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Abstract
[bookmark: OLE_LINK172][bookmark: OLE_LINK176]AIM: To access the efficacy of combination with amoxicillin and tetracycline for eradication of Helicobacter pylori (H. pylori), thus providing clinical practice guidelines.

[bookmark: OLE_LINK82][bookmark: OLE_LINK83]METHODS: PubMed, EMBASE, Cochrane Central Register of Controlled Trials, Science Citation Index, China National Knowledge Infrastructure, Wanfang, and Chinese Biomedical Literature databases and abstract books of major European, American, and Asian gastroenterological meetings were searched. All clinical trials that examined the efficacy of H. pylori eradication therapies and included both tetracycline and amoxicillin in one study arm were selected for this systematic review and meta-analysis. Statistical analysis was performed with Comprehensive Meta-Analysis Software (Version 2). Subgroup, meta-regression, and sensitivity analyses were also carried out. 

[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK141][bookmark: OLE_LINK144][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK139][bookmark: OLE_LINK140]RESULTS: Thirty-three studies met the inclusion criteria. The pooled odds ratio (OR) was 0.90 (95%CI: 0.42-1.78) for quadruple therapy with amoxicillin and tetracycline vs other quadruple regimens, and total eradication rates were 78.1% by intention-to-treat (ITT) and 84.5% by per-protocol (PP) analyses in the experimental groups. The pooled eradication rates of 14-day quadruple regimens with a combination of amoxicillin and tetracycline were 82.3% by ITT and 89.0% by PP, and those of 10-day regimens were 84.6% by ITT and 93.7% by PP. The OR by ITT were 1.21 (95%CI: 0.64-2.28) for triple regimens with amoxicillin and tetracycline versus other regimens and 1.81 (95%CI: 1.37-2.41) for sequential treatment with amoxicillin and tetracycline versus other regimens, respectively. 

CONCLUSION: The effectiveness of regimens employing amoxicillin and tetracycline for H. pylori eradication may be not inferior to other regimens, but further study should be necessary.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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[bookmark: OLE_LINK412][bookmark: OLE_LINK413][bookmark: OLE_LINK434][bookmark: OLE_LINK442][bookmark: OLE_LINK350][bookmark: OLE_LINK351][bookmark: OLE_LINK408]Core tip: The combination of amoxicillin and tetracycline is an attractive alternative because of its low cost, low resistance rate, and safety. We conducted this systematic review and meta-analysis of clinical trials to compare the efficacy of the combination of amoxicillin and tetracycline with other therapies for Helicobacter pylori (H. pylori) infection. Available data suggest that 10- or 14-day quadruple regimens with amoxicillin and tetracycline can achieve acceptable eradication rates and may be suitable for the treatment of H. pylori infection. 
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INTRODUCTION
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Helicobacter pylori (H. pylori) infection affects approximately 50%–75% of the population worldwide[1] and contributes to several gastrointestinal diseases, including peptic ulcer, gastric cancer, and gastric mucosal-associated lymphoid tissue (MALT) lymphoma[2,3]. Standard triple regimens, consisting of proton pump inhibitor (PPI) plus two of the three antibiotics amoxicillin, clarithromycin, and metronidazole, have been recommended as first-line anti-H. pylori therapy for the past decade by several countries and regions[4,5]. However, with those regimens used widely, the prevalence of H. pylori resistance to metronidazole and clarithromycin is increasing[6-9], which results in the failure to eradicate H. pylori[10], and eradication rates of H. pylori have declined to unacceptable levels[11-14].
A regimen with PPI, bismuth, tetracycline, and metronidazole has been recommended for first-line or second-line therapy for H. pylori infection in several recent consensuses[15,16]. The increasing resistance rate of H. pylori to metronidazole may affect the efficacy of this regimen for H. pylori infection[17]. Many studies have shown that H. pylori resistance to amoxicillin and tetracycline is rare[7,18], and therefore combination treatment with amoxicillin and tetracycline has provoked some investigators’ attention as an anti-H. pylori therapy. In theory, regimens combining amoxicillin and tetracycline should provide an excellent eradication rate for H. pylori infection. Nevertheless, some controversies exist regarding the ability of combined amoxicillin and tetracycline to eradicate H. pylori. Amoxicillin is a bactericidal drug that interferes with cell wall synthesis, and it can exert excellent antibacterial activity during the bacterial breeding period. Tetracycline can rapidly inhibit bacterial growth by inhibiting cellular protein synthesis. Therefore, the combination of these two agents may appear antagonistic despite H. pylori having high susceptibility to both amoxicillin and tetracycline in vitro. But the similar combination of clarithromycin and amoxicillin has commonly been used for H. pylori infection for decades. Is a regimen containing tetracycline and amoxicillin suitable for H. pylori infection?
Trials on the combination of amoxicillin and tetracycline for H. pylori infection have been performed; however, their results are conflicting. Some studies have suggested that this combination did not improve eradication rates, and even obtained poor eradication effects during anti-H. pylori treatment[19-22]. In contrast, other studies have suggested that this combination positively affected eradication rates as a second- or third-line choice for H. pylori infection[23-26]. Our preliminary data also indicated that regimens comprising PPI, bismuth, amoxicillin, and tetracycline could achieve an acceptable eradication rate [85.7% by intention-to-treat (ITT) analysis; data unpublished].
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]What is the real efficacy of the combination of amoxicillin and tetracycline during anti-H. pylori treatment? We conducted this systematic review and meta-analysis of randomized controlled trials (RCTs) to compare the efficacy of the combination of amoxicillin and tetracycline with other therapies for H. pylori infection to supply some useful information for clinical practice.

[bookmark: OLE_LINK337][bookmark: OLE_LINK338][bookmark: OLE_LINK378][bookmark: OLE_LINK388]MATERIALS AND METHODS
Search strategy and study selection
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK61][bookmark: OLE_LINK70][bookmark: OLE_LINK76][bookmark: OLE_LINK71][bookmark: OLE_LINK11][bookmark: OLE_LINK12]We developed this meta-analysis according to PRISMA statement guideline[27]. We searched the databases of PubMed (to April 2014), EMBASE (1946 to April 2014), the Cochrane Central Register of Controlled Trials (Issue 4, 2014), and the Science Citation Index (SCI) (1945 to April 2014) according to Medical Subject Heading and text terms: (H. pylori) AND amoxicillin AND tetracycline. We also searched the literature using the China National Knowledge Infrastructure (CNKI), Wanfang, and Chinese Biomedical Literature databases (CBM) according to the same Subject Heading and text terms. We imposed no language restrictions. We also searched the abstracts of major gastroenterological meetings, such as the Digestive Disease Week of the American Gastroenterological Association (DDW)(2008–2013) and European Helicobacter Study Group (2008–2013). Furthermore, we asked authors to provide unpublished RCT results. In addition, we searched the ClinicalTrials.gov website for registered RCTs with unpublished data and identified relevant studies from the reference list of each selected article.

Inclusion criteria
Studies deemed eligible for inclusion in the systemic review and meta-analysis met the following inclusion criteria: (1) clinical trials; (2) any age, endoscopic findings, and symptoms at the time of enrollment; (3) confirmation of eradication outcome by urea breath test, histology, or H. pylori stool antigen at least 4 wk after therapy; and (4) eradication regimens of the experimental group, including both tetracycline and amoxicillin.

Exclusion criteria
Studies were excluded under the following circumstances: (1) eradication date could not be determined; (2) articles and abstracts in a language other than English or Chinese, unless they were translated; and (3) amoxicillin and tetracycline not included in the same experimental group.	

Data extraction and quality assessment
Two authors (ZL and FW) extracted the relevant data and entered them into standardized data abstraction sheets. These data contained the study quality and type, anti-H. pylori regimens, duration of treatment, location of trials, time of publication, number and age of enrolled patients, diagnostic methods for detecting H. pylori infection before enrolment and after study completion, eradication rates by ITT, rates of successful and failed eradication, and total adverse effects (diarrhea, vomiting or nausea, epigastric pain, headache, total adverse effects) from all included studies.
[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136]Two reviewers (ZL, FW) independently assessed the quality of the studies that met the inclusion criteria. Discrepancies were resolved by consulting a third reviewer (YX). The quality of data reporting was applied using a 3-item, 5-point Jadad scale. The scores were evaluated according to three criteria: randomization (score 0–2), double blinding (score 0–2), and description of withdrawals and dropouts (score 0–1) as previously described[28,29]. To avoid duplication of data, if trials were published repeatedly by the same authors or institutions, only the most recently published article was included.

[bookmark: OLE_LINK142][bookmark: OLE_LINK143]Statistical analysis
[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK7][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK99][bookmark: OLE_LINK100]The primary outcome for the systemic analysis was the efficacy of regimens with amoxicillin and tetracycline compared with other regimens for eradicating H. pylori infection. The secondary outcome was safety of the combination of amoxicillin and tetracycline. We measured H. pylori eradication efficacy using odds ratio (OR) with 95%CI. When data could be combined, meta-analyses were performed. If not, we described the results based on ITT and adverse events. Heterogeneity tests were performed using the Q-test, and a 10% cut-off for statistical significance was employed. The heterogeneity index (I2) was calculated, and the OR for all studies were pooled into a summary OR using a fixed-effects model or a random effects model, based on inverse variance methods. The fixed-effects model was used when heterogeneity was not statistically significant; otherwise, the random effects model was employed. If the data were found to be heterogeneous, we searched for sources of heterogeneity by meta-regression and subgroup analyses. A Z-test was also used to assess the pooled effects. We employed funnel plot, Egger’s test, and Begg's test to estimate publication bias, with a two-sided P value of 0.10 or less considered significant. We used Comprehensive Meta-Analysis Software (version 2) to perform the statistical analysis.

RESULTS
Description of the studies
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK80][bookmark: OLE_LINK81]A flow diagram of this systematic review is shown in Figure 1. The bibliographical search yielded a total of 3078 articles, of which 2827 were from Pubmed, the Cochrane Central Register of Controlled Trials, Embase, and SCI, while another 251 articles, published in Chinese, were from CNKI, Wanfang, and CBM databases, and one abstract was from DDW (2008–2013). We first excluded 2007 articles due to uncorrelated with our study, and 854 due to duplicates. We retrieved 217 articles for detailed evaluation, among which 105 studies were excluded because amoxicillin and tetracycline were not used in the same experimental group. We also excluded 77 review articles, 2 articles in which eradication data could not be obtained[30,31], and 2 other articles (one full text and one abstract) that were published repeatedly[32,33]. One article identified from a reference list was also included in the meta-analysis. Ultimately, 33 studies (2 abstracts, 30 full-text articles and our unpublished data), were included in the systemic review and meta-analysis[17,19-26,34-56].

Meta-analysis
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK105][bookmark: OLE_LINK108][bookmark: OLE_LINK154][bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK157]Quadruple treatment regimens containing amoxicillin and tetracycline versus other quadruple regimens of RCTs: Eight RCTs[20,23,37,38,41,46,47,56] and our unpublished data were included in the pooled analysis of quadruple treatment regimens (Table 1). The total H. pylori eradication rates were 78.1% (442/566) in the experimental group and 80.5% (714/887) in the control group by ITT analysis, and 84.5% (442/523) in the experimental group and 85.5% (714/835) in the control group by per-protocol (PP) analysis, respectively. The pooled OR was 0.90 (95%CI: 0.42-1.78) using a random effects model (I2 = 80.92%, P < 0.001; Figure 2A). When we omitted the study with the greatest weighting[41] from the analysis, the OR was 0.86 (95%CI: 0.38-2.00) using a random effects model (I2 = 82.73%, P < 0.001); when our unpublished data was omitted, the OR was 0.85 (95%CI: 0.40-1.83) by random effect model (I2 = 80.3%, P < 0.001).
[bookmark: OLE_LINK10][bookmark: OLE_LINK53]Because of significant evidence of heterogeneity, we performed subgroup analyses according to duration (7, 10, or 14 d), first- or second-line therapy, regimen in the experimental group, country, and publication language (Chinese or English).
Four RCTs[20,24,38,46] used a 7-day duration, in which the pooled eradication rates were 67.4% (120/178) by ITT and 72.7% (120/165) by PP in experimental groups. A 10-day regimen was used in one RCT[23] and our unpublished data, in which the pooled eradication rates were 84.6% (104/123) by ITT and 93.7% (104/111) by PP in groups treated with amoxicillin and tetracycline in combination. Fourteen-day regimens were employed in three RCTs[41,47,56], in which the pooled eradication rates were 82.3% (218/265) by ITT and 89.0% (218/245) by PP. The pooled OR were 0.97 (95%CI: 0.18-5.27) in the 7-day subgroup, 0.91 (95%CI: 0.36-2.31) in the 10-day subgroup, and 0.81 (95%CI: 0.37, 1.78) in the 14-day subgroup using a random effects model (I2 = 77.25%, P < 0.001). 
[bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK119]Quadruple regimens with amoxicillin and tetracycline were used as first-line therapy in two RCTs[37,47] and our unpublished data, the pooled OR was 2.34 (95%CI: 0.74-7.42) using a random effects model(I2 = 70.29%, P = 0.035). When used as second-line therapy, as in six RCTs[20,23,38,41,46,56], the pooled OR was 0.59 (95%CI: 0.28-1.26) using a random effects model (I2 = 80.17%, P < 0.001).
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK8][bookmark: OLE_LINK9]In the subgroup of studies conducted in Korea (included one RCT), the OR was 0.10 (95%CI: 0.03-0.37), which significantly differed from the other countries in which studies were conducted.
Results of other subgroup analyses demonstrated no statistically significant differences.

[bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK46][bookmark: OLE_LINK49][bookmark: OLE_LINK27][bookmark: OLE_LINK180][bookmark: OLE_LINK181]Triple therapy containing amoxicillin and tetracycline versus other regimens of RCTs: Five RCTs[17,21,24,34,51] compared the efficacies of triple regimens containing amoxicillin and tetracycline with other eradication regimens (Table 2). The pooled eradication rates were 68.8% (198/288, by ITT) and 72.5% (198/273, by PP) in the experimental group, and 66.7% (368/552) and 70.2% (368/524, by PP) in the control group. The pooled OR was 1.21 (95%CI: 0.64-2.28) using a random effects model (I2 = 63.50%, P = 0.027). The H. pylori eradication rate was slightly higher in the experimental group than in the control group, but this difference was not statistically significant (Figure 2B). In sensitivity analyses, when the study with the greatest weighting was omitted[21], the OR was 1.34 (95%CI: 0.64-3.43) using a random effects model (I2 = 71.89%, P = 0.014). 
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]Due to the evidence of heterogeneity, we performed subgroup analyses depending on duration (7 or 14 d), first- or second-line treatment, region (Asia, America, or Europe), publication language (Chinese or English), and control group regimen (dual, triple, or quadruple treatment).
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Statistically significant differences were observed in the subgroups of 7-day treatment duration and Chinese publication language, in which the ORs were 2.95 (95%CI: 1.09-8.01) and 6.08 (95%CI: 1.39-26.62), respectively. In other subgroups, no statistically significant differences were noted.

[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK138][bookmark: OLE_LINK131][bookmark: OLE_LINK137][bookmark: OLE_LINK111][bookmark: OLE_LINK112]Sequential treatment containing amoxicillin and tetracycline versus other regimens of RCTs: Four RCTs[42,45,48,49] were included the pooled analysis of sequential treatment (Table 3). The total eradication rates were 70.3% (317/451) in the experimental group and 57.3% (239/417) in the control group by ITT. The pooled OR was 1.81 (95%CI: 1.37-2.41) using a fixed-effects model (I2 = 5.17%, P = 0.367; Figure 2C). When we omitted the study with the greatest weighting on the result[42], the OR was 1.76 (95%CI: 1.24-2.50) using a fixed-effects model (I2 = 34.97%, P = 0.215). 

Adverse effects 
Among the 17 RCTs and our unpublished data included in the meta-analysis, 14 RCTs and our data provided information concerning adverse effects. The incidences of total adverse effects were 12.4% (112/898) in the experimental groups and 18.7% (229/1225) in the control groups. Diarrhea appeared in 23 of 752 patients in experimental groups and 31of 1028 patients in control groups, abdominal pain occurred in 14 of 582 patients in experimental groups and 24 of 798 patients in control groups, and nausea occurred in 26 of 737 patients in experimental groups and 55 of 953 patients in control groups. The incidence of adverse effects demonstrated no significant differences.

Heterogeneity 
To interpret heterogeneity in our meta-analysis, we performed meta-regression analyses. The results indicated that publication language, regimens of treatment in experimental and control groups, and assessment of first- vs second-line therapy were the major reasons for heterogeneity in the meta-analysis of quadruple therapies. The main causes of heterogeneity in the meta-analysis of triple therapies were duration, study quality, and publication language. 

Risk of publication bias
[bookmark: OLE_LINK69][bookmark: OLE_LINK40][bookmark: OLE_LINK41]The funnel plots of meta-analyses of both quadruple and triple therapy studies were symmetrical, and Egger’s test and Begg's test indicated no statistically significant differences. The funnel plot of sequential treatment was symmetrical; however, while Begg’s test indicated no statistically significant difference, Egger’s test demonstrated a statistically significant difference (P = 0.042; Figure 3).

[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Data not included in meta-analysis 
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]Efficacy of first-line treatment with amoxicillin and tetracycline: Five non-RCT trials examined the combination of amoxicillin and tetracycline used as first-line anti-H. pylori treatment. Graham et al[22] reported a poor eradication rate (43%, 7/16). A study conducted by Sezgin et al[39] suggested that sequential therapy consisting of PPI-amoxicillin followed by PPI-metronidazole-tetracycline achieved an unsatisfactory eradication rate (50%, 15/30, by ITT). Ataseven et al[44] reported that sequential treatment with pantoprazole and amoxicillin for the first 7 d followed by pantoprazole, metronidazole, and tetracycline for the following 7 d achieved an unacceptable eradication rate (57.9%, 22/38) in patients with type 2 diabetes mellitus. Lobo et al[19] compared treatment consisting of omeprazole, amoxicillin, and tetracycline (group A) with a regimen including bismuth, metronidazole, and tetracycline (group B) for H. pylori eradication, and observed H. pylori eradication rates of 59% (10/17) in group A and 65% (17/26) in group B, with a non-significant difference of -6% (χ2 = 0.19). However, a study conducted by Uygun et al[54] reported that a modified sequential therapy consisting of pantoprazole, bismuth, and amoxicillin for the first seven days followed by pantoprazole, bismuth, metronidazole, and tetracycline for the remaining seven days achieved an acceptable eradication rate (81.0%, 115/142) by ITT (Table 4). 
Four RCTs compared various combinations of amoxicillin and tetracycline or doxycycline. In one study comparing the combination of tetracycline and amoxicillin with that of doxycycline and amoxicillin, the H. pylori eradication rates were 34.5% (20/57) and 36.8% (21/58), respectively[43]. Another study compared different sequential therapies involving the combination of amoxicillin and tetracycline (5 d vs 14 d of amoxicillin) during anti-H. pylori treatment and found a non-significant difference of 3.51%; interestingly, 14-day amoxicillin regimens obtained a lower eradication rate than 5-day regimens[26]. One RCT compared a quadruple regimen (consisting of bismuth, esomeprazole, tetracycline, and amoxicillin) with concomitant therapy (with esomeprazole, tetracycline, metronidazole, and amoxicillin) in patients naïve to H. pylori treatment, and observed H. pylori eradication rates of 79% in the quadruple therapy group and 74% in the concomitant therapy group[49]. Perri et al. compared three different triple regimens with lansoprazole or RBC plus amoxicillin and tetracycline or doxycycline and observed that all treatments achieved poor H. pylori eradication rates[36]. 

Efficacy of second-line regimens containing amoxicillin and tetracycline: Two non-RCT trials investigated the combination of amoxicillin and tetracycline for second-line anti-H. pylori treatment. Auriemma et al[35] reported an H. pylori eradication rate of 77.7% (49/63) after second-line therapy with omeprazole, amoxicillin, and tetracycline in patients. Zhang reported that a quadruple regimen consisting of bismuth, amoxicillin, tetracycline, and esomeprazole achieved a satisfactory H. pylori eradication rate (93.3%, 112/120)[50]. 

[bookmark: OLE_LINK37][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Efficacy of third-line regimens containing amoxicillin and tetracycline:  Regimens containing amoxicillin and tetracycline were used as a third-line anti-H. pylori treatment in four trials. Buzas et al[40] conducted a trial, in which, among patients who received quadruple therapy containing amoxicillin and tetracycline, the eradication rate was 56.1% (23/41) by ITT. Cammatora et al[25] reported that quadruple treatment consisting of bismuth, omeprazole, amoxicillin, and doxycycline achieved a satisfactory eradication rate of 91.0%(81/89) in patients in whom H. pylori isolates were susceptible to amoxicillin and tetracycline. Tursi et al[53] reported that among 119 patients who received sequential therapy with a standard dosage of proton pump inhibitor (PPI) plus 1 g amoxicillin for the first 5 d, followed by the standard dosage PPI, 500 mg levofloxacin and 500 mg tetracycline, a 67.23% eradication rate (80/119) by ITT was achieved. Liou et al[55] conducted a multi-center trial in which 109 patients who failed second-line therapies underwent sequential treatment with esomeprazole plus amoxicillin for the first 7 d, followed by esomeprazole and metronidazole plus clarithromycin or levofloxacin or tetracycline, according to genotypic resistance, for another 7 d. Their eradication rates were 78.5% in the clarithromycin group, 92.2% in the levofloxacin group, and 71.4% in the tetracycline group. 

[bookmark: OLE_LINK262][bookmark: OLE_LINK261]DISCUSSION 
With antibiotic resistance rates of H. pylori rapidly increasing, the efficacies of conventional triple regimens are diminishing, and approximately 5%–35% of patients fail to achieve eradication with first- or second-line therapy[57]. Therefore, investigators are looking for a replacement for triple regimens. Some regimens, such as quadruple therapy with bismuth, sequential treatment, and concomitant therapy, have been considered as the substitution for triple regimens for H. pylori eradication treatment. However, their efficacies may be impaired by the increasing prevalence of antibiotic-resistant H. pylori. The combination of amoxicillin and tetracycline is very attractive because of its low cost, low resistance rate, and safety[8]. Hence, the combination of amoxicillin and tetracycline may be a suitable substitute for triple regimens in the treatment of H. pylori infection.
The current meta-analysis of RCTs indicates that regimens involving amoxicillin and tetracycline were not inferior to other regimens for the eradication of H. pylori infection. 
In the meta-analysis of quadruple treatments with amoxicillin and tetracycline, ten- or 14-days quadruple regimens could achieve acceptable or good eradication rates, but the effectiveness of a 7-days quadruple regimen was unsatisfactory. These results are in line with most previous studies[58-60]. According to subgroup analyses, the OR of studies published in Chinese was greater than those published in English (3.2 vs 0.63). Although the quality of the studies included in our meta-analysis was not consistently high and some limitations may exist in study design that could affect the results, the 10- or 14-days quadruple regimen with a combination of amoxicillin and tetracycline may be considered as one option for the treatment of H. pylori infection[56]. Our results also generated additional information for the further study of regimens, including amoxicillin and tetracycline to treat H. pylori infection. 
In our meta-analysis of triple therapy containing amoxicillin and tetracycline for H. pylori infection, the pooled eradication rate was 68.8% by ITT (less than an acceptable level). Subgroup analyses indicated significant differences associated with a 7-day regimen and publication in Chinese. These differences may be the result of the low quality of the studies included in these subgroups, rather than reflecting the actual treatment outcomes. Further study, with sufficient sample size and good design, may be necessary to corroborate the efficacy of the treatment regimen. Notably, the 7-day triple regimen with a combination of amoxicillin and tetracycline obtained a higher eradication rate than 14-day triple regimens. The reasons underlying this conflicting finding compared to the results of quadruple-therapy regimens may be the lower number of studies employing triple-therapy 7-day regimens (two RCTs) and the different populations included in these studies. Furthermore, some non-RCTs reported that 7-or 14-day triple regimens with amoxicillin and tetracycline achieved poor eradication rates[22,35,36]. In summary, triple therapy with a combination of amoxicillin and tetracycline may not be suitable for H. pylori eradication due to the lower eradication rate.
Several novel regimens for H.pylori infection have been used by investigators in various countries as a more effective alternative to traditional triple therapies, including sequential therapy, concomitant therapy, and hybrid therapy[57,61,62]. Sequential therapy with amoxicillin and tetracycline has also garnered the attention of some investigators[62]. Our meta-analysis that found the eradication rate of sequential therapy to be higher than that of control treatment(70.3% vs 57.3%, P < 0.001). These results are consistent with one study[52]. However, the pooled eradication rate was below an acceptable level. Therefore, sequential therapy including a combination of amoxicillin and tetracycline may not be an appropriate treatment for H. pylori infection.  
Earlier studies not included in the meta-analysis reported that in combination with PPI or RBC, amoxicillin and tetracycline achieve poor eradication rates[20,22,43], but they had some limitations: small sample size, no control groups, and low quality of the studies.  
Failure to eradicate H. pylori through first-or second-line treatment remains a challenge. The Maastricht IV consensus report recommended that treatment after failure of second-line therapy should be guided by antimicrobial susceptibility testing[15]. The combination of amoxicillin and tetracycline may be one option due to the low resistance of H. pylori to amoxicillin and tetracycline[7,8]. 

Strengths and limitations
To diminish bias, the study selection, data extraction, and evaluation of study quality were performed by two reviewers. Most of the clinical trials in English and Chinese that used amoxicillin and tetracycline to treat H. pylori were identified by the current systemic review and meta-analysis. We comprehensively analyzed the efficacy of the combination of tetracycline and amoxicillin for anti-H. pylori treatment. Meta-regression and sensitivity analyses support the reliability of our meta-analysis outcomes. 
This study had several limitations. First, most of the studies included in our meta-analysis had problems with concealment of allocation and blinding, which could have affected our results, although we performed sensitivity analysis to verify the reliability of our findings. Second, some obvious heterogeneity was present in the meta-analysis, although we conducted subgroup analyses and meta-regression analyses to decrease its effects. Third, bias may exist across published languages, and thus our meta-analysis probably does not reflect all the outcomes of the combination of amoxicillin and tetracycline. Finally, we requested unpublished data from some authors but received no response, and introduction of bias on that basis is possible.
[bookmark: OLE_LINK113][bookmark: OLE_LINK118][bookmark: OLE_LINK147][bookmark: OLE_LINK151]In conclusion, available data suggest that the combination of amoxicillin and tetracycline for H. pylori infection does not appear to be inferior to other regimens whether used as a first, second, or third-line treatment. Both 10- and 14-d regimens involving a combination of tetracycline and amoxicillin can provide an acceptable eradication rate, but further investigation may be necessary to confirm the efficacy of the combination.
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Background
Many studies have shown that Helicobacter pylori (H. pylori) resistance to amoxicillin and tetracycline is rare; in theory, regimens combining amoxicillin and tetracycline should provide an excellent eradication rate for H. pylori infection. 

Research frontiers
Some controversies exist regarding the ability of combined amoxicillin and tetracycline to eradicate H. pylori because the combination of these two agents may appear antagonistic despite H. pylori having high susceptibility to both amoxicillin and tetracycline in vitro. But the similar combination of clarithromycin and amoxicillin has commonly been used for H. pylori infection for decades. Is a regimen containing tetracycline and amoxicillin suitable for H. pylori Infection? 

Innovations and breakthroughs
This was the first systemic review and meta-analysis comparing the efficacy of combination with amoxicillin and tetracycline with other pre-existing regimens for eradication H. pylori. 

Applications
[bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK19][bookmark: OLE_LINK72]Available data suggest that the effectiveness of regimens employing amoxicillin and tetracycline for H. pylori eradication may be not inferior to other regimens, and 10- or 14-day quadruple regimens with amoxicillin and tetracycline can achieve acceptable eradication rates and may be suitable for the treatment of H. pylori infection. 

Terminology
[bookmark: OLE_LINK79]The combination with amoxicillin and tetracycline referred in this systemic review and meta-analysis is one study arm including both tetracycline and amoxicillin for eradication of H. pylori.

Peer review
The authors conducted a systematic review and meta-analysis of clinical trials with treatment including both tetracycline and amoxicillin versus other regimens for eradication of H. pylori, and it would provide clinical practice guidelines for successful and cheap eradication. General impression, it is a nice article, and the study has some interesting new ideals. 
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Figure 1 Flow diagram of trials identified and selected.
27 English studies 
62 potentially relevant articles retrieved for more detailed evaluation

58 articles were excluded:
21 review articles
35 articles with amoxicillin and tetracycline used in different regimens  
2 articles due to no eradication rate
59articles were excluded (unrelated)

130 duplicates were excluded
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[bookmark: _Hlk369111999]155 potentially relevant articles retrieved for more detailed evaluation
1948 articles were excluded (unrelated)
724duplicates were excluded
128 articles were excluded:
56 review articles
70 articles with amoxicillin and tetracycline used in different regimens  
2 articles due to data repetition with another article  
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4 Chinese studies 
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Figure 2 Forest plot of quadruple regimens (A), triple regimens (B) and sequential therapy (C) with tetracycline and amoxicillin.
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Figure 3 Funnel plot of quadruple regimens (A), riple regimens (B) and sequential therapy (C) with amoxicillin and tetracycline.
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Table 1 Characteristics of included studies in quadruple 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Study
	Region
	Publication
	Participants
	H. pylori infection
Initial diagnosis ⁄
re-checking
	Inventions (duration)
	Total
(treatment/
contrlo)
	Follow-up
(wk)
	Eradication rate 
	Jadad scores

	Luo[37], 2002
	China
	Full text 
	NR1
	RUT/RUT
	 OBAT 7v OBCM 7
	45/45
	4
	91% vs 56%

	1

	Chi et al[38], 2003
	Taiwan 
	Full text
	Dyspeptic patients
	histology or culture 
/ UBT
	OBAT 7v OBAM 7
	50/50
	6
	78% vs 58%

	3

	Cheon et al[20], 2006 
	Korea
	Full text 
	peptic ulcer 
	Histology or RUT or UBT / UBT
	PBAT 7v PBMT 7
	25/29
	5
	16% vs 66%

	2

	Uygun et al[41], 2008
	Tuekry
	 Full text
	Non-ulcer Dyspeptic patients
	Histology/ histology and RUT

	LBAT 14 v LBAM or LBMT 14
	100/200
	60 d
	75% vs 73%

	2

	Wu et al[46], 2011
	Taiwan 
	Full text
	NR
	RUT and histology or culture or UBT
	EBTA 7 v EBTM 7
	58/62
	8
	62% vs 81%

	3

	Chen et al[47], 2011 
	Chinese
	Full text
	peptic ulcer and chronic gastritis  
	UBT/UBT
	OATF 14/ OBAC 14
	60/60
	4
	92% vs 90%

	2

	Hu et al[23], 2012
	Taiwan
	Abstract
	NR
	NR/ UBT
	RATM 10,/RBTM,10
	46/47
	≥ 4
	83% vs 87%

	2


	Liang et al[56], 2013
	China
	Full text
	Functional Dyspeptic patients and peptic ulcer
	UBT/UBT
	LBAT 14/LBTF, LBTM and LBAF 14
	105/319
	6
	83.8% vs 91.5%
	3

	Our data1
	China
	
	Duodenal peptic
	RUT/UBT
	RBAT 10/ RBAC 10
	77/75
	4
	85.7% vs 81.3%
	


1Unpublished data. NR: Not reported; UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M: Metrodinazole; P: Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate.



[bookmark: OLE_LINK252][bookmark: OLE_LINK253]Table 2 Characteristics of included studies in triple 
	Study
	Region
	Publication
	Participants
	H. pylori infection
Initial diagnosis ⁄
re-checking
	Inventions (duration)
	Total
(treatment/
contrlo) 
	Follow-up
(wk)
	Eradication rate by ITT
	Jadad scores

	Laine et al[34] 1995
	United States
	Full text 
	volunteers with 
H. pylori infection
	UBT/UBT
	 OAT 14 vs OA 14
	30/30
	4
	30% vs 50%

	3

	Ferri et al[24] , 2003
	Italy
	Full text
	NR
	UBT
/ UBT
	RBCAT 7 vs PLA or PBMT 7
	60/120
	4-6
	85% vs 73.3%

	3

	Uygun et al[21], 2007
	Turkey
	Full text 
	Non-ulcer Dyspeptic patients
	Histology and UBT / UBT
	RBCAT 14 vs RBCAC or RBCMT 14
	100/200
	6
	58% vs 58%

	3

	Chuah et al[51], 2012
	Taiwan 
	Full text
	peptic ulcer disease or gastritis
	RUT/RUT and histology or UBT
	EAT 14 vs EALe 14
	64/64
	8
	75% vs 78%

	3

	Zhao[17] 2013 
	China
	Full text
	peptic ulcer and chronic gastritis  
	NR/UBT
	PAT  7/ PAC or PAM or PAF or PALe 7
	34/138
	30 d
	94% vs 73%

	1


NR: Not reported; UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M: Metrodinazole; P: Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate.









Table 3 Characteristics of included studies in sequential treatment
	Study
	Region
	Publication
	Participants
	H. pylori infection
Initial diagnosis ⁄
re-checking
	Inventions (duration)
	Total
(treatment/
contrlo)
	Follow-up
(wk)
	Eradication rate and P 
	Jadad scores

	Uygun et al[42] , 2008
	Turkey
	Full text 
	non-ulcer
dyspepsia
	UBT and histology / UBT
	 PA 7-PMT 7 vs PAC 14
	150/150
	6
	72% vs 58%

	3

	Nadir et al[45], 2011
	Turkey
	Full text
	non-ulcer dyspepsia
	Histology
/ UBT
	LA 7-LMT 7 vs LAC  14
	60/120
	6
	72% vs 54%

	2

	Demir et al[48],  2011
	Turkey
	Full text 
	Non-ulcer Dyspeptic patients
	UBT / UBT
	PA 7-PMT 7 vs PAC 14
	57/29
	4
	56% vs 59%

	3

	Kadayifci et al[49], 2012
	Turkey
	Full text 
	Non-ulcer Dyspeptic patients
	UBT and histology / UBT
	LA 7-LCT 7 vs LA 7-LCM  7
	100/100
	4
	72% vs 61%
	2


UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M: Metrodinazole; P: Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate.
















Table 4 Studies not included in meta-analysis
	Study
	Region
	publication
	Participants
	H. pylori infection
Initial diagnosis ⁄
re-checking
	Inventions (duration)
	Cases
 
	Follow-up
(wk)
	Eradication rate by ITT
	First or second or three line therapy1 

	Graham et al[22], 1993
	United States
	Full text 
	Peptic ulcer
	UBT and histology/UBT and histology
	 BAT 14
	16
	4
	43%

	1

	Lobo et al[19], 1994
	United Kingdom 
	Full text
	NR
	histology or culture 
/ histology and culture
	OAT 21 vs BT 28+M 14 
	17/26
	4
	58% vs 65%

	1

	Auriemma et al[35], 2001 
	Italy
	Abstract 
	NR
	NR / UBT
	OAT 7 
	63
	NR
	77.3%
	2

	Perri et al[36], 2002
	Italy
	Full text 
	dyspepsia
	Histology and RUT / UBT
	LAT 7 vs RBCAT 7 vs LAD 7
	89/88/87
	4-6
	35% vs 20% vs 36%
	1

	Cammarota et al[20], 2004
	Italy 
	Full text
	NR
	Culture/ UBT
	OBTA 7 
	89
	8
	91%

	3

	Sezgin et al[39],2007 
	Turkey
	Full text
	Dyspepsia or peptic ulcer
	Histology and RUT and UBT/UBT
	PA 7-PMT 7
	32
	4
	50% 

	1

	Buzas et al[40], 2008
	Hungary
	Full text
	Duodenal ulcer
	histology and RUT/UBT
	PATN 14 vs PATB 14
	22/19
	6
	62% vs 55%

	3

	Akyildiz et al[43], 2009
	Turkey
	Full text
	NR
	Histology and RUT / UBT
	RBCAT 14/RBCAT 14
	58/57
	6
	34.5% vs 36.8%

	1

	Cetinkaya et al[26], 2010
	Turkey
	Full text
	nonulcer dyspepsia
	Histology / UBT
	PA 5- PTM 9 vs PA5-PATM 9   
	56/56
	6
	82%/79%
	1

	Ataseven et al[44] , 2010
	Turkey
	Full text
	2-type Diabetes mellitus with H.Pylori
	Histology and RUT / UBT
	PA 7-PTM 7
	38
	4
	58%
	1

	Zhang[50], 2012
	China
	Full text
	NR
	RUT and UBT/UBT
	EBAT


	120
	1 mo
	93%
	2

	Tursi1 et al[53],  2012 
	Italy 
	Full text 
	peptic ulcer or gastritis or duodenitis
	NR/ RUT or UBT
	PPI+A 5 - PPI+Le+T 5
	119
	1 mo
	67% 
	3

	Uygun et al[54], 2012
	Turkey 
	Full text 
	nonulcer
dyspepsia
	Histology / UBT
	PBA 7 -PBTM 7
	142
	45 d
	81%
	1

	Uygun et al[49] , 2012
	Turkey
	Full text 
	non-ulcer
dyspepsia
	Histology and UBT/ UBT
	EBAT 14/ EATM 14
	100/100
	6
	79%/74% 
	1

	Liou et al[55] 2013
	Taiwan
	 Full text 
	NR
	UBT or two of RUT, histology and culture
	EA 7- EMC 7 vs EA 7-EMT 7  vs EA 7 –EMLe 7
	19/65/51
	≥ 6 
	80%/ 71%/ 92%
	3


1Indicates first-line treatment for H. pylori; Indicates second-line treatment; Indicates third-line treatment. NR: Not reported; UBT: Urea breath test; RUT: Rapid urease test; O: Omeprazole; A: Amoxicillin; T: Tetracycline; B: Bismuth; C: Clarithromycin; M: Metrodinazole; P: Pantoprazole; E: Esomeprazole; L: Lansoprazole; D: Doxycycline; F: Furazolidone; Le: Levofloxacin; RBC: Ranitidine bismuth citrate. 
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