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Clinical trial: clarithromycin vs. levofloxacin in first-line triple and sequential
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de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Evolving research has demonstrated the relationship of Helicobacter pylori infection with chronic gastritis, peptic ulcer disease and gastric adenocarcinoma and MALT lymphoma, as well as the importance of a prompt cure of the infection to change the natural history of these diseases. After the initial high efficacy (eradication rate > 90%) of triple standard regimens, we are witnessing within the last decade a progressive decline in cure rates [START_REF] Gisbert | Review article: Helicobacter pylori "rescue" regimen when proton pump inhibitor-based triple therapies fail[END_REF][START_REF] O'connor | Treatment of Helicobacter pylori infection[END_REF] . The high prevalence of antimicrobial drug resistance, especially to clarithromycin and metronidazole, is believed to be the key factor. For this reason, consensus statements recommend empirical therapeutic regimens that achieve H. pylori cure rates higher than 80% on an intention-to-treat (ITT) basis [START_REF] Malfertheiner | Current concepts in the management of Helicobacter pylori infection: the Maastricht III Consensus Report[END_REF][START_REF] Chey | American College of Gastroenterology Guideline on the management of Helicobacter Pylori infection[END_REF] .

Novel antibiotic regimens have been developed to overcome this troublesome scenario. One recent therapeutic innovation, postulated as an alternative to standard triple therapy, is the so called "sequential" treatment [START_REF] Gisbert | Sequential therapy for Helicobacter pylori eradication: a critical review[END_REF] . Strictly speaking, it is not a new approach, as it uses well-known drugs with approved indication for H. pylori eradication. However, the administration strategy is innovative. The sequential regimen is a simple dual therapy including a PPI plus amoxicillin 1 g (both twice daily) given for the first five days followed by a triple therapy including a PPI, clarithromycin 500 mg, and tinidazole (all twice daily) for the remaining five days. Its rationale is based on an initial phase with amoxicillin which aims to lower the bacterial load in the stomach.

Moreover, it has been speculated that amoxicillin may prevent the development of efflux channels for clarithromycin. This induction phase, therefore, is believed to amplify the efficacy of the second phase of therapy containing clarithromycin and metronidazole. Italian studies regarding this clarithromycin-based sequential therapy have shown promising eradication rates higher than 90%, even in patients with risk factors for triple therapy failure (clarithromycin resistance, non ulcer dyspepsia, smoking or the absence of the gene CagA) [START_REF] Zullo | The sequential therapy regimen for Helicobacter pylori eradication: a pooleddata analysis[END_REF][START_REF] Vaira | Sequential therapy versus standard triple-drug therapy for Helicobacter pylori eradication: a randomized trial[END_REF] . Furthermore, a recent meta-analysis has shown that eradication rate with 10-day sequential therapy (93.4%) is notably higher than that for standard triple therapy (76.9%), with similar adherence in both groups [START_REF] Jafri | Meta-analysis: sequential therapy appears superior to standard therapy for Helicobacter pylori infection in patients naive to treatment[END_REF] . Thus, it has been questioned whether sequential therapy should be the preferred first line therapy for H. pylori infection 9 , albeit the global validation of the sequential scheme out of Italy is awaited.

On the other hand, levofloxacin, a fluoroquinolone with in vivo activity against H. pylori strains resistant to clarithromycin and metronidazole, has also shown promising results in different first-line triple regimens in Italy, Spain and the Netherlands, with an eradication rate on ITT ranging from 83% to 96% [START_REF] Cammarota | Efficacy of two oneweek rabeprazole/levofloxacin-based triple therapies for Helicobacter pylori infection[END_REF][START_REF] Caro | Levofloxacin based regimens for the eradication of Helicobacter pylori[END_REF][START_REF] Antos | 7-day triple therapy of Helicobacter pylori infection with levofloxacin, amoxicillin, and high-dose esomeprazole in patients with known antimicrobial sensitivity[END_REF][START_REF] Marzio | Role of the preliminary susceptibility testing for initial and after failed therapy of Helicobacter pylori infection with levofloxacin, amoxicillin, and esomeprazole[END_REF][START_REF] Rispo | Levofloxacin in first-line treatment of Helicobacter pylori infection[END_REF][START_REF] Gisbert | First-line triple therapy with levofloxacin for Helicobacter pylori eradication[END_REF][START_REF] Gisbert | Levofloxacin, amoxicillin, and omeprazole as first-line triple therapy for Helicobacter Pylori eradication[END_REF][17] . The efficacy of levofloxacin in a sequential eradication scheme for H. pylori infection has been exclusively assessed in a single recent study from Turkey [START_REF] Aydin | The modified sequential treatment regimen containing for Helicobacter Pylori eradication in Turkey[END_REF] , with an 82% ITT cure rate. Moreover, a head-tohead comparison between similar clarithromycin and levofloxacin regimens has not been addressed yet. Therefore, we aimed to evaluate the cure rate of triple and sequential regimens containing clarithromycin or levofloxacin in a geographical area with a high failure rate of triple classical eradication therapy. Using a computer-generated numeric sequence, patients were randomized to receive one of the four first-line schemes for 10 days, having all high-dose acid suppressive therapy 19 :

METHODS

This

-Standard triple OCA (n=115), omeprazole 20 mg, clarithromycin 500 mg and amoxicillin 1 g, all three twice a day.

-Triple OLA (n=115), omeprazole 20 mg, levofloxacin 500 mg and amoxicillin 1 g, all three twice a day.

-Sequential OACM (n=115), omeprazole 20 mg and amoxicillin 1 g both twice a day for 5 days followed by omeprazole 20 mg, clarithromycin 500 mg and metronidazole 500 mg, all three twice a day during the next 5 days.

-Modified sequential OALM (n=115), omeprazole 20 mg and amoxicillin 1 g both twice a day for 5 days followed by omeprazole 20 mg, levofloxacin 500 mg and metronidazole 500 mg, all three twice a day during the next 5 days.

Compliance with therapy was determined from the interrogatory and the recovery of empty envelopes of medications. Side effects were assessed by a specific questionnaire completed at the time of post-treatment urea breath testing. Eradication of H. pylori infection was defined as a negative urea breath test 8 weeks after completion of treatment except for patients requiring a follow-up endoscopy due to gastric ulcer, in which histological examination of four samples taken from the body and the antrum stained with Giemsa was the diagnostic test.

Statistical analysis

The predetermination of the sample size in each group (n=115), assuming an 80% power at a 5% significance level, was performed to detect a 15% difference in eradication rates between triple standard therapy (control group) and any of the other regimens (experimental group), in accordance to the most recent cure rates reported in our setting (triple standard therapy 70% [START_REF] Gisbert | Rescue" regimens after Helicobacter pylori treatment failure[END_REF] , sequential therapy 84% [START_REF] Sánchez-Delgado | Ten-day sequential treatment for Helicobacter pylori eradication in clinical practice[END_REF] ).

Categorical variables are described with percentages and continuous variables are described with mean and standard deviation or median and range as appropriate.

The eradication rates and their 95% confidence intervals (95% CI) were obtained by intention to treat (ITT) and per protocol (PP). Univariate and multivariate logistic regression analysis were performed to evaluate independent predictive variables for eradication of H. pylori. The magnitude of the effect is described with the odds ratios (ORs) and 95% CI. Variables chosen to be introduced in predictive models depended on statistical significance on univariate analysis. P-values lower than 0.05 were considered statistically significant.

RESULTS

Four hundred and sixty patients were enrolled in the study. The baseline demographic and clinical characteristics, indication for eradication and diagnostic method for the infection of the total cohort and each therapeutic subgroup are listed in table 1. The overall sample was balanced in gender, had a median age of 48 yrs and 33% smoked cigarettes. Dyspepsia was the most common indication for H. pylori eradication (59%).

The study flow chart is summarized in Figure 1. Eradication rates are shown in 69-85%), and OALM (82%; 75-89%). PP cure rates were: OCA (66%; 95%CI: 57-74%), OLA (82%; 75-89%), OACM (80%; 73-88%), and OALM (85%; 78-91%). ITT eradication rates were significantly higher with all the other regimens when compared to standard triple treatment (OLA OR (95%CI): 2.4 (1.3-4.5), p<0.05, OACM OR (95%CI): 2.1 (1.1-3.9), p<0.05, OALM OR (95%CI): 2.9 (1.5-5.6), p<0.05). No significant differences were demonstrated among OLA, OACM and OALM. Figure 3 shows the ITT eradication rates according to the indication. In patients with noninvestigated dyspepsia, no relevant differences were observed among the four therapeutic regimens. Levofloxacin-based regimens were significantly more effective for patients suffering from functional dyspepsia when compared to OCA (OLA OR (95%CI): 4.7 (1.7-13), p<0.01, OALM OR (95%CI): 3.5 (1.3-9.2), p<0.05).

Clarithromycin sequential regimen failed to improve significantly eradication rates compared to OCA in this subset of patients. (OR (95%CI): 1.8 (0.7-4.5). For patients with gastric or duodenal ulcer, OALM regimen was also significantly better than OCA (OR (95%CI): 4.1 (1.1.-14)).

In the univariate analysis, the efficacy of the therapy was influenced by the type of treatment (OCA 66% vs. 82% for the others, p<0.01) but not by the indication (77% for dyspepsia vs. 82% for ulcer, p=0.18), gender (82% for men vs. 75% for women, p=0.06), age (eradicated 48 yrs (18-87) vs. non eradicated 49 yrs (18-71), p=0.4) or smoking habit (smokers 81% vs. non-smokers 77%, p=0.28). In the multivariate analysis, any of the therapeutic schemes different from OCA remained as independent predictor factor for H. pylori eradication (OR (95%CI): 2.5 (1.5-4)).

Overall, 97% of the patients had complete adherence to antibiotic therapy, as shown in Figure 1. Three patients were lost to follow-up and nine patients discontinued therapy due to adverse events. Minor or mid side effects were reported by 129 patients (28%), without significant differences between therapeutic schemes. No major adverse events were observed. Side effects are summarized in table 2. 

DISCUSSION

This is the first randomized trial that compares clarithromycin to levofloxacin in triple and sequential schemes for H. pylori eradication. Since several recent metaanalyses [START_REF] Jafri | Meta-analysis: sequential therapy appears superior to standard therapy for Helicobacter pylori infection in patients naive to treatment[END_REF][START_REF] Tong | Sequential therapy vs. standard triple therapies for Helicobacter pylori infection: a meta-analysis[END_REF][START_REF] Gatta | Sequential therapy or triple therapy for Helicobacter Pylori infection: systematic review and meta-analysis of randomized controlled trials in adults and children[END_REF] have shown the advantage of sequential therapy over the standard triple scheme for clarithromycin-resistant strains, it has been suggested that sequential therapy should be advisable as a first-line therapy when the prevalence of clarithromycin resistance is high, as occurs presently in most developed countries. The present study shows that the eradication rate for clarithromycin sequential therapy was suboptimal (76%) in a setting with a high rate of failure for triple standard therapy (64%). Indeed, this is the lowest eradication rate reported to date for sequential therapy. Therefore, the sequential regimen may not lead to acceptable eradication rates in areas with a high prevalence of clarithromycin resistance. Indeed, ITT eradication rates for standard triple therapy (75-79%), in the aforementioned Italian studies, may be an indirect marker of medium clarithromycin resistance [START_REF] Vaira | Sequential therapy versus standard triple-drug therapy for Helicobacter pylori eradication: a randomized trial[END_REF][START_REF] Jafri | Meta-analysis: sequential therapy appears superior to standard therapy for Helicobacter pylori infection in patients naive to treatment[END_REF] . Moreover, sequential therapy achieved a 75% eradication rate (41/55 patients) when exposed to documented clarithromycin-resistant strains in literature, whereas it was absolutely futile (0% eradication rate) in patients with dual resistance to clarithromycin and metronidazole [START_REF] Gisbert | Sequential therapy for Helicobacter pylori eradication: a critical review[END_REF] .

In this regard, the validation process of the sequential therapy regimen outside of Italy has lead to controversial results. Similar successful eradication rates have been obtained in other settings such as Thailand (96%) [START_REF] Sirimontaporn | Ten-day sequential therapy for Helicobacter Pylori infection in Thailand[END_REF] or Taiwan (92%) 25 , whereas much more modest results have been recently obtained in Panama (85%) [START_REF] Ruiz-Obaldía | Helicobacter pylori eradication with either conventional 10-day triple therapy or 10-day modified sequential regimen. (preliminary report)[END_REF] , France (85%) [START_REF] Kalach | Sequential therapy regimen for Helicobacter pylori infection in children[END_REF] , Spain (84%) [START_REF] Sánchez-Delgado | Ten-day sequential treatment for Helicobacter pylori eradication in clinical practice[END_REF] and Korea (80% and 77.9%) [START_REF] Park | The 10-day sequential therapy for Helicobacter pylori eradication in Korea: less effective than expected[END_REF][START_REF] Choi | Effectiveness of 10 day-sequential therapy for Helicobacter pylori eradication in Korea[END_REF] . In fact, most of the studies regarding sequential therapy published during 2008 and 2009 had eradication rates lower than 90% eradication rates and, in some cases, even ≤ 80% [START_REF] Sirimontaporn | Ten-day sequential therapy for Helicobacter Pylori infection in Thailand[END_REF][25][START_REF] Ruiz-Obaldía | Helicobacter pylori eradication with either conventional 10-day triple therapy or 10-day modified sequential regimen. (preliminary report)[END_REF][START_REF] Kalach | Sequential therapy regimen for Helicobacter pylori infection in children[END_REF][START_REF] Park | The 10-day sequential therapy for Helicobacter pylori eradication in Korea: less effective than expected[END_REF] . Further controversy regarding sequential therapy has been provoked with the results of several studies performed outside of Italy that have been unable to demonstrate differences between sequential and standard triple regimens [START_REF] Ruiz-Obaldía | Helicobacter pylori eradication with either conventional 10-day triple therapy or 10-day modified sequential regimen. (preliminary report)[END_REF][START_REF] Kalach | Sequential therapy regimen for Helicobacter pylori infection in children[END_REF][START_REF] Park | The 10-day sequential therapy for Helicobacter pylori eradication in Korea: less effective than expected[END_REF][START_REF] Choi | Effectiveness of 10 day-sequential therapy for Helicobacter pylori eradication in Korea[END_REF] . Thus, studies validating both the cure rate of sequential therapy and its advantage over triple standard therapy in settings with different patterns of antimicrobial resistance are required before it can be widely recommended in clinical practice. Attending to the results of the present study, it will be especially mandatory in geographical areas with high rate of clarithromycin-resistant H. pylori strains.

Alternative therapeutic regimens are awaited in settings where empiric therapies do not produce a ≥ 80% cure rate on ITT basis. Besides the use of levofloxacin-triple therapy in second and third-line regimens, encouraging cure rates (≥ 90%) have been obtained in first-line schemes in Italy [START_REF] Cammarota | Efficacy of two oneweek rabeprazole/levofloxacin-based triple therapies for Helicobacter pylori infection[END_REF][START_REF] Caro | Levofloxacin based regimens for the eradication of Helicobacter pylori[END_REF][START_REF] Marzio | Role of the preliminary susceptibility testing for initial and after failed therapy of Helicobacter pylori infection with levofloxacin, amoxicillin, and esomeprazole[END_REF][START_REF] Rispo | Levofloxacin in first-line treatment of Helicobacter pylori infection[END_REF] and the Netherlands 17 .

More recently, a novel levofloxacin modified sequential therapy has been described for the first time in Turkey with cure rates of 86% on PP and 82.5% on ITT [START_REF] Aydin | The modified sequential treatment regimen containing for Helicobacter Pylori eradication in Turkey[END_REF] . In the present study, levofloxacin-based triple (80%) and modified sequential scheme (82%) achieved in the present study "adequate" cure rates. These results for the modified sequential regimen are identical to those of the Turkish study. However, the overall results for both levofloxacin regimens in the present study are to be considered poor. A first course of antibiotic therapy for H. pylori infection should only be considered good if it achieves a cure rate on ITT basis > 90% [START_REF] Graham | New concepts of resistance in the treatment of Helicobacter pylori infections[END_REF] . Indeed, fluoroquinolones resistance has been rapidly increasing and this antibiotic family will probably become useless in the short term [START_REF] Gisbert | Rescue" regimens after Helicobacter pylori treatment failure[END_REF][START_REF] Graham | New concepts of resistance in the treatment of Helicobacter pylori infections[END_REF] . This trend is confirmed by our results using levofloxacin triple regimen in first-line therapy for H. pylori since 2007 (84.4% [START_REF] Gisbert | First-line triple therapy with levofloxacin for Helicobacter pylori eradication[END_REF] , 82.7% [START_REF] Gisbert | Levofloxacin, amoxicillin, and omeprazole as first-line triple therapy for Helicobacter Pylori eradication[END_REF] and 80.8% in the present study). Moreover, another recent Spanish study [START_REF] Castro-Fernández | Efficacy of triple therapy with a proton pump inhibitor, levofloxacin, and amoxicillin as first-line treatment to eradicate Helicobacter pylori[END_REF] could not demonstrate differences either between standard triple therapy (75%) and levofloxacin triple therapy (72%) on ITT basis. Similarly to our results with sequential therapy, the collective Spanish results represent the lowest eradication rates reported for triple levofloxacin regimen in firstline therapy, which contrast with cure rates ≥ 90% reported in other settings. Therefore, the current prevalence of antibiotic resistance (clarithromycin, metronidazole and possibly levofloxacin) has probably increased to such an extent in some settings, such as Spain, that all patients should be considered as having resistant H. pylori infections to maintain acceptable cure rates [START_REF] Graham | New concepts of resistance in the treatment of Helicobacter pylori infections[END_REF] . In this troublesome scenario, alternative regimens for initial treatment merit as well further evaluation, such as traditional bismuth-based quadruple therapy and concomitant therapy (non-bismuthcontaining therapy giving the 4 constituent components of sequential therapy concurrently for 5-10 days) [START_REF] Gisbert | Sequential therapy for Helicobacter pylori eradication: a critical review[END_REF][START_REF] Gisbert | Rescue" regimens after Helicobacter pylori treatment failure[END_REF][START_REF] Graham | New concepts of resistance in the treatment of Helicobacter pylori infections[END_REF] . Since bismuth-based quadruple therapy is not influenced by metronidazole or macrolide resistance, it has been recommended as the treatment of choice when clarithromycin resistance rates are ≥ 15% in the community [START_REF] Vakil | Helicobacter pylori treatment: is sequential or quadruple therapy the answer?[END_REF]33 . Nevertheless, a recent meta-analysis failed to find a significant difference in the success rate in primary treatment between quadruple and standard triple therapy [START_REF] Luther | Empiric quadruple vs. triple therapy for primary treatment of Helicobacter pylori infection: systematic review and meta-analysis of efficacy and tolerability[END_REF] , which were both suboptimal (<80%). Additional disadvantages of bismuth quadruple therapy are that it is the most complex therapy, even despite a novel single capsule containing bismuth, metronidazole and tetracycline, and that bismuth salts are not available anymore in many countries [START_REF] Gisbert | Sequential therapy for Helicobacter pylori eradication: a critical review[END_REF][START_REF] Vakil | Helicobacter pylori treatment: is sequential or quadruple therapy the answer?[END_REF] .

On the other hand, the advantage of concomitant therapy over triple therapy has been recently demonstrated, as well as its equal effectiveness and safety with less complexity compared to sequential therapy 25,[START_REF] Essa | Meta-analysis: fourdrug, three-antibiotic, non-bismuth-containing "concomitant therapy" versus triple therapy for Helicobacter pylori eradication[END_REF] . The first randomized trial comparing concomitant and sequential therapies concluded that eradication rate was significantly better with concomitant therapy for clarithromycin-resistant strains (75% vs 57%) and dual clarithromycin and metronidazole resistant-strains (75% vs 33%) 25 . Overall, clarithromycin-based sequential and concomitant therapies are encouraging novel regimens for primary H. pylori eradication but it remains to be elucidated whether both schemes are really effective in settings with a high prevalence of clarithromycin resistance, as occurs in most developed countries nowadays.

The present study has several shortcomings. A major drawback is the lack of pretreatment susceptibility testing for clarithromycin and levofloxacin. Prevalence of clarithromycin resistance has been reported to be < 15% in adults in our country [START_REF] Gisbert | Helicobacter pylori resistance to metronidazole and to clarithromycin in Spain. A systematic review[END_REF][START_REF] Gomollon | Helicobacter pylori resistance to metronidazole and clarythromicin: descriptive analysis 1997-2000[END_REF] . Nonetheless, more recent studies have highlighted an increasing trend in its prevalence in adults and children (22%) [START_REF] Diaz Reganon | Susceptibility of 36 Helicobacter pylori clinical isolates to four first-line antibiotics and virulence factors[END_REF] , with primary H. pylori resistant-strains in children as high as 49% for clarithromycin and 32% for metronidazole [START_REF] Agudo | High percentage of clarithromycin and metronidazole resistance in Helicobacter pylori clinical isolates obtained from Spanish children[END_REF] . On the contrary, levofloxacin seems to have a relatively low resistance rate (<6%) in our country [START_REF] Diaz Reganon | Susceptibility of 36 Helicobacter pylori clinical isolates to four first-line antibiotics and virulence factors[END_REF]40 , which contrasts with the increasing trend in other settings, ranging from 14% to 22% 41 . However, the higher cost of levofloxacin regimens is a major concern when dealing with a common disease as H. pylori infection. As such, it seems cautious to currently save levofloxacin for second and third line regimens.

In conclusion, the efficacy of sequential therapy may be suboptimal (< 80%) in areas with a high rate of failure for triple standard therapy. Sequential therapy is a novel promising approach which deserves consideration, but its cure rates and its advantage over standard triple regimen require validation outside of Italy before a generalized change is recommended in clinical practice, especially in settings with high rate of clarithromycin-resistant H. pylori strains. At the present time, levofloxacin triple and modified sequential therapy are good alternatives, albeit burdened with a 20% failure rate and a higher cost. On this point, further studies addressing and comparing both sequential and concomitant quadruple schemes are warranted. 
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Figure 2 .

 2 Figure2. ITT cure rates were: OCA (64%; 55-73%), OLA (80%; 73-88%), OACM (76%;

5 5 Specific objectives and hypotheses. 4 6

 5546 ObjectivesOutcomes

8

 8 Method used to generate the random allocation sequence, including details of any restrictions (e.g., blocking, stratification)Method used to implement the random allocation sequence (e.g., numbered containers or central telephone), clarifying whether the sequence was concealed until interventions were assigned.Randomization --Implementation 10Who generated the allocation sequence, who enrolled participants, and who assigned participants to their groups. 5 Blinding (masking) 11

Table 1 .

 1 Demographic and clinical characteristic of patients from the total cohort and in each therapeutic group after randomisation. OCA: triple standard; OLA: levofloxacin triple therapy; OACM: sequential therapy with claritrhomycin; OALM: modified sequential therapy with levofloxacin.
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Table 2 .

 2 Adverse events due to antibiotic therapy in patients from the total cohort and in each therapeutic group after randomisation. OCA: triple standard; OLA: levofloxacin triple therapy; OACM: sequential therapy with claritrhomycin; OALM: modified sequential therapy with levofloxacin.

	Total	OCA	OLA	OACM	OALM
	cohort				

Non investigated dyspepsia Functional dyspepsia Peptic ulcer disease
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