69.2% and 72.1% for bismuth quadruple therapy (BQT), 88.9% and 90.9% for bismuth quadruple therapy, three-in-one Pylera® (BQT-Pylera®), and 61.3% and 64.2% for non-BQT by ITT and PP, respectively (Figure 5). Regarding quadruple therapy as rescue treatment, mean eradication rates of 76.7% and 79.2% were found for BQT, 84.9% and 87.8% for BQT-Pylera®, and 61.3% and 64.2% for non-BQT regimens by ITT and PP, respectively (Figure 6).

SGT: Eradication rates found for SGT as third-line treatment and rescue therapy were 75% and 79.2% by ITT and PP, respectively.

Adverse effects: From the reading of selected articles, information on adverse effects found in different therapeutic approaches was extracted, as shown in Table 2. The mean adverse effects rate for rifabutin-, sitafloxacin-, levofloxacin-, and metronidazole-based triple therapy in patients with two or more previous failed eradications was 53.70%, 52.36%, 13.93%, and 58.00%, respectively. With respect to adverse effects for BQT, BQT-Pylera, and non-BQT regimens, mean rates were 34.0%, 65.0%, and 45.0%, respectively. The safety of SGT was not evaluated in the present study since the choice of the therapeutic regimen was dependent on results obtained by susceptibility and genotypic resistance tests.

DISCUSSION
Given the high prevalence and incidence of H. pylori infection, its eradication is widely discussed in the current scenario. Even with very well-established criteria for eradicating the infection and treatment algorithms for choosing first-line and second-line regimens against H. pylori infection, therapeutic failure is still very frequent. Possible causes responsible for failure to eradicate H. pylori include factors related to the microorganism, host, or the treatment itself, such as poor adherence of patients because of adverse effects and complexity of therapeutic regimens[41-43]. Thus, it is necessary to establish safe, effective, and accessible third-line and rescue therapies for patients.
The Maastricht V/Florence Consensus states that after failure of a first-line therapy containing clarithromycin and BQT second-line, SGT or an empirical therapy based on fluoroquinolones should be used or a combination of different antibiotics with bismuth in regions with a profile of known fluoroquinolone resistance. In cases of failure of first-line treatment based on triple or quadruple therapy without bismuth and second-line treatment containing fluoroquinolones, the use of BQT as third-line is recommended. After failure to use BQT as first-line and therapy containing fluoroquinolones as second-line, the use of clarithromycin-based triple therapy or quadruple therapy is recommended. However, given the low level of evidence and recommendation of all these statements, their incorporation in clinical practice is difficult[12].

Triple therapy
Rifabutin: Rifabutin-based triple therapy regimens have been widely discussed as an alternative for the rescue treatment of H. pylori infection. In the present review, most rifabutin-based triple therapy regimens used rifabutin 300 mg (150 mg twice daily or 300 mg once daily) plus amoxicillin (variable daily dosage) and a proton pump inhibitor (PPI) (variable daily dosage) lasting 7-14 d. The mean overall eradication rate of these third-line regimens was 81.6% and 84.4% by ITT and PP, respectively. Regarding the use of rifabutin-based triple therapy as a rescue regimen, i.e. in patients with two or more previous failed eradications, the mean overall eradication rate was 75.4% and 78.8% by ITT and PP, respectively.
In the prospective study conducted by Lim et al[13], the effectiveness of rifabutin-based triple therapy was evaluated according to the PPI dosage. In this study, patients who received a rifabutin-based triple therapy regimen with higher doses of PPIs had eradication rates of 96.3% and 100% by ITT and PP, respectively, whereas patients who received standard dose PPIs showed eradication rates of 78.1% and 80.6% by ITT and PP, respectively. In turn, Mori et al[19] performed a comparative analysis between the duration of rifabutin-based triple therapy regimens. In this study, longer duration regimens had higher eradication rates compared to shorter duration regimens, and eradication ranged from 83.3% to 94.1% and from 81.8% to 91.7% by ITT and PP, respectively. Both studies were in line with the review performed by Gisbert et al[42], which suggested increasing the dose of PPIs and the duration of the therapeutic regimen as a strategy for optimizing rifabutin-based treatment.
On the other hand, in studies conducted by Ribaldone et al[32] and Saracino et al[35], lower eradication rates than those of the other studies included in the present review were found, with values of 71.5% and 68.5% by ITT and 72.7% and 56.1% by PP, respectively. These results corroborate the mean eradication rate found in the same study conducted by Gisbert et al[42] in 2020, in which, based on an analysis of 678 patients using rifabutin-based triple therapy, an eradication rate of 69% was found for this regimen as third-line treatment. Regarding rifabutin-based triple therapy as fourth-line treatment, in the prospective study by Hirata et al[36] from 2020, an association between amoxicillin, rifabutin, and vonoprazan (a competitive inhibitor of potassium) was used in patients who used sitafloxacin-based third-line. The eradication rate found by Hirata et al[36] was 100% by ITT and PP.
Regarding adverse effects related to rifabutin-based triple therapy, the literature presents controversial consequences of this regimen. In our review, an average of 53.7% of patients using this approach had at least one adverse effect. Although most cases are related to mild and transient adverse effects, such as gastrointestinal discomfort, there is a lot of divergence between studies. In therapies with prolonged use of rifabutin, for example, Mori et al[19] reported a high rate of adverse effects, with 94.1% of patients having at least one effect and discontinuation of treatment by 29.4% of patients. On the other hand, Ribaldone et al[32] reported that only 7.3% of patients had at least one adverse effect, and treatment was discontinued by 1.3% of patients. In addition, the use of rifabutin is associated with serious adverse effects such as myelotoxicity[41]. However, only one of the studies included in this review[19] presented patients with myelotoxicity, and 6.8% of patients had transient leukopenia with recovery of hematological patterns after 1 wk of treatment.
The mean eradication rates of rifabutin-based triple therapies found in the present review are encouraging. However, the heterogeneity of studies, whether related to eradication rates or adverse effects, makes it difficult to assess the real efficacy and safety of using rifabutin-based triple therapy as third-line treatment and rescue regimen. In addition, rifabutin is used mainly for the treatment of tuberculosis and other mycobacteria, especially in the context of immunodeficiency or HIV infection, and a possible acquisition of resistance to rifabutin is a limitation to its widespread use. Resistance to rifabutin has been reported in patients with low CD4 lymphocyte counts and when intermittent dosages were used[44]. Although the use of rifabutin in the management of refractory H. pylori infection involves a risk, rifabutin-based therapies act as an important alternative for third-line treatment and rescue regimens, especially in regions of previously known resistance to quinolones.

Sitafloxacin: Sitafloxacin is a quinolone with low minimum inhibitory concentration for H. pylori that has been used as rescue therapy[14]. In the present study, most sitafloxacin-based triple therapy regimens had a treatment regimen with sitafloxacin 200 mg (100 mg twice daily) plus amoxicillin (750 mg twice daily or 500 mg four times daily) or metronidazole (250 mg twice daily) and a PPI (variable daily dose) or vonoprazan (20 mg twice daily) for 7-14 d. The mean overall eradication rate of these regimens as third-line treatment was 79.4% and 81.5% by ITT and PP, respectively.
Although eradication rates in the studies included in the present review showed satisfactory results for the use of sitafloxacin-based triple therapy as third-line treatment, results were not homogeneous between studies. In a retrospective study, Saito et al[30] compared the efficacy of using sitafloxacin-based therapy associated with amoxicillin and esomeprazole or vonoprazan for 7 d as third-line treatment. In this study, the eradication rate found in the sitafloxacin-esomeprazole association was 54.2% and 56.5% by ITT and PP, respectively. The same therapeutic regimen was used in two other studies showing discrepant eradication rates. While in the prospective study by Hirata et al[23], eradication rates of 83.0% by ITT and PP were found, in the randomized clinical trial performed by Sue et al[31], eradication rates were 53.3% by ITT and 57.1% by PP.
In a systematic review[45] from 2021, 12 clinical trials were analyzed. A mean eradication rate of 80.6% was found for sitafloxacin-based therapies containing PPIs or vonoprazan for a period of 7 d, corroborating the findings in the present study. Regarding the heterogeneity of studies included in our review, discrepancies may be based on the presence of bacterial strains with mutation in the gyrA gene. Mutations in this gene are responsible for conferring resistance to quinolones, leading to a lower eradication rate. The relevance of the gyrA gene mutation status in eradication rates of quinolone-containing regimens was expressed in the review by Mori et al[46]. Thus, it is recommended to identify the mutation in the gyrA gene before using regimens containing quinolones such as sitafloxacin, especially in regions of known previous resistance to quinolones.
Although equivalent therapeutic regimens between different studies present heterogeneous eradication rates, there is agreement regarding no statistically significant difference between the efficacy of the association of sitafloxacin with metronidazole or amoxicillin and between 7-d and 10-d duration regimens. In two studies, eradication rates between regimens containing sitafloxacin-amoxicillin and sitafloxacin-metronidazole as third-line treatment were compared, finding similar results. Furuta et al[14] found eradication rates for the use of amoxicillin and metronidazole, respectively, of 84.1% and 90.9% by ITT and 86.4% and 90.9% by PP for 7-d regimens and 88.9% and 87.2% by ITT and 90.9% and 91.1% by PP for 14-d regimens. Similarly, for a 10-d regimen, Mori et al[20] found eradication rates of 81% and 72.4% by ITT and 82% and 76.4% by PP for amoxicillin and metronidazole, respectively. Regarding the duration of therapeutic regimens, in the present study, eradication rates of 73.1%, 78.3%, and 88.0% by ITT and 74.8%, 80.0%, and 91.0% by PP were found in regimens of 7 d, 10 d, and 14 d, respectively. Both the results related to the duration of regimens and the results related to the association of sitafloxacin with amoxicillin or metronidazole were in agreement with data presented by Mori et al[46] in a review conducted in 2020. In this study, eradication rates of 82.0% and 76.4% were found for 10-d regimens containing amoxicillin or metronidazole, respectively, with no statistically significant difference between therapeutic regimens. In addition, as in the present review, no statistically significant difference was found between eradication rates of sitafloxacin-based treatments in regimens of 7-d and 10-d duration. Thus, the choice between the association of sitafloxacin with amoxicillin or metronidazole should be based on the availability of drugs, knowledge of previously used regimens, and the presence of penicillin allergy. The choice of therapeutic regimens with a 7-d duration is also recommended to obtain greater adherence to treatment.
The present review also showed that triple therapy based on sitafloxacin plus vonoprazan is more effective than regimens containing conventional PPIs. Two studies conducted in 2019 compared the efficacy between regimens containing vonoprazan and regimens containing PPIs. Among 63 patients involved in one of the studies[31], 33 used a regimen containing vonoprazan and 31 used a regimen containing PPIs, with eradication rates of 75.8% by ITT and 83.3% by PP with the use of vonoprazan and 53.3% by ITT and 57.1% by PP with the use of PPIs. The superiority of vonoprazan in relation to PPIs was also observed in the study by Saito et al[30], in which, among 81 patients with two previous failed therapies, 93.0% of those who used vonoprazan obtained successful eradication of H. pylori, while with the use of esomeprazole, eradication rates were 54.2% by ITT and 56.5% by PP. In a review[45] from 2021, a comparative analysis between therapies containing PPIs or vonoprazan was performed, finding eradication rates of 70.1% and 88.9%, respectively, demonstrating the superiority of regimens containing vonoprazan. Therefore, the association of sitafloxacin with vonoprazan is recommended for greater treatment efficacy when available.
Regarding adverse effects related to sitafloxacin-based triple therapy, an overall adverse event rate of 52.4% was found in our review. However, most adverse effects found were mild and transient gastrointestinal disorders. The intensity and duration of these adverse effects were also evaluated in two reviews[45,46] that reported mild and transient effects. Therefore, the use of sitafloxacin-based regimens as third-line treatment may act as a safe and effective alternative for the eradication of refractory H. pylori infection.

Levofloxacin: The mean eradication rate found for levofloxacin-based triple therapy as third-line treatment was 55.7% by ITT and 60.6% by PP. This unsatisfactory eradication rate was homogeneous among studies included in the present review, with the exception of a non-randomized clinical trial[22] that compared the efficacy of levofloxacin-based regimens with 7-d, 10-d, and 14-d duration as third-line treatment. In this clinical trial, from the use of a levofloxacin-based triple therapy for a 14-d period, an eradication rate of 73.7% by ITT and 93.3% by PP was reported. However, for 7-d and 10-d regimens, eradication rates were 58.3% and 62.5% by ITT and 58.3% and 68.2% by PP, respectively. These unsatisfactory rates were also found by Okimoto et al[16] in 2014 and by Paoluzi et al[17] in 2015 (see Table 1).
In a prospective observational study[47], 500 patients in third-line treatment were followed, reporting an eradication rate of 75.0% for levofloxacin-based triple therapy, which was different from the findings of the present review. However, this divergence can be explained by the increasing resistance to levofloxacin, which acts as an important factor in the failure of therapeutic regimens, as demonstrated by the meta-analysis performed by Chen et al[21]. The overall adverse effect rate related to levofloxacin-based triple therapy found in our review was 13.9%. Most adverse effects related to levofloxacin-based triple therapy regimens reported gastrointestinal tract disturbances of mild intensity and transient nature. As in one of the studies[22] in the present review, the follow-up of treatment-related adverse effects was not performed, and it was not included in the overall mean rate of adverse effects. Therefore, the safety of this therapeutic regimen in a 14-d regimen has not been evaluated.
Although BQT is recommended as second-line treatment by most guidelines, levofloxacin-based triple therapy is proposed as a potential alternative by the Maastricht V/Florence Consensus[12]. In addition to being associated with a wide incidence of adverse effects, BQT is also difficult to use because of the availability of bismuth in different regions. The association of these factors, together with the efficacy and safety of levofloxacin-based second-line therapies demonstrated in the systematic review by Gisbert et al[48], allow the use of these regimens as second-line treatment in regions with no bismuth availability or in regions with previously known resistance to clarithromycin regimens. Thus, the use of levofloxacin-based triple therapy as a third-line treatment and rescue therapy is not recommended in 7-d and 10-d regimens given the possibility of its use as a second-line treatment and low treatment efficacy. In turn, 14-d regimens require randomized clinical trials for a more accurate assessment of the efficacy and safety of this regimen as third-line treatment and rescue therapy.

Quadruple therapy
BQT: In the present review, BQT regimens featured a treatment regimen with bismuth subcitrate (variable dose) plus a PPI (variable dose) and two antibiotics (amoxicillin, metronidazole, tetracycline, levofloxacin, furazolidone, and doxycycline, variable dose) with 7-14 d duration (see Table 1). The mean overall eradication rate of these third-line regimens was 69.2% by ITT and 72.1% by PP, with the mean overall rate of rescue treatment being 76.7% by ITT and 79.2% by PP.
In the multicenter observational study by Gisbert et al[15], the effectiveness and safety of BQT was investigated in 200 patients with two previous failed eradications with clarithromycin- and levofloxacin-based regimens. In this study, administration of a BQT regimen as third-line resulted in a common eradication rate of 65.0% by ITT and 67.0% by PP for regimens of 7 d, 10 d, and 14 d, with no increase in therapeutic efficacy with the extension of regimens. In contrast, in the study carried out by Nyssen et al[39], eradication rates of 66.0% by ITT and PP for a 10-d regimen and 82.0% by ITT and 83.0% by PP for a 14-d regimen were found, reporting an increase in therapeutic efficacy with prolonged regimens. An observational study by Hsu et al[49] reported eradication rates of 84.0% by ITT and PP for a 10-d BQT. Thus, the expansion of the effectiveness of therapeutic regimens based on their prolongation presents heterogeneous results among studies included in our review. More comparative studies should be performed with the objective of evaluating a possible optimization of regimens based on the increase in their duration.
In addition to this possible optimization of the quadruple therapy by increasing the regimen duration, the association of different antimicrobials, such as furazolidone proved to be effective, as demonstrated by Ji et al[37] and Liu et al[33] in 2020. Similarly, a non-inferiority randomized clinical trial[21] reported satisfactory and similar eradication rates between conventional BQT and an alternative BQT containing amoxicillin, although the alternative therapy reported better adherence and safety. These studies highlight the need to perform clinical trials comparing different combinations of antimicrobials in order to accurately assess the effectiveness of these regimens.
The evaluation of the efficacy of BQT regimens in our study showed heterogeneous results given the multiple antimicrobial combinations used in therapeutic regimens. The association of these different regimens, which were equivalently accounted to find the overall mean eradication rate of BQT, acts as a limitation of our study. Therefore, the use of BQT as third-line treatment and rescue therapy requires further investigation regarding the combination of antimicrobials and duration of regimens since in our review the mean eradication rates were unsatisfactory and heterogeneous.
In addition to the conventional use of BQT, the use of BQT-Pylera was also evaluated. In the present review, three-in-one quadruple therapy regimens featured a treatment regimen with Pylera® (140 mg potassium bismuth subcitrate, 125 mg metronidazole, 125 mg tetracycline, three capsules, 6/6 h) plus a PPI (variable dose) lasting 10-14 d. The mean overall eradication rate of this regimen as third-line was 88.9% and 90.9% by ITT and PP, respectively, while the mean overall rate of rescue treatment was 84.9% by ITT and 87.8% by PP.
In the study performed by Nyssen et al[39] in 2020, 222 patients with two previous failed eradications used BQT-Pylera for 10 d and 5 patients for 14 d, and eradication was observed in 88.0% of patients by ITT and PP, and 100% by ITT and PP, respectively. Both Rodríguez de Santiago et al[24] in 2017 and Saracino et al[35] in 2020 found similar eradication rates for the use of BQT-Pylera for a period of 10 d, with 80.2% and 87.5% by ITT and 84.4% and 91.3% by PP, respectively. Although eradication rates found in the present review are satisfactory, it is important to evaluate optimization strategies for these regimens.
The review performed by Liou et al[43] suggested the increase in the dose of PPIs and the prolongation of therapeutic approaches for 14-d regimens as optimization strategies for the treatment of refractory H. pylori infections. However, in our review, no statistical differences were observed in the use of these strategies for BQT-Pylera. The increase in the dose of PPI used was evaluated in the study by Rodríguez de Santiago et al[24], and it did not report results superior to those found by Saracino et al[35] in a regimen of equivalent duration. Regarding the prolongation of the therapeutic approach, even though the comparative evaluation performed by Nyssen et al[39] was encouraging, it had only 5 patients in the 14-d regimen. Hence, further comparative studies are needed to determine the most effective duration of this treatment regimen as triple and rescue therapy.
Regarding adverse effects of BQT, an overall rate of 34.0% was found in conventional therapy and a rate of 65.0% for BQT-Pylera. Among studies included in the present review, Rodríguez de Santiago et al[24] reported that 97.0% of patients had at least one adverse effect, and despite the high proportion, no impact was reported on treatment adherence related to these events. Note that most adverse effects found by the studies were mild and transient gastrointestinal disorders, which did not pose a significant limitation to the use of these therapeutic approaches. Thus, the use of BQT, either conventional or BQT-Pylera, is an effective and safe alternative for its use as rescue therapy. However, BQT is recommended by consensus[11,12] as second-line after failure of a first-line containing clarithromycin or as first-line in regions with clarithromycin resistance greater than 15%. Thus, the use of this approach as third-line, despite showing encouraging rates, is limited not only by the use of these therapies as first-line or second-line but also by the limited availability of bismuth salts in multiple regions.

Non-BQT: In the present review, non-BQT regimens featured a treatment regimen with a PPI (variable dose, see Table 1) plus amoxicillin (1 g, 12/12 h), metronidazole (variable dose, see Table 1), and tetracycline (variable dose, see Table 1) or doxycycline (100 mg, 12/12 h) for 14 d. The mean overall eradication rate of these regimens as third-line was 61.3% and 64.2% by ITT and PP, respectively.
In the clinical trial by Huang et al[29], the use of a non-BQT was analyzed in a sequential regimen with tetracycline in 27 patients, finding an eradication rate of 51.8% and 58.3% by ITT and PP, respectively. Ineffective eradication rates were also found by Liou et al[28] in a clinical trial from 2018. In this study, two clinical trials comparing quadruple therapies containing tetracycline or doxycycline were performed, resulting in eradication rates of 72.2% and 60.0% by ITT and 74.4% and 60.0% by PP, respectively. Regarding the safety of this therapeutic approach, the mean rate of adverse effects of 44.90% was found and most were mild and transient gastrointestinal effects.
Our results show that the use of non-BQT is safe but ineffective as third-line treatment. As only two studies with this therapeutic regimen were included in our review and none of them evaluated the use of this therapy in patients with three or more previous failed eradications, more clinical trials are needed for a more accurate assessment of the efficacy and safety of these regimens as third-line treatment and rescue therapy.

SGT
In the present review, SGT as third-line treatment had an overall mean eradication rate of 75.0% and 79.2% by ITT and PP, respectively, and these same values were found for the use of this therapy as rescue treatment. These findings, in turn, are in line with the systematic review performed by Puig et al[50], which found moderate results with a mean eradication rate of 72.0% by ITT and PP.
The reviews carried out by Liou et al[43] and Puig et al[50] agree with the recommendation of the Maastricht V/Florence Consensus, which suggests that SGT is recommended after failure of a second-line therapy whenever possible. However, both reviews have reservations regarding the use of this therapy as third-line treatment and as rescue therapy since the adoption of this regimen must account for the availability of tests, costs, and the patient’s preference. In addition to these limitations, comparative studies between SGT and empirical regimens are limited, acting as a further obstacle to assess the practical use of this therapeutic approach as third-line and rescue therapy.
Two studies[28,37] included in the present review concluded there is no superiority in the use of SGT compared to regimens based on drug history. In the randomized clinical trial performed by Liou et al[28], the effectiveness of an empirical quadruple therapy and an SGT was compared in two trials. In the first clinical trial, eradication rates of 81.0% and 60.0% by ITT and 80.0% and 60.0% by PP were found for SGT regimens and empirical therapy, respectively. In the second clinical trial, eradication rates were 78.0% and 72.2% by ITT and 78.4% and 74.4% by PP, for SGT regimens and empirical therapy, respectively, concluding the non-superiority of SGT compared to empirical therapy. In contrast, the comparative clinical trial developed by Huang et al[29] in 2018 found the superiority of SGT in relation to empirical therapy. In this study, the eradication rate of the group that performed susceptibility tests was 81.4% and 89.7% by ITT and PP, respectively, while for the empirical group, rates were 51.8% and 58.3% by ITT and PP, respectively.
Thus, although there are not enough comparative studies to determine the real effectiveness of SGT as rescue therapy and the results presented were heterogeneous, the present review agrees with the recommendation of the Maastricht V/Florence Consensus[12]. Even if results do not show superiority in relation to empirical therapy, the use of susceptibility and genotypic resistance tests should be performed whenever possible as they provide an alternative to the growing bacterial resistance to antimicrobials.

CONCLUSION
The present review highlighted the need to carry out a greater range of comparative studies on third-line treatment and rescue regimens in refractory H. pylori infection, given the increasing resistance to antimicrobials and reduction in eradication rates of therapeutic regimens. In view of recommendations of the Maastricht V/Florence Consensus, after two previous failed eradication attempts, our study also recommends performing susceptibility tests whenever possible. However, given the difficulties related to test availability, costs, and patient preference, this therapeutic approach is not always an option. Thus, the establishment of effective and safe empirical therapies is fundamental for the management of refractory H. pylori infection.
Among the therapeutic regimens evaluated as alternatives to third-line treatment and rescue therapy, rifabutin- or sitafloxacin-based triple therapies as well as BQT-Pylera were shown to be safe and effective. On the other hand, BQT or non-BQT and levofloxacin-based triple therapy did not present satisfactory eradication rates or presented limitations regarding their use. Therefore, although safe, their use in therapeutic management should be avoided. Note that studies related to BQT showed heterogeneous results, and further investigations regarding its use as third-line treatment and rescue therapy are necessary. Furthermore, it is also necessary to develop studies evaluating both the efficacy and the safety of regimens with levofloxacin for 14 d. As in the present review, encouraging results were found when using this regimen as third-line treatment.
From the comparison between therapeutic approaches that obtained satisfactory results as third-line treatment, the alternative with better eradication rates was the rifabutin-based triple therapy, with a mean overall eradication rate of 84.4% for third-line treatment. However, the use of rifabutin as third-line presents the risk of development of resistance by Mycobacterium tuberculosis as a possible limitation, and its use as third-line treatment and rescue therapy is encouraged in specific situations. Based on the encouraging results found in our study, triple therapy based on sitafloxacin containing vonoprazan is recommended as third-line treatment in regions with a low profile of macrolide resistance, and the association with amoxicillin or metronidazole should be based on availability of drugs, knowledge of previously used regimens, and the presence of allergy to penicillin since this approach had an eradication rate of at least 83.3%. Based on the promising results reported from the comparison between conventional PPIs and vonoprazan, it is important that new clinical trials are developed in order to assess the efficacy of regimens with different associations between antimicrobials and vonoprazan.
In regions with previously known resistance to macrolides or low availability of bismuth, quinolone-based therapies are used as second-line treatment, and the use of sitafloxacin-based therapies as third-line treatment and rescue therapy is not recommended. In these cases, rifabutin-based triple therapy should be used, and in cases of therapeutic failure, an evaluation of the susceptibility profile should be chosen. These recommendations can be seen in the recommendation diagram (Figure 7).
As a final consideration, despite the satisfactory mean eradication rates found with BQT-Pylera, BQTs are recommended by guidelines as second-line treatment after failure of a first-line containing clarithromycin or as first-line in regions with greater than 15% clarithromycin resistance, limiting its use as third-line treatment and rescue therapy. Note that the combination of three-in-one therapy drugs is related to the increase in positive outcomes in eradication, and this combination of BQT should be used instead of standardized BQTs as first- or second-line, when available.

ARTICLE HIGHLIGHTS
Research background
The eradication of Helicobacter pylori (H. pylori) is widely discussed given the high prevalence and incidence of its infection and since therapeutic failure is frequent establishing safe, effective, and accessible third-line and rescue therapies for patients in need of eradication is necessary in the management of such infection.

Research motivation
Even though eradication criteria and treatment algorithms for first-line and second-line therapy against H. pylori infection are well-established, there is no clear recommendation for third-line and rescue therapy in refractory H. pylori infection.

Research objectives
To evaluate the efficacy and safety of rescue therapies against refractory H. pylori infection and to establish safe, effective, and accessible third-line and rescue therapies for patients in need of eradication.

Research methods
A systematic search of available rescue treatments for refractory H. pylori infection was conducted on the National Library of Medicine’s PubMed search platform based on Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Different descriptors were used throughout the study for maximization of the database, namely: Helicobacter pylori multidrug resistance and rescue therapy; H. pylori multiresistant and rescue treatment; Helicobacter pylori multidrug resistance and rescue treatment; Helicobacter pylori rescue therapy; Helicobacter pylori and third line treatment; and fourth line therapy and Helicobacter pylori. Upon reliable data detection and collection, a statistical analysis was performed to compare eradication rates both by intention to treat and per protocol, and adverse effects found in the different therapeutic approaches to assess their feasibility in clinical practice.

Research results
Twenty-eight studies were included in the analysis of mean eradication rates as rescue therapy, and 21 of these were selected for mean eradication rate analysis as third-line treatment. Rifabutin-, sitafloxacin-, levofloxacin-, and metronidazole-based triple therapies, bismuth quadruple therapy (BQT), BQT, three-in-one, Pylera® (BQT-Pylera), non-BQT, and susceptibility-guided therapy were assessed. Furthermore, sitafloxacin-based and rifabutin-based triple therapies achieved higher efficacy than other therapeutic approaches.

Research conclusions
We managed to create a recommendation flowchart regarding rescue therapies in different situations, such as regions with previously known resistance to macrolides and in areas where bismuth is unavailable. These results can aid the clinical management of the H. pylori infection and furthermore prevent an increase in resistance rates to different antibiotics.

Research perspectives
New clinical trials should be developed in order to assess the efficacy of regimens with different associations between antimicrobials and vonoprazan, based on the promising results reported from the comparison between conventional proton pump inhibitors and vonoprazan.
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Figure Legends
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Figure 1 Therapeutic regimens recommended by Maastricht V/Florence consensus report as first-line and second-line treatment. PPI: Proton pump inhibitor.
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Figure 2 Preferred Reporting Items for Systematic reviews and Meta-Analyzes flow diagram. H. pylori: Helicobacter pylori.
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Figure 3 Third-line triple therapy eradication rates. A: Triple therapy as third line (per protocol); B: Triple therapy as third line (intention to treat).
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Figure 4 Triple therapy eradication rates as rescue treatment. A: Triple therapy as rescue treatment (per protocol); B: Triple therapy as rescue treatment (intention to treat).
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Figure 5 Third-line quadruple therapy eradication rates. A: Quadruple therapy as third-line treatment (per protocol); B: Quadruple therapy as third-line treatment (intention to treat). BQT: Bismuth quadruple therapy; N-BQT: Non-bismuth quadruple therapy.
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Figure 6 Quadruple therapy eradication rates as rescue treatment. A: Quadruple therapy as rescue treatment (per protocol); B: Quadruple therapy as rescue treatment (intention to treat). BQT: Bismuth quadruple therapy; N-BQT: Non-bismuth quadruple therapy.
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Figure 7 Recommendation diagram.


Table 1 Eradication rates by therapeutic regimen
	Yr
	Ref.
	Type of study
	Rescue therapy
	Duration
	Eradication rate

	2014
	Lim et al[13]
	Randomized clinical trial
	Group A: lansoprazole (30 mg, 12/12 h), amoxicillin (1 g, 8/8 h), and rifabutin 150 mg (12/12 h)
	7 d
	ITT: 78.1%; PP: 80.6%

	2014
	Lim et al[13]
	Randomized clinical trial
	Group B: lansoprazole (60 mg, 12/12 h), amoxicillin (1 g, 8/8 h), and rifabutin 150 mg (12/12 h)
	7 d
	ITT: 96.3%; PP: 100%

	2014
	Furuta et al[14]
	Randomized clinical trial
	RAS: rabeprazole (10 mg, 8/8 h or 12/12 h), amoxicillin (500 mg, 6/6 h), sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 84.1%; PP: 86.4%

	2014
	Furuta et al[14]
	Randomized clinical trial
	RAS: rabeprazole, amoxicillin (500 mg, 6/6 h), sitafloxacin (100 mg, 12/12 h)
	14 d
	ITT: 88.9%; PP: 90.9%

	2014
	Furuta et al[14]
	Randomized clinical trial
	RMS: rabeprazole, metronidazole (250 mg, 12/12 h), sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 90.9%; PP: 90.9%

	2014
	Furuta et al[14]
	Randomized clinical trial
	RMS: rabeprazole, metronidazole (250 mg, 12/12 h), sitafloxacin (100 mg, 12/12 h)
	14 d
	ITT: 87.2%; PP: 91.1%

	2014
	Gisbert et al[15]
	Prospective multicenter observational study
	PPI (standard dose, 12/12 h), bismuth subcitrate (120 mg 8/8 h or 240 mg, 12/12 h), tetracycline (250 mg, 6/6 h or 500 mg 8/8 h or 500 mg, 6/6 h), and metronidazole (250 mg, 8/8 h or 250 mg, 6/6 h or 500 mg, 8/8 h or 500 mg, 6/6 h)
	7-14 d
	ITT: 65.0%; PP: 67.0%

	2014
	Okimoto et al[16]
	Randomized clinical trial
	RAL: rabeprazole (10 mg, 12/12 h), amoxicillin (750 mg, 12/12 h), levofloxacin (500 mg, 24/24 h)
	10 d
	ITT: 45.8%; PP: 45.8%

	2014
	Okimoto et al[16]
	Randomized clinical trial
	RA: rabeprazole (10 mg, 6/6 h) and amoxicillin (500 mg, 6/6 h)
	14 d
	ITT: 40.7%; PP: 45.8%

	2015
	Paoluzi et al[17]
	Randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), levofloxacin (500 mg, 12/12 h), doxycycline (100 mg, 12/12 h)
	7 d
	ITT: 40.0%; PP: 43.0%

	2015
	Paoluzi et al[17]
	Randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), levofloxacin (500 mg, 12/12 h), doxycycline (100 mg, 12/12 h), Lactobacillus casei DG (24 billion units)
	7 d
	ITT: 54%; PP: 55%

	2016
	Muller et al[18]
	Non-randomized clinical trial
	Pylera® (140 mg potassium bismuth subcitrate, 125 mg metronidazole, 125 mg tetracycline, 6/6 h), omeprazole (20 mg, 12/12 h)
	10 d
	ITT: 83.0%; PP: 87.0%

	2016
	Mori et al[19]
	Randomized clinical trial
	Third-line: esomeprazole (20 mg, 6/6 h), amoxicillin (500 mg, 6/6 h), and rifabutin (300 mg, 24/24 h)
	10 d
	ITT: 83.3%; PP: 81.8%

	2016
	Mori et al[19]
	Randomized clinical trial
	Third-line: esomeprazole (20 mg, 6/6 h), amoxicillin (500 mg, 6/6 h), and rifabutin (300 mg, 24/24 h)
	14 d
	ITT: 94.1%; PP: 91.7%

	2016
	Mori et al[19]
	Randomized clinical trial
	Fourth-line: esomeprazole (20 mg, 6/6 h), amoxicillin (500 mg, 6/6 h), and rifabutin (300 mg, 24/24 h)
	10 d
	ITT: 77.9%; PP: 77.9%

	2016
	Mori et al[19]
	Randomized clinical trial
	Fourth-line: esomeprazole (20 mg, 6/6 h), amoxicillin (500 mg, 6/6 h), and rifabutin (300 mg, 24/24 h)
	14 d
	ITT:90.9%; PP: 90.9%

	2016
	Mori et al[20]
	Randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), amoxicillin (500 mg, 6/6 h), and sitafloxacin (100 mg, 12/12 h)
	10 d
	ITT: 81.0%; PP: 82.0%

	2016
	Mori et al[20]
	Randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), metronidazole (250 mg, 12/12 h), and sitafloxacin (100 mg, 12/12 h)
	10 d
	ITT: 72.4%; PP: 76.4%

	2016
	Chen et al[21]
	Randomized clinical trial
	Lansoprazole (30 mg, 12/12 h), potassium bismuth subcitrate (220 mg, 12/12 h), metronidazole (400 mg, 6/6 h), and amoxicillin (1 g, 8/8 h)
	14 d
	ITT: 88.5%; PP: 93.7%

	2016
	Chen et al[21]
	Randomized clinical trial
	Lansoprazole (30 mg, 12/12 h), potassium bismuth subcitrate (220 mg, 12/12 h), metronidazole (400 mg, 6/6 h), and tetracycline (500 mg, 6/6 h)
	14 d
	ITT: 87.2%; PP: 95.3%

	2016
	Noh et al[22]
	Non-randomized clinical trial
	PPI (standard dose, 12/12 h), levofloxacin (500 mg, 24/24 h), and amoxicillin (1 g, 12/12 h)
	7 d
	ITT: 58.3%; PP: 58.3%

	2016
	Noh et al[22]
	Non-randomized clinical trial
	PPI (standard dose, 12/12 h), levofloxacin (500 mg, 24/24 h), and amoxicillin (1 g, 12/12 h)
	10 d
	ITT: 62.5%; PP: 68.2%

	2016
	Noh et al[22]
	Non-randomized clinical trial
	PPI (standard dose, 12/12 h), levofloxacin (500 mg, 24/24 h), and amoxicillin (1 g, 12/12 h)
	14 d
	ITT: 73.7%; PP: 93.3%

	2016
	Hirata et al[23]
	Non-randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), amoxicillin (750 mg, 12/12 h), sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 83.0%; PP: 83.0%

	2017
	Rodríguez de Santiago et al[24]
	Multicenter observational prospective study
	Pylera® (140 mg potassium bismuth subcitrate, 125 mg metronidazole, 125 mg tetracycline, 3 capsules, 6/6 h) and esomeprazole (40 mg, 12/12 h) or omeprazole (40 mg, 12/12 h)
	10 d
	ITT: 80.2%; PP: 84.4%

	2017
	Costa et al[25]
	Single-center observational retrospective study
	SGT
	-
	ITT: 59.5%; PP: 61.5%

	2017
	Puig et al[26]
	Multicenter observational prospective study
	Esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 8/8 h), and metronidazole (500 mg, 8/8 h)
	14 d
	ITT: 62.0%; PP: 63.0%

	2018
	Fiorini et al[27]
	Non-randomized clinical trial
	Esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 12/12 h), rifabutin (150 mg, 24/24 h)
	12 d
	PP: 87.9%

	2018
	Liou et al[28]
	Randomized clinical trial
	Clinical trial 1: sequential susceptibility-guided therapy: esomeprazole (40 mg, 12/12 h) and amoxicillin (1 g, 12/12 h), for the first 7 d followed by metronidazole (500 mg, 12/12 h) and levofloxacin (250 mg, 12/12 h) or clarithromycin (500 mg, 12/12 h) or doxycycline (100 mg, 12/12 h), for another 7 d. Sequential empirical therapy: esomeprazole (40 mg, 12/12 h) and amoxicillin (1 g, 12/12 h) for the first 7 d, followed by metronidazole (500 mg, 12/12 h) and doxycycline (100 mg, 12/12 h), for another 7 d
	14 d
	SGT ITT: 81.0%, PP: 80.0%; Sequential empirical therapy ITT: 60.0%, PP: 60.0%

	2018
	Liou et al[28]
	Randomized clinical trial
	Clinical trial 2: sequential SGT: esomeprazole (40 mg, 12/12 h) and amoxicillin (1 g, 12/12 h) for the first 7 d followed by metronidazole (500 mg, 12/12 h) and levofloxacin (250 mg, 12/12 h) or clarithromycin (500 mg, 12/12 h) or tetracycline (500 mg, 12/12 h) for another 7 d. Sequential empirical therapy: esomeprazole (40 mg, 12/12 h) and amoxicillin (1 g, 12/12 h) for the first 7 d followed by metronidazole (500 mg, 12/12 h) and tetracycline (100 mg, 12/12 h) for another 7 d
	14 d
	SGT ITT: 78.0%, PP: 78.4%; Sequential empirical therapy ITT: 72.2%, PP: 74.4%

	2018
	Huang et al[29]
	Non-randomized clinical trial
	SGT: esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 12/12 h) and tetracycline (500 mg, 6/6 h) or metronidazole (500 mg, 8/8 h) or levofloxacin (500 mg, 24/24 h)
	14 d
	ITT: 81.4%; PP: 89.7%

	2018
	Huang et al[29]
	Non-randomized clinical trial
	Empirical quadruple therapy: esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 12/12 h), tetracycline (500 mg, 6/6 h), and metronidazole (500 mg, 8/8 h)
	14 d
	ITT: 51.8%; PP: 58.3%

	2019
	Saito et al[30]
	Non-randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), amoxicillin (750 mg, 12/12 h), and sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 54.2%; PP: 56.5%

	2019
	Saito et al[30]
	Non-randomized clinical trial
	Vonoprazan (20 mg, 12/12 h), amoxicillin (750 mg, 12/12 h), and sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 93.0%; PP: 93.0%

	2019
	Sue et al[31]
	Randomized clinical trial
	Vonoprazan (20 mg, 12/12 h) amoxicillin 750 mg, (12/12 h), and sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 75.8%; PP: 83.3%

	2019
	Sue et al[31]
	Randomized clinical trial
	Lansoprazole (30 mg, 12/12 h) or rabeprazole (10 mg, 12/12 h) or esomeprazole (20 mg, 12/12 h), amoxicillin (750 mg, 12/12 h), and sitafloxacin 100 mg, 12/12 h)
	7 d
	ITT: 53.3%; PP: 57.1%

	2019
	Ribaldone et al[32]
	Non-randomized clinical trial
	Fifth-line: rifabutin (150 mg, 12/12 h), amoxicillin (1 g, 12/12 h), and omeprazole (20 mg, 12/12 h), esomeprazole (40 mg, 12/12 h), pantoprazole (40 mg, 12/12 h) rabeprazole (40 mg, 12/12 h), or lansoprazole (30 mg, 12/12 h)
	14 d
	ITT: 71.5%; PP: 72.7%

	2020
	Liu et al[33]
	Single center observational retrospective study
	Lactobacilli acidophilus (1g, 8/8 h), esomeprazole (20mg, 12/12 h), potassium bismuth subcitrate (220 mg, 12/12 h), tetracycline (750 mg, 12/12 h), and furazolidone (100 mg, 12/12 h)
	Lactobacilli acidophilus for 14 d and the others for 10 d
	ITT: 92.0%; PP: 91.8%

	2020
	Sugimoto et al[34]
	Single center observational retrospective study
	Vonoprazan (20mg, 12/12 h), amoxicillin (500 mg, 6/6 h), and sitafloxacin (100 mg, 12/12 h)
	7 d
	ITT: 87.5%; PP: 87.5%

	2020
	Saracino et al[35]
	Single center observational retrospective study
	Third-line: esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 12/12 h), and rifabutin (150 mg, 24/24 h)
	12 d
	ITT: 56.1%; PP: 68.5%

	2020
	Saracino et al[35]
	Single center observational retrospective study
	Fourth-line: esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 12/12 h), and rifabutin (150 mg, 24/24 h)
	12 d
	ITT: 54.5%; PP: 63.1%

	2020
	Saracino et al[35]
	Single center observational retrospective study
	Fifth-line or more: esomeprazole (40 mg, 12/12 h), amoxicillin (1 g, 12/12 h), and rifabutin (150 mg, 24/24 h)
	12 d
	ITT: 24.4%; PP: 30.3%

	2020
	Saracino et al[35]
	Single center observational retrospective study
	Third-line: Pylera® (140 mg potassium bismuth subcitrate, 125 mg metronidazole, 125 mg tetracycline, 6/6 h) and esomeprazole (20 mg, 12/12 h)
	10 d
	ITT: 87.5%; PP: 91.3%

	2020
	Saracino et al[35]
	Single center observational retrospective study
	Fourth-line: Pylera® (140 mg potassium bismuth subcitrate, 125 mg de metronidazole, 125 mg tetracycline, 3 capsules, 6/6 h) and esomeprazole (20 mg, 12/12 h)
	10 d
	ITT: 83.9%; PP: 89.6%

	2020
	Saracino et al[35]
	Single center observational retrospective study
	Fifth-line or more: Pylera® (140 mg potassium bismuth subcitrate, 125 mg metronidazole, 125 mg tetracycline, 3 capsules, 6/6 h) and esomeprazole (20 mg, 12/12 h)
	10 d
	ITT: 71.9%; PP: 74.2%

	2020
	Hirata et al[36]
	Non-randomized clinical trial
	Fourth-line: vonoprazan (20 mg, 12/12 h), amoxicillin (750 mg, 12/12 h), and rifabutin (150 mg, 12/12 h)
	10 d
	ITT: 100.0%; PP: 100.0%

	2020
	Ji et al[37]
	Randomized clinical trial
	Susceptibility-guided quadruple therapy: rabeprazole (10 mg, 12/12 h), colloidal bismuth (200 mg, 12/12 h), 2 sensitive antibiotics
	14 d
	PP: 86.49%

	2020
	Ji et al[37]
	Randomized clinical trial
	Rabeprazole (10 mg, 12/12 h), colloidal bismuth (200 mg, 12/12 h), amoxicillin (1 g, 12/12 h), levofloxacin (500 mg, 24/24 h), or furazolidone (100 mg, 12/12 h)
	14 d
	PP: 82.4%

	2020
	Mori et al[38]
	Non-randomized clinical trial
	Esomeprazole (20 mg, 12/12 h), amoxicillin (500 mg, 6/6 h), and sitafloxacin (100 mg, 12/12 h)
	10 d
	ITT: 81.6%; PP: 81.6%

	2020
	Nyssen et al[39]
	Multicentric observational retrospective study
	Bismuth and tetracycline-based quadruple therapy: PPI, bismuth salts (120 mg, 6/6 h or 240 mg, 12/12 h), metronidazole (500 mg, 8/8 h), and tetracycline (500 mg, 6/6 h)
	10 d
	ITT: 66.0%; PP: 66.0%

	2020
	Nyssen et al[39]
	Multicentric observational retrospective study
	Bismuth and tetracycline-based quadruple therapy: PPI, bismuth salts (120 mg, 6/6 h or 240 mg, 12/12 h), metronidazole (500 mg, 8/8 h), and tetracycline (500 mg, 6/6 h)
	14 d
	ITT: 82.0%; PP: 83.0%

	2020
	Nyssen et al[39]
	Multicentric observational retrospective study
	Bismuth and doxycycline-based quadruple therapy: PPI, bismuth salts (120 mg, 6/6 h or 240 mg, 12/12 h), metronidazole (500 mg, 8/8 h), and doxycycline (100 mg, 12/12 h)
	10 d
	ITT: 63.0%; PP: 63.0%

	2020
	Nyssen et al[39]
	Multicentric observational retrospective study
	Bismuth and doxycycline-based quadruple therapy: PPI, bismuth salts (120 mg, 6/6 h or 240 mg, 12/12 h), metronidazole (500 mg, 8/8 h), and doxycycline (100 mg, 12/12 h)
	14 d
	ITT: 70.0%; PP: 71.0%

	2020
	Nyssen et al[39]
	Multicentric observational retrospective study
	Bismuth-based quadruple therapy, three-in-one, Pylera®: PPI and Pylera®
	10 d
	ITT: 88.0%; PP: 88.0%

	2020
	Nyssen et al[39]
	Multicentric observational retrospective study
	Bismuth-based quadruple therapy, three-in-one, Pylera®: PPI and Pylera®
	14 d
	ITT: 100.0%; PP: 100.0%

	2020
	Kuo et al[40]
	Non-randomized clinical trial
	Rifabutin (150 mg, 12/12 h), amoxicillin (1 g, 12/12 h), and esomeprazole (40 mg, 12/12 h)
	10 d
	ITT: 77.5%; PP: 79.5%


ITT: Intention to treat; PP: Per protocol; PPI: Proton pump inhibitor; RAS: Rabeprazole, amoxicillin, and sitafloxacin; RMS: Rabeprazole, metronidazole, and sitafloxacin; SGT: Susceptibility-guided therapy.


Table 2 Adverse effects
	Ref.
	Therapeutic scheme
	Adverse effects, n
	Total rate

	Okimoto et al[16], 2014
	Dual therapy: rabeprazole and amoxicillin
	n = 24. Loose stools/diarrhea: 5 (20.8%); nausea: 1 (4.2%); skin rash: 0 (0%)
	25%

	Okimoto et al[16], 2014
	Triple therapy: rabeprazole, amoxicillin, and levofloxacin
	n = 24. Loose stools/diarrhea: 5 (20.8%); nausea: 0 (0%); skin rash: 1 (4.2%)
	25%

	Lim et al[13], 2014
	Triple therapy: lansoprazole, amoxicillin, and rifabutin
	Group A (n = 32). Epigastric pain: 3 (9.3%); epigastric discomfort: 2 (6.2%); asthenia: 1 (3.1%); nausea: 1 (3.1%); change in urine color: 1 (3.1%); drowsiness: 1 (3.1%); lip discomfort: 1 (3.1%); treatment was discontinued because of adverse effects: 1 (3.1%)
	15.5%

	Lim et al[13], 2014
	Triple therapy: lansoprazole, amoxicillin, and rifabutin
	Group B (n = 27). Epigastric pain: 1 (3.7); epigastric discomfort: 1 (3.7); asthenia: 0 (0%); nausea: 1 (3.7); urine color change: 0 (0%); drowsiness: 0 (0%), lip discomfort: 0 (0%)
	

	Furuta et al[14], 2014
	Triple therapy: rabeprazole, sitafloxacin, and amoxicillin or metronidazole
	RAS, 7 d (n = 44). Diarrhea: 9 (20.4%); loose stools: 20 (45.4%)
	65.9%

	Furuta et al[14], 2014
	Triple therapy: rabeprazole, sitafloxacin, and amoxicillin or metronidazole
	RAS, 14 d (n = 45). Diarrhea: 12 (26.6%); loose stools: 17 (37.7%)
	64.4%

	Furuta et al[14], 2014
	Triple therapy: rabeprazole, sitafloxacin, and amoxicillin or metronidazole
	RMS, 7 d (n = 44). Diarrhea: 8 (18.2%); loose stools: 17 (38.6%)
	56.8%

	Furuta et al[14], 2014
	Triple therapy: rabeprazole, sitafloxacin, and amoxicillin or metronidazole
	RMS, 14 d (n = 47). Diarrhea: 12 (25.5%); loose stools: 26 (55.3%)
	86.3%

	Paoluzi et al[17], 2015
	Triple therapy: esomeprazole, levofloxacin, and doxycycline
	n = 142. Swelling:; flavor perversion; mild diarrhea; treatment was discontinued because of adverse effects: 1 (0.7%)
	7.7%

	Mori et al[19], 2016
	Triple therapy: esomeprazole, amoxicillin, and rifabutin
	10-d group (n = 12). Fever: 2 (16.6%); diarrhea: 0 (0%); headache: 3 (25%); liver dysfunction: 2 (16.6%); loose stools: 2 (16.6%); urine discoloration: 1 (8.3%); allergy: 1 (8.3%); leukopenia: 1 (8.3%); stomatitis: 1 (8.3%); dysgeusia: 1 (8.3%); vertigo: 0 (0%); fatigue: 0 (0%); photophobia: 0 (0%); treatment was discontinued because of adverse effects: 1 (8.3%)
	75%

	Mori et al[19], 2016
	Triple therapy: esomeprazole, amoxicillin, and rifabutin
	14-d group (n = 17). Fever: 6 (35%); diarrhea: 5 (29.4%); headache: 3 (17.7%); liver dysfunction: 3 (17.7%); loose stools: 2 (11.8%); urine discoloration: 3 (17.7%); allergy: 2 (11.8%); leukopenia: 1 (5.9%); stomatitis: 0 (0%); dysgeusia: 0 (0%); vertigo: 1 (5.9%); fatigue: 1 (5.9%); photophobia: 1 (5.9%); treatment was discontinued because of adverse effects: 5 (29.4%)
	94.1%

	Mori et al[20], 2016
	Triple therapy: esomeprazole, amoxicillin, and sitafloxacin
	EAS (n = 63). Diarrhea: 11 (17.5%); loose stools: 9 (14.2%); constipation: 1 (1.5%); abdominal pain: 3 (4.8%); dyspepsia: 2 (3.2%); dysgeusia: 7 (11.1%); stomatitis: 3 (4.8);; allergy: 2 (3.2%); pruritus: 1 (1.5%); headache: 0 (0%); fatigue: 1 (1.5%); fever: 0 (0%); treatment was discontinued because of adverse effects: 1 (1.5%)
	47.6%

	Mori et al[20], 2016
	Triple therapy: esomeprazole, metronidazole, and sitafloxacin
	EMS (n = 58). Diarrhea: 15 (25.8%); loose stools: 8 (13.8%); constipation: 2 (3.4%); abdominal pain: 2 (3.4%); dyspepsia: 1 (1.7%); dysgeusia: 5 (8.6%); stomatitis: 2 (3.4%); ; allergy: 1 (1.7%); pruritus: 1 (1.7%); headache: 2 (3.4%); fatigue: 0; fever: 1 (1.7%); treatment was discontinued because of adverse effects: 1 (1.7%)
	51.7%

	Noh et al[22], 2016
	Triple therapy: PPI, amoxicillin, and levofloxacin
	-
	-

	Hirata et al[23], 2016
	Triple therapy: esomeprazole, amoxicillin, and sitafloxacin
	n = 30. Diarrhea: 5 (15.7%); rash: 1 (3.3%); asthma attack: 1 (3.3%); stomatitis: 1 (3.3%); cystitis: 1 (3.3%)
	26.6%

	Puig et al[26], 2017
	Triple therapy: esomeprazole, amoxicillin, and metronidazole
	n = 68. Diarrhea: 13 (20.0%); swelling: 3 (4.0%); dyspepsia: 14 (21.0%); taste disturbance: 23 (35.0%); nausea/vomiting: 10 (15.0%); asthenia: 4 (6.0%); others: 3 (4.0%); treatment was discontinued because of adverse effects: 2 (3.0%)
	58.0%

	Fiorini et al[27], 2018
	Triple therapy: esomeprazole, amoxicillin, and rifabutin
	n = 254. Nausea or vomiting: 6 (2.5%); abdominal pain: 13 (5.4%); mild diarrhea: 12 (5.1%); headache: 4 (1.6%); itching: 4 (1.6%); taste change: 4 (1.6%); myalgia: 1 (0.5%)
	18.3%

	Saito et al[30], 2019
	Triple therapy: esomeprazole, amoxicillin, and sitafloxacin
	-
	-

	Saito et al[30], 2019
	Triple therapy: vonoprazan, amoxicillin, and sitafloxacin
	-
	-

	Sue et al[31], 2019
	Triple therapy: vonoprazan, amoxicillin, and sitafloxacin
	n = 33. Diarrhea: 16 (50%); dysgeusia: 5 (15%); nausea: 1 (4%); anorexia: 3 (8%); abdominal pain: 5 (15%); heartburn: 6 (19%); headache: 4 (12%); eructations: 12 (35%); general malaise: 5 (16%); abdominal swelling: 12 (35%); urticaria: 3 (8%); treatment was suspended because of adverse effects: 2 (6.0%)
	-

	Sue et al[31], 2019
	Triple therapy: lansoprazole or rabeprazole or esomeprazole, amoxicillin, and sitafloxacin
	n = 30. Diarrhea: 15 (51%); dysgeusia: 5 (17%); nausea: 5 (17%); anorexia: 4 (13%); abdominal pain: 6 (21%); heartburn: 4 (13%); headache: 2 (8%); eructations: 2 (8%); general malaise: 2 (8%); abdominal swelling: 6 (21%); urticaria: 2 (8%)
	-

	Ribaldone et al[32], 2019
	Triple therapy: omeprazole or esomeprazole or pantoprazole or rabeprazole or lansoprazole, amoxicillin, and rifabutin
	n = 302. Abdominal/epigastric pain: 9 (3.0%); nausea/vomiting: 7 (2.3%); diarrhea: 2 (0.7%); fatigue: 1 (0.3%); headache: 1 (0.3%); oral candidiasis: 1 (0.3%); allergy: 1 (0.3%); treatment was discontinued because of adverse effects: 4 (1.3%)
	7.3%

	Sugimoto et al[34], 2020
	Triple therapy: vonoprazan, amoxicillin, and sitafloxacin
	n = 32. Diarrhea: 4 (12.5%); loose stools: 2 (6.2%); abdominal pain: 2 (6.2%); allergic reaction: 0 (0%); others: 1 (3.1%)
	28.1%

	Saracino et al[35], 2020
	Triple therapy: esomeprazole, amoxicillin, and rifabutin
	n = 270. Diarrhea: 21 (9.3%); abdominal pain: 20 (8.8%); nausea: 17 (7.7%); headache: 15 (6.6%); dyspepsia: 14 (6.0%); treatment was discontinued because of adverse effects: 3 (1.3%)
	46.4%

	Saracino et al[35], 2020
	BQT-Pylera: Pylera® and esomeprazole
	n = 153. Nausea: 43 (29.7); drowsiness: 35 (24.1%); asthenia: 33 (22.8%); dyspepsia: 28 (19.3%); diarrhea: 26 (17.9%); treatment was discontinued because of adverse effects: 8 (5.2%)
	65.5%

	Hirata et al[36], 2020
	Triple therapy: vonoprazan, amoxicillin, and rifabutin 
	n = 19. Diarrhea: 4 (21.0%); headache: 1 (5.2%); taste change: 1 (5.2%); ear fullness: 1 (5.2%)
	42.0%

	Gisbert et al[15], 2014
	BQT: Bismuth, PPI, tetracycline, and metronidazole
	n = 192. Nausea: 24 (12%); abdominal pain: 22 (11%); metallic taste: 17 (8.5%); diarrhea: 16 (8%); asthenia: 15 (7.5%); vomiting: 13 (6.5%); headache: 2 (1%); oral injury: 1 (0.5%); dizziness: 1 (0.5%); myalgia: 1 (0.5%)
	22.0%

	Chen et al[21], 2016
	BQT: bismuth, lansoprazole, metronidazole, and amoxicillin
	n = 156. Flavor distortion: 2 (1.3%); dyspepsia: 2 (1.3%); nausea: 30 (19.2%); vomiting: 4 (2.6%); abdominal pain: 1 (0.7%); swelling: 8 (5.1%); diarrhea: 1 (0.7%); dizziness: 10 (6.4%); headache: 2 (1.3%); skin rash: 3 (1.9%); fatigue: 2 (1.3%); fever: 1 (0.7%); treatment was discontinued because of adverse effects: 8 (5.2%)
	34.0%

	Rodríguez de Santiago et al[24], 2017
	BQT-Pylera: Pylera® and esomeprazole or omeprazole
	n = 101. Dyspepsia: 43 (43.9%); asthenia: 35 (35.7%); dysgeusia: 34 (34.7%); nausea: 26 (26.5%); abdominal pain: 25 (25.5%); abdominal swelling: 20 (20.4%); hyporexia: 19 (19.4%); diarrhea: 14 (14.3%); headache: 13 (13.3%); myalgia: 13 (13.3%); heartburn: 7 (7.1%); flatulence: 8 (8.1%); urticaria/eczema: 5 (5.1%); paresthesia: 4 (4.1%); arthralgia: 4 (4.1%); drowsiness: 3 (3.1%); cough: 3 (3.1%); depression: 3 (3.1%); oral aphthous ulcers: 2 (2.7%); itching: 2 (2.7%); mucous candidiasis: 2 (2.7%); insomnia: 1 (1.4%); constipation: 1 (1.4%); hypertensive crisis: 1 (1.4%)
	67.3%

	Huang et al[29], 2018
	N-BQT: esomeprazole, amoxicillin, tetracycline, and metronidazole
	n = 24. Abdominal pain: 3 (12.5%); nausea/vomiting: 3 (12.5%); constipation: 1 (4.2%); dizziness: 1 (4.2%); headache: 1 (4.2%); skin rash: 0 (0%); diarrhea: 0 (0%)
	29.2%

	Huang et al[29], 2018
	Susceptibility-guided therapy
	n = 39, Abdominal pain: 3 (7.7%); nausea/vomiting: 3 (7.7%); constipation: 2 (5.1%); dizziness: 0 (0%); headache: 1 (2.6%); skin rash: 1 (2.6%); diarrhea: 0 (0%)
	25.6%

	Liu et al[33], 2020
	BQT: bismuth, esomeprazole, tetracycline, furazolidone, and Lactobacillus acidophilus
	n = 50. Loose stools: 1 (2.0%); dizziness: 4 (8.0%); skin rash: 2 (4.0%); foot joint pain: 1 (2.0%); dry mouth: 3 (6.0%)
	20.0%

	Ji et al[37], 2020
	BQT: bismuth, rabeprazole, amoxicillin, levofloxacin or furazolidone
	n = 191. Abdominal pain: 4 (2.09%); constipation: 2 (1.04%); nausea: 11 (5.7); diarrhea: 5 (2.6%); flatulence: 7 (3.6%); skin rash: 5 (2.6%); pruritus: 1 (0.5%); dysgeusia: 1 (0.5%); headache: 3 (1.6%); anorexia: 0 (0%); dizziness: 8 (4.1%); dyspepsia: 6 (3.1%); drowsiness: 0 (0%); Fever: 2 (1.0%); paresthesia: 1 (0.5%); tachycardia: 2 (1.0%); vomiting: 1 (0.5%); fatigue: 2 (1.0%); suspended treatment because of adverse effects: 6 (3.1%)
	20.4%

	Ji et al[37], 2020
	Susceptibility-guided therapy
	n = 163. Abdominal pain: 8 (4.9%); constipation: 2 (1.2%); nausea: 10 (6.2%); diarrhea: 3 (1.8%); flatulence: 9 (5.5%); skin rash: 2 (1.2%); pruritus: 3 (1.8%); dysgeusia: 6 (3.7%); headache: 2 (1.2%); anorexia: 1 (0.6%); dizziness: 3 (1.8%); dyspepsia: 1 (0.6%); drowsiness: 1 (0.6%); fever: 1 (0.6%); paresthesia: 0 (0%); tachycardia: 0 (0%); vomiting: 0 (0%); fatigue: 0 (0%); treatment was discontinued because of adverse effects: 2 (1.2%)
	23.3%

	Nyssen et al[39], 2020
	BQT-Pylera: Pylera® and PPI
	n = 275. Nausea: 45 (16.0%); metallic taste: 13 (4.7%); diarrhea: 44 (16.0%); vomiting: 27 (9.8%); fatigue: 33 (12.0%); abdominal pain: 22 (8.0%); anorexia: 32 (12.0%)
	42.0%

	Nyssen et al[39], 2020
	BQT: bismuth, PPI, metronidazole, and tetracycline
	n = 85.  nausea: 35 (41.0%); metallic taste: 30 (35.0%); diarrhea: 22 (26.0%); vomiting: 15 (18.0%); fatigue: 10 (12.0%); abdominal pain: 5 (5.9%); anorexia: 6 (7.1%)
	52.0%

	Nyssen et al[39], 2020
	BQT: bismuth, PPI, metronidazole, and doxycycline
	n = 94. nausea: 12 (13.0%); metallic taste: 5 (5.3%); diarrhea: 3 (3.2%); vomiting: 3 (3.2%); fatigue: 4 (4.3%); abdominal pain: 4 (4.3%); anorexia: 0 (0%)
	30.0%

	Costa et al[25], 2017
	Susceptibility-guided therapy
	n = 42. Abdominal pain: 7 (16.7%); diarrhea: 5 (11.9%); nausea: 4 (9.5%); vomiting: 3 (7.1%); change in taste sensation: 1 (2.3%); treatment was discontinued because of adverse effects: 2 (4.7%)
	35.7%

	Liou et al[28], 2018
	Susceptibility-guided therapy
	Clinical Trial 1 (n = 21). Rash: 0 (0%); dizziness: 4 (19.0%); headache: 1 (4.8%); taste distortion: 0 (0%); swelling: 1 (4.8%); abdominal pain: 0 (0%); nausea: 1 (4.8%); vomiting: 0 (0.0%); diarrhea: 2 (9.5%); constipation: 0 (0.0%)
	42.9%

	Liou et al[28], 2018
	Susceptibility-guided therapy
	Clinical Trial 2 (n = 202). Skin rash: 5 (2.5%); dizziness: 25 (12.4%); headache: 8 (4.0%); taste distortion: 7 (3.5%); swelling: 22 (10.9%); abdominal pain: 9 (4.5%); nausea: 38 (18.8%); vomiting: 14 (6.9%); diarrhea: 4 (2.0%); constipation: 1 (0.5%)
	 51.0%

	Liou et al[28], 2018
	N-BQT: esomeprazole, amoxicillin, metronidazole, and tetracycline
	Clinical Trial 2 (n = 202). Skin rash: 3 (1.5%); dizziness: 18 (8.9%); headache: 11 (5.5%); taste distortion: 9 (4.5%); swelling: 11 (5.5%); abdominal pain: 6 (3.0%); nausea: 30 (14.9%); vomiting: 6 (3.0%); diarrhea: 14 (6.9%); constipation: 4 (2.0%)
	50.5%

	Liou et al[28], 2018
	N-BQT: esomeprazole, amoxicillin, metronidazole, and doxycycline
	Clinical Trial 1 (n = 20). Rash: 0 (0%); dizziness: 3 (15.0%); headache: 2 (10.0%); taste distortion: 1 (5.0%); swelling: 0 (0%); abdominal pain: 2 (10.0%); nausea: 1 (5.0%); vomiting: 0 (0%); diarrhea: 3 (15.0%); constipation: 1 (5.0%)
	55.0%


BQT: Bismuth quadruple therapy; EAS: Esomeprazole, amoxicillin, and sitafloxacin; EMS: Esomeprazole, metronidazole, and sitafloxacin; N-BQT: Non-bismuth quadruple therapy; PPI: Proton pump inhibitor; RAS: Rabeprazole, amoxicillin, and sitafloxacin; RMS: Rabeprazole, metronidazole, and sitafloxacin.
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