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ABSTRACT

Background: The V Spanish Consensus Conference on Helicobacter pylori recommended either a 14-day non-bismuth quad-
ruple concomitant therapy (CT: proton pump inhibitor [PPI], clarithromycin, amoxicillin, and metronidazole) or a 10-day
bismuth-containing quadruple therapy (Sc-BQT: PPI, bismuth, tetracycline, and metronidazole in a single capsule). The relative
advantages of each remain uncertain.

Aim: To compare the effectiveness and safety of first-line empirical CT versus Sc-BQT in Spain.

Methods: We analysed data from treatment-naive patients enrolled in the European Registry on H. pylori Management (Hp-
EuReg; 2013-2024). Multivariate logistic regression with propensity score weighting and bootstrap analysis (10,000 replicas)
estimated modified intention-to-treat effectiveness and safety.

Results: We evaluated 13,787 treatments: 7234 (52%) with CT—10 and 14 days, and 6553 (48%) with Sc-BQT—every 6 and
8h. Sc-BQT showed greater effectiveness than 14-day CT (94% vs. 91%; p <0.001). However, 14-day CT with standard-dose
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PPI (93%) outperformed Sc-BQT every 6 h with low-dose PPI (90%) (p =0.043). Sc-BQT every 8 h with high-dose PPI achieved
the highest eradication (98%) (p =0.015). Adherence was similar with Sc-BQT (94%) and 14-day CT (93%), being highly asso-
ciated with eradication success (p <0.001). Sc-BQT, particularly with low- or standard-dose PPI, had a better safety profile

(p<0.001).

Conclusion: Sc-BQT is more effective, better tolerated, and more broadly applicable than 14-day CT. Both regimens
achieved >90% success, but Sc-BQT's stewardship-friendly profile further supports its use as first-line therapy for H. pylori

eradication.

1 | Introduction

Helicobacter pylori (H. pylori), a gram-negative bacterium, in-
fects approximately half of the global population. It is identified
as the primary factor behind conditions, such as gastritis, peptic
ulcer disease, and gastric cancer [1]. However, nowadays the ap-
propriate treatment of choice is still unclear.

The Maastricht VI/Florence consensus defines effective H.
pylori eradication therapy as achieving cure rates of >90%
[1], emphasising the importance of tailoring drug combina-
tions, dosages, and acid suppression for success [2]. In Europe,
bismuth-containing quadruple therapy (BQT) is the recom-
mended first-line treatment due to widespread clarithromycin
resistance [3], while non-bismuth quadruple therapy (CT) is an
alternative [4], except in regions with high dual resistance to
clarithromycin and metronidazole [5-7]. Both regimens demon-
strate high efficacy when appropriately applied.

The 2022 Spanish consensus on H. pylori highlighted advance-
ments in treatment, recommending both quadruple therapies
(CT and BQT) as first-line options with similar evidence levels
[8]. While the classical BQT is limited by the unavailability of
tetracycline and bismuth, the introduction of a single-capsule
BQT (Sc-BQT, Pylera) has simplified administration. Sc-BQT
has shown excellent efficacy as both first-line and rescue ther-
apy, even in cases of dual resistance to clarithromycin and
metronidazole [9-11]. Additionally, in Spain, this Sc-BQT has
proven more effective when prescribed every 6h, that is three
capsules four times a day (off-label) as compared to the official
prescription, that is every 8h with four capsules three times a
day (as per the technical sheet) [12].

Data from the European Registry on H. pylori Management (Hp-
EuReg) show a shift in first-line empirical prescription practices
in Spain, likely driven by recent clinical consensus guidelines.
From 2013 to 2018, triple therapies (primarily standard triple
therapy with amoxicillin and clarithromycin) or non-bismuth
CT were used in about half of the Spanish Hp-EuReg popula-
tion. However, from 2019 to 2024, CT or Sc-BQT became the
preferred treatment choice (Figure S1), probably to avoid clari-
thromycin use given the resistance prevalence of this antibiotic
in Spain is above 15% [3, 13].

To compare two different treatments, it is essential to eval-
uate their effectiveness, safety, compliance, impact of local
bacterial antibiotic resistance (especially to clarithromycin),
cost-effectiveness, and market availability. Currently, there is
a lack of studies directly comparing CT and Sc-BQT, as most

previous literature has focused on comparing CT with classic
BQT [14, 15].

Therefore, the objective of the current study was to compare
the effectiveness, safety, and compliance of the two most fre-
quently prescribed first-line empirical therapies in Spain: CT
and Sc-BQT.

2 | Methods

The “European Registry on H. pylori Management” (Hp-EuReg)
is an international multicentre prospective non-interventional
registry recording information of H. pylori infection manage-
ment since May 2013. Detailed information can be found in the
published protocol [16].

Current study data were recorded in an Electronic Case Report
Form (e-CRF) using the collaborative research platform
REDCap hosted at “Asociacién Espafiola de Gastroenterologia”
(AEG; www.aegastro.es), a non-profit Scientific and Medical
Society focused on Gastroenterology research [17, 18]. Data were
anonymised. Written, informed consent was obtained from all
patients included in the study.

To analyse data from Spain's 17 autonomous communities, four
geographic regions were grouped based on sample size: North,
North-East, Centre, and South. Region was included solely as a
possible confounder variable to account for differences in pre-
scription patterns across Spain, rather than variations in the
prevalence of bacterial resistance.

Treatment regimens included 10- and 14-day CT and a 10-day
Sc-BQT, with Sc-BQT evaluated using two schedules: the one
following the technical sheet [every 6h (three capsules, four
times daily)], and the off-label prescription [every 8 h (four cap-
sules, three times daily; usually with meals, that is, with break-
fast, lunch and dinner)].

Patients with a known allergy to penicillin were not prescribed
CT, as this regimen includes amoxicillin. Consequently, current
study design reflects real-life prescribing patterns rather than
a randomised allocation, and the CT group inherently excludes
individuals with penicillin allergy. In contrast, Sc-BQT (which
does not contain penicillin) is suitable for such patients and
could be used in this subgroup.

Proton pump inhibitor (PPI) dosages were standardised using
omeprazole equivalents (OE), categorised into low (ranging
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from 4.5 to 27mg OE), standard (ranging from 32 to 40mg OE),
and high doses (ranging from 54 to 128 mg OE) to ensure com-
parability, as reported by Graham et al. [19] and Kirchheiner
et al. [20] (Table S1). Adverse events (AEs) were classified by
severity. Compliance was defined as taking >90% of prescribed
medication.

Statistical analysis: Univariate and multivariate analyses were
conducted to evaluate modified intention-to-treat (mITT) treat-
ment effectiveness and safety (AEs incidence) across variables,
such as treatment regimens and durations, PPI dose and com-
pliance, using Chi-square and Kruskal-Wallis tests for group
comparisons.

Propensity score (PS) weighting, using Standardised Mortality
Ratio Weighting (SMRW), addressed confounder imbalances
[21, 22]. For mITT analysis of varying treatment durations, a
generalised boosted model (GBM) with the Average Treatment
Effect (ATE) estimated PS and outcomes, implemented via the
weightit package [23].

Logistic regression models with 10,000 bootstraps, using the car
[24], boot.pval [25] and bayestestR [26] packages, enhanced ro-
bustness. Odds ratios (ORs) with 95% confidence intervals (CIs)
identified factors influencing eradication success and AEs inci-
dence, with statistical significance set at p <0.05.

Detailed information on the categorisation of variables and the
statistical analyses conducted is available in File S2.

3 | Results
3.1 | Baseline Characteristics

This study evaluated the Spanish cohort of the Hp-EuReg
(Figure S2), analysing 13,787 cases. The study population had a
mean age of 52 (+15) years, with 60% female patients, predom-
inantly treated for non-investigated dyspepsia (33%) or dyspep-
sia with normal endoscopy findings (37%). H. pylori diagnosis
was primarily made by histology (47%), followed by the 13C-
urea breath test (29%), rapid urease test (18%), and stool antigen
test (13%).

3.2 | Prescriptions

Among the patients assessed, 7234 (52%) were prescribed non-
bismuth quadruple therapy (CT), while 6553 (48%) received
single-capsule bismuth quadruple therapy (Sc-BQT). The
most frequent prescription schedules were 14-day CT (34%)
and Sc-BQT every 6h (29%), followed by 10-day CT (19%) and
Sc-BQT every 8h (19%). Both 10- and 14-day CT, as well as Sc-
BQT every 6 h, were predominantly prescribed with low-dose
PPIs (45% and 55%, respectively). Conversely, Sc-BQT every
8h was often administered with standard or high-dose PPIs,
each in about one-third of cases. All treatments in our cohort
included a PPI administered twice daily, rather than once or
three times daily. All CT regimens followed the same antibiotic
dosing schedule: 500 mg of clarithromycin, 1000 mg of amox-
icillin, and 500 mg of metronidazole, each taken twice daily

(i.e., every 12h), as recommended by the Spanish consensus
guidelines. In the case of Sc-BQT, both the on-label regimen
(as per the product's technical sheet) and the off-label schedule
included 140 mg of bismuth subcitrate potassium, 125mg of
metronidazole, and 125 mg of tetracycline per capsule.

All Spanish geographical regions showed balanced prescriptions
for each of the four treatment groups; however, in the Centre,
Sc-BQT every 8h was the most prescribed (43%), whereas in
the South, Sc-BQT every 6h (31%) and 14-day CT (34%) were
most common, as was the case in the North (21% and 22%,
respectively).

Baseline patient characteristics for each treatment group—10-
and 14-day CT and 10-day Sc-BQT every 6 and 8 h—are detailed
in Table 1, with variables analysed before and after propensity
score matching (data not shown).

3.3 | Effectiveness

First-line empirical treatment effectiveness was significantly
lower (p <0.001) for 10-day CT (89% by PP and 88% by mITT)
compared to 14-day CT (92% and 91%, respectively). Similarly,
Sc-BQT administered every 6h showed, in the overall analysis,
lower (p <0.001) effectiveness (93% for both PP and mITT) than
Sc-BQT every 8h (95% for both).

Cure rates varied based on the PPI dose prescribed (Table S2).
For example, mITT effectiveness exceeding 90% was observed
for 10-day CT only when combined with a high-dose PP1(92%),
for 14-day CT with either standard- or high-dose PPI (both
93%), and for Sc-BQT, regardless of prescription type or PPI
dosage. However, statistically significant (p <0.001) higher
cure rates were achieved for Sc-BQT administered every 6h
combined with either standard- or high-dose PPI (both 96%)
or every 8h with high-dose PPI (96%) compared to other Sc-
BQT regimens.

Therapeutic groups, defined by varying treatment durations
and PPI doses, were evaluated through multivariate analysis
using different methods adjusted by PS, as detailed in the sec-
tions below.

3.4 | Concomitant Therapy

The first analysis compared the two CT prescriptions (eval-
uating the different combinations in terms of duration and
PPI dose). The reference category was a 14-day course of CT
administered with a standard-dose PPI, and all other pre-
scription combinations were compared against this baseline.
This analysis showed that 14-day CT with low-dose PPI (the
most frequent CT combination used in the studied cohort)
(OR 0.82; 0.72-0.92; p<0.001), 10-day CT with low-dose PPI
(OR 0.59; 0.52-0.56; p<0.001), and 10-day CT with standard-
dose PPI (OR 0.45; 0.40-0.50; p <0.001) were significantly as-
sociated with lower mITT effectiveness. On the other hand,
when 10-day CT was prescribed with high-dose PPI, signifi-
cantly higher effectiveness was achieved compared with 14-
day CT with standard-dose PPI. Additionally, 14-day CT with
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TABLE1 | Baseline characteristics and prescriptions after propensity score adjustment.

CT Sc-BQT
Prescriptions, N (%) 10days 1l4days Every6h Every 8h
CT 2600 (36%) 4634 (64%) NA NA
Sc-BQT NA NA 3999 (61%) 2554 (39%)
Dose of PPI*
Low 1587 (61%) 1682 (36%) 2196 (55%) 751 (29%)
Standard 603 (23%) 997 (22%) 1026 (26%) 801 (31%)
High 398 (15%) 1937 (42%) 759 (19%) 995 (39%)
Recruitment years
2013-2019 2381 (92%) 1872 (40%) 1229 (31%) 551 (22%)
2020-2024 219 (8.4%) 2762 (60%) 2770 (69%) 2003 (78%)
Gender
Female 1616 (62%) 2703 (58%) 2477 (62%) 1552 (61%)
Male 983 (38%) 1922 (42%) 1520 (38%) 1001 (39%)
Age, Median (IQR) 50 (40, 61) 56 (44, 67) 55 (43, 67) 53 (41, 63)
Age 18-30 281 (11%) 406 (8.8%) 324 (8.1%) 254 (9.9%)
Age 31-50 1066 (41%) 1578 (34%) 1358 (34%) 952 (37%)
Age 51-70 1030 (40%) 2039 (44%) 1750 (44%) 1095 (43%)
Age 71-highest 223 (8.6%) 611 (13%) 567 (14%) 253 (9.9%)
Indications for H. pylori investigation
Dyspepsia and others 2006 (84%) 3416 (80%) 3001 (82%) 2060 (89%)
Ulcer (gastric and duodenal) 393 (16%) 849 (20%) 650 (18%) 264 (1%)
Geographical region®
Centre 463 (18%) 1601 (35%) 943 (24%) 1096 (43%)
Northeast 841 (32%) 1131 (24%) 980 (25%) 577 (23%)
North 403 (16%) 1034 (22%) 836 (21%) 249 (9.8%)
South 893 (34%) 857 (19%) 1229 (31%) 631 (25%)

Abbreviations: A, amoxicillin; AE, adverse event; B, bismuth salts; C, clarithromycin; CT, concomitant therapy; IQR, interquartile range; ITT, intention-to-treat; M,
metronidazole; mITT, modified intention-to-treat; NA, not applicable; PP, per protocol; PPI, proton pump inhibitor; Sc-BQT, single capsule bismuth quadruple therapy;

Tc, tetracycline.

2Low dose PPI: 4.5 to 27mg OE b.i.d; standard dose PPI: 32 to 40mg OE b.i.d; high dose PPI: 54 to 128 mg OE b.i.d.
YNorth: Cantabria, Navarra, Galicia, La Rioja, Pais Vasco, Asturias; North-East: Aragon, Catalufia, Valencia, Baleares; Centre: Castilla Ledn, Castilla la Mancha,

Madrid, Extremadura; South: Andalucia, Murcia, Canarias.

“The percentage provided corresponds to the number of cases within each treatment group (i.e., either CT or Sc-BQT). After propensity score, p-values for region, age

and recruitment years were: 0.31; 0.99 and 0.71; respectively.

high-dose PPI exhibited significantly higher effectiveness (OR
1.31; 1.15-1.49; p<0.001) than 14-day CT with standard-dose
PPI (Figure S3A,B).

Additionally, the effect of PPI dosage was evaluated using an
analysis of predicted probabilities of effectiveness. The re-
sults showed that high-dose PPI provided a better probability
of effectiveness than standard-dose PPI when prescribed with
14-day CT. The differences were even greater with 10-day CT
(Figure S4), confirming the findings of the abovementioned
multivariate analysis.

3.5 | Single Capsule Bismuth Quadruple Therapy

All prescriptions in this comparison were for 10-day regimens.
The baseline for this analysis was Sc-BQT administered every
6h with standard-dose PPI. Compared to this baseline, Sc-BQT
every 6 h with low-dose PPI was the only group that was associ-
ated with significantly lower effectiveness (OR 0.64; 0.55-0.74;
p<0.001).

Conversely, Sc-BQT every 6h with high-dose PPI (OR 1.35;
1.14-1.59; p=0.001), Sc-BQT every 8h with low-dose PPI (OR
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1.25; 1.06-1.47; p=0.008), and Sc-BQT every 8 h with standard-
dose PPI (OR 2.64; 2.16-3.25; p=0.001) were all associated with
significantly higher effectiveness compared to the baseline.
Finally, Sc-BQT administered every 8h with high-dose PPI
demonstrated similar results to the reference category (OR 1.00;
0.85-1.17; p=0.97) (Figure S5A,B).

The analysis of predicted probabilities confirmed the findings
of the multivariate analysis, showing that effectiveness was
higher for Sc-BQT every 6h when combined with high-dose
PPI and with Sc-BQT every 8h regardless of the PPI dose used.
Nonetheless, the highest values were observed with the off-label
prescription, that is, with Sc-BQT every 8 h with standard-dose
PPIs (Figure S6).

3.6 | Importance of Treatment Duration and PPI
Dose in Prescriptions

As a first step, CT and Sc-BQT were compared regardless of
treatment duration or PPI dosage. The multivariate analy-
sis confirmed that Sc-BQT was significantly associated with
higher eradication success compared to CT (OR 1.55; 1.35-1.77;
p<0.001). These findings were also further validated by the
bootstrap analysis (Table S3).

Secondly, CT and Sc-BQT were compared taking into account
varying durations and regimen schedules. The baseline category
was 14-day CT. The final model showed that 10-day CT was signifi-
cantly associated with a lower mITT cure rate (OR 0.75; 0.69-0.82;
p<0.001), whereas significantly higher effectiveness was observed
for both Sc-BQT every 6h and every 8 h (OR 1.45;1.31-1.59 and OR
1.88; 1.69-20.9; respectively, both p <0.001) (Table S4).

Lastly, the effectiveness of all different Sc-BQT combinations
was evaluated. This analysis considered various treatment du-
rations and PPI dosages, controlling for CT groups and other in-
dependent variables within the PS-matched Spanish cohort. The
baseline was 14-day CT with standard-dose PPI, and all other
therapeutic groups were compared against it.

The analysis found that 10-day CT with either low- or standard-
dose PPI was associated with significantly lower effectiveness
compared to the baseline (OR 0.54; 0.38-0.75; p <0.001 for low-
dose PPI; OR 0.44; 0.29-0.68; p<0.001 for standard-dose PPI).
Similarly, 14-day CT with low-dose PPI (OR 0.59; 0.45-0.77;
p<0.001) and Sc-BQT administered every 6 h with low-dose PPI
(OR0.75;95% C10.56-0.99; p=0.04) showed lower effectiveness.

In contrast, 10- and 14-day CT with high-dose PPI, Sc-BQT every
6h with high-dose PPI, and Sc-BQT every 8 h with either low- or
standard-dose PPI showed similar effectiveness to the baseline,
with no statistically significant differences. However, Sc-BQT
every 6h with standard-dose PPI (OR 1.61; 1.08-2.46; p=0.02)
and Sc-BQT every 8h with high-dose PPI (OR 1.66; 1.11-2.52;
p=0.015) were associated with significantly higher effective-
ness than the baseline. These results were also confirmed by the
bootstrap analysis (Table 2 and Figure S7A,B).

The analysis of predicted probabilities confirmed the abovemen-
tioned multivariate findings. Among Sc-BQT regimens, those

administered every 6h with standard-dose PPI and every 8h
with high-dose PPI achieved the highest mITT cure rates, all
exceeding 95% effectiveness (Figure S8).

3.7 | Safety

Overall, 3753 (27%) patients experienced at least one AE.
Among these, 650 (25%) cases occurred in the 10-day CT
group, 1476 (32%) in the 14-day CT group, 1017 (26%) in the
Sc-BQT every 6 h group, and 610 (24%) in the Sc-BQT every
8h group. Significant differences (p <0.001) were observed in
the univariate analysis between the 10- and 14-day CT groups;
however, no significant differences were found between the
two Sc-BQT schedules.

Conversely, significant differences were observed based on
the PPI dose used in the regimen. The highest rates were re-
ported for 14-day CT groups, regardless of whether standard- or
high-dose PPI was used (38% and 41%, respectively; p <0.001).
Similarly, high-dose PPI was associated with the highest rates
when prescribed within the Sc-BQT regimen every 6h (49%) or
every 8h (34%; both p <0.001) (Table S5).

Regarding the types of AEs experienced, the most frequent were
diarrhoea, nausea, and asthenia in all treatments groups with a
limited duration between 1 and 10days, and most of them (80%
of the cases) exhibited mild intensity.

Additionally, among all treated cases, 16 (0.12%) reported a seri-
ous AE: 2 were experienced with 10-day CT, 7 with 14-day CT,
5 with Sc-BQT every 6h, and 2 with Sc-BQT every 8h. All of
them were associated with hospitalisations due to the following
causes: abdominal pain (14-day CT group), amoxicillin hyper-
sensitivity (14-day CT group), pseudomembranous colitis (Sc-
BQT every 6h group), Clostridioides difficile infection causing
diarrhoea (Sc-BQT every 6 and every 8h groups), severe diar-
rhoea of unknown causes (10-day CT group), hypertension
(Sc-BQT every 6h group), oedematous-ascitic decompensation
(14-day CT group), intestinal subocclusion (10-day CT group),
dizziness and vomits (Sc-BQT every 6h group), oedema, vom-
iting and papuloerythematous lesions (14-day CT group), oral
mycosis and oesophageal candidiasis (14-day CT group), bil-
iary pancreatitis, and acute cholecystitis (14-day CT group).
Treatment was interrupted due to an AE in 254 (1.8%) patients.

The multivariate analysis of safety (Table 3) considered all ther-
apeutic groups, taking into account treatment duration, regimen
schedule, and PPI dose, using 14-day CT with a standard-dose PPI
as the baseline reference category. The analysis revealed that, when
combined with a low-dose PPI, all regimens—regardless of the CT
duration or Sc-BQT schedule—were significantly (p <0.001) asso-
ciated with a lower incidence of AE compared to the baseline.

For standard-dose PPI, Sc-BQT every 8 h was likewise associated
with a decrease in AE incidence (OR 0.42; 0.32-0.55; p<0.001),
while Sc-BQT every 6 h showed a similar safety profile (OR 0.96;
0.78-1.18; p=0.71).

In contrast, when all groups were combined with a high-dose
PPI, a significantly higher AE incidence was observed, except
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TABLE 2 | Multivariate analysis of the propensity score-matched Spanish cohort in the evaluation of first-line empirical effectiveness of
concomitant and single capsule bismuth quadruple therapies according to varying duration and proton pump inhibitor dose.

Bootstrap replicas
Multivariate analysis adjusted by standardised mortality ratio (SMR) weighting prepi

propensity score R=10,000

Dependent variable: mITT effectiveness

Characteristics OR? 95% CIORP P ORP 95% CIORP P

Prescription

14-day CT standard-dose PPI

14-day CT low-dose PPI 0.59 0.45-0.77 <0.001 0.59 0.42-0.85 0.0018
14-day CT high-dose PPI 0.99 0.71-1.36 0.94 0.98 0.67-1.49 0.9312
10-day CT low-dose PPI 0.54 0.38-0.75 <0.001 0.53 0.36-0.8 0.001
10-day CT standard-dose PPI 0.44 0.29-0.68 <0.001 0.44 0.27-0.72 0.0004
10-day CT high-dose PPI 0.96 0.52-1.91 0.896 0.96 0.51-1.77 0.9072
Sc-BQT every 6h standard-dose PPI 0.75 0.56-0.99 0.043 0.74 0.53-1.07 0.0762
Sc-BQT every 6 h low-dose PPI 1.62 1.08-2.46 0.021 1.62 1.02-2.54 0.0334
Sc-BQT every 6 h high-dose PPI 1.51 0.96-2.44 0.082 1.52 0.9-2.49 0.0964
Sc-BQT every 8 h low-dose PPI 1.33 0.90-2.01 0.162 1.33 0.84-2.11 0.2152
Sc-BQT every 8h standard-dose PPI 1.17 0.79-1.75 0.431 1.17 0.75-1.84 0.4958
Sc-BQT every 8h high-dose PPI 1.66 1.11-2.52 0.015 1.66 1.06-2.61 0.0268
Gender

Female

Male 0.94 0.82-1.09 0.412 0.94 0.81-1.1 0.4444
Age (years)

18-30 0.88 0.69-1.13 0.325 0.88 0.68-1.16 0.3614
31-50 0.94 0.73-1.19 0.615 0.94 0.72-1.24 0.6392
51-70 1.02 0.75-1.39 0.904 1.02 0.71-1.46 0.9088
71-highest

Compliance

No (<90% drug intake)

Yes (>90% drug intake) 7.72 5.72-10.40 <0.001 7.79 5.42-10.84 0
Treatment indication

Dyspepsia and others

Ulcer 1.23 1.00-1.54 0.058 1.24 0.98-1.55 0.0628

Geographical region®

Centre

North-east 0.54 0.45-0.64 <0.001 0.54 0.45-0.65 0
North 1.24 0.96-1.61 0.102 1.24 0.94-1.62 0.1132
South 0.98 0.81-1.20 0.854 0.98 0.78-1.23 0.8844
Recruitment years

2013-2018

2019-2023 0.85 0.72-1.02 0.078 0.85 0.72-1.02 0.0634

Note: CT: concomitant therapy; Sc-BQT: single capsule bismuth quadruple therapy; mITT: modified intention-to-treat; PPI: proton pump inhibitor; Low dose PPI: 4.5
to 27mg OE b.i.d; standard dose PPI: 32 to 40mg OE b.i.d; high dose PPI: 54 to 128 mg OE b.i.d. Bold values indicate statistical significance at p <0.05.

2North: Cantabria, Navarra, Galicia, La Rioja, Pais Vasco, Asturias; North-East: Aragon, Catalufia, Valencia, Baleares; Centre: Castilla Leén, Castilla la Mancha,
Madrid, Extremadura; South: Andalucia, Murcia, Canarias.

bObservations: 12.261; R? Tjur 0.043.

814 Alimentary Pharmacology & Therapeutics, 2025

85U8017 SUOWILLIOD @A 18810 3[eoldde ayy Aq peusenob ae ssjoiie YO ‘8sn Jo SNl 10} ArIqIT8UIIUO A1 UO (SUONIPUOD-PUB-SULBI WO A8 | IMAleIq 1[eUl|UO//SANL) SUORIPLOD PUe SWie | 8U 88S *[5202/60/62] U0 AkeiqiTaulluo Ae|im ‘ obfenug ure - 1Legsio einer Aq T92021de/TTTT OT/I0p/A0o A8 |IM Ake.q 1 |pulUO//:SANY WO. papeo|umod ‘8 ‘SZ0Z ‘9E02S9ET



TABLE 3 | Multivariate analysis of the propensity score-matched Spanish cohort in the evaluation of safety of first-line empirical concomitant

and single capsule bismuth quadruple therapies according to varying duration and proton pump inhibitor dose.

Multivariate analysis adjusted by standardised mortality ratio (SMR) weighting

Bootstrap replications

propensity score R=10,000

Dependent variable: incidence of at least one adverse event

Reference category: 14-day CT with standard-dose PPI

Characteristics OR® 95% CI® p b 95% CI® p
Prescription

14-day CT standard-dose PPI — — — —

14-day CT low-dose PPI 0.44 0.37-0.54 <0.001 0.44 0.36-0.56 0
14-day CT high-dose PPI 1.42 1.19-1.70 <0.001 1.42 1.17-1.73 0
10-day CT low-dose PPI 0.7 0.55-0.88 0.003 0.70 0.55-0.89 0.003
10-day CT standard-dose PPI 1.79 1.30-2.44 <0.001 1.79 1.32-2.41 0
10-day CT high-dose PPI 0.42 0.25-0.67 <0.001 0.42 0.25-0.75 0.001
Sc-BQT every 6 h low-dose PPI 0.45 0.37-0.54 <0.001 0.45 0.37-0.55 0
Sc-BQT every 6 h standard-dose PPI 0.96 0.78-1.18 0.71 0.96 0.78-1.19 0.7248
Sc-BQT every 6 h high-dose PPI 1.8 1.45-2.24 <0.001 1.81 1.46-2.23 0
Sc-BQT every 8h low-dose PPI 0.64 0.51-0.81 <0.001 0.64 0.5-0.83 0.001
Sc-BQT every 8 h standard-dose PPI 0.42 0.32-0.55 <0.001 0.42 0.31-0.56 0
Sc-BQT every 8h high-dose PPI 1.3 1.06-1.59 0.013 1.30 1.03-1.63 0.03
Gender

Female

Male 0.7 0.63-0.77 <0.001 0.70 0.63-0.77 0
Age (years)

18-30

31-50 0.86 0.73-1.02 0.082 0.86 0.71-1.04 0.127
51-70 0.92 0.78-1.09 0.322 0.92 0.76-1.1 0.386
71-highest 1.38 1.14-1.68 0.001 1.38 1.12-1.69 0.002
Compliance

No (<90% drug intake)

Yes (>90% drug intake) 0.07 0.05-0.09 <0.001 0.07 0.05-0.1 0
Treatment indication

Dyspepsia and other

Ulcer 1.22 1.08-1.39 0.002 1.22 1.08-1.38 0.001
Geographical region®

Centre

North-east 0.84 0.74-0.96 0.01 0.84 0.73-0.97 0.019
North 2.72 2.38-3.10 <0.001 2.72 2.36-3.11 0
South 0.27 0.23-0.31 <0.001 0.27 0.23-0.32 0
Recruitment years

2013-2018

2019-2023 0.75 0.67-0.85 <0.001 0.75 0.67-0.85 0

Note: CT: concomitant therapy; Sc-BQT: single capsule bismuth quadruple therapy; mITT: modified intention-to-treat; PPI: proton pump inhibitor; low dose PPI: 4.5 to
27mg OE b.i.d; standard dose PPI: 32 to 40mg OE b.i.d; high dose PPI: 54 to 128 mg OE b.i.d. Bold values indicate statistical significance at p < 0.05.
2North: Cantabria, Navarra, Galicia, La Rioja, Pais Vasco, Asturias; North-East: Aragén, Catalufia, Valencia, Baleares; Centre: Castilla Ledn, Castilla la Mancha,

Madrid, Extremadura; South: Andalucia, Murcia, Canarias.
bObservations: 12,432; R? Tjur 0.144.
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for the 10-day CT group, which showed a better safety profile
than the baseline (OR 0.42; 0.25-0.67; p <0.001) (Figure S9A,B).

The analysis of predicted probabilities corroborated the mul-
tivariate findings, showing a higher probability of AEs in all
groups when combined with a high-dose PPI, except for 10-day
CT and Sc-BQT every 8h (Figure S10).

3.8 | Compliance

Overall, patients adhered to treatment in 97% of cases.
Adherence was higher in Sc-BQT (every 6 h, 94%; and every 8h,
95%) than in 14-day CT (93%), although the differences were not
statistically significant.

When analysed alongside other independent factors potentially
associated with higher eradication success, compliance was the
variable with the strongest and most significant impact on treat-
ment outcome (OR 7.72); 5.72-10.4; p < 0.001 (Table 2).

4 | Discussion

This study compared the effectiveness, safety, and compliance
of CT and Sc-BQT, both recommended as first-line empirical
H. pylori eradication therapies in Spain, where clarithromycin
resistance exceeds 15% and metronidazole resistance is below
40% [8].

Both 10- or 14-day CT and 10-day Sc-BQT (every 6 or 8h)
achieved over 90% effectiveness, with Sc-BQT showing higher
eradication rates overall. The best CT outcomes occurred with
14-day treatment and at least a standard-dose PPI, while Sc-BQT
performed optimally with standard-dose PPI (every 6 or 8 h) or
high-dose PPI (every 8h). Notably, the every-8-h Sc-BQT regi-
men demonstrated superior safety compared to every-6-h Sc-
BQT and 14-day CT.

The choice of first-line treatment in each country will depend
primarily on the rate of resistance of H. pylori to the different
antibiotics [3, 13, 27-30]. In Spain, CT has been widely used
for H. pylori eradication due to its high success rates and com-
prehensive treatment regimen. This strategy involves admin-
istering a PPI along with three antibiotics—clarithromycin,
amoxicillin, and metronidazole—over 10-14days to target the
pathogen through different mechanisms and address resistance
issues [4, 31]. Clinical data indicate that CT achieves eradica-
tion rates often exceeding 90% when dual (both to clarithro-
mycin and metronidazole) resistance is below 15%, which is
typically the case in our setting, and maintains an acceptable
safety profile with manageable side effects [1, 4]. However, the
use of clarithromycin without prior susceptibility testing is gen-
erally not recommended due to growing concerns over antibiotic
resistance and its reduced efficacy in eradication therapies. In
many cases, clarithromycin may be unnecessary due to resis-
tance, leading to what is referred to as the prescription of large
amounts of this antibiotic without benefit [29]. This overuse can
contribute to the broader problem of antimicrobial resistance,
threatening the effectiveness of treatments not only for H. pylori
but also for other infections where clarithromycin remains a key

therapeutic option. Thus, current international guidelines rec-
ommend avoiding the empiric use of this antibiotic if the local
resistance prevalence is above 15%, as it is the case in Spain.
In such regions, regimens without clarithromycin, mainly in-
cluding bismuth-based quadruple therapies, are now preferred
[1, 32]. However, if non-bismuth quadruple CT has to be admin-
istered, it is more effective when given for 14 days, compared to
10 or 7days, and is likely more effective with higher PPI doses
(it is recommended to use at least omeprazole 40mg/12h or its
equivalent [2, 8, 33]).

The Sc-BQT formulation, marketed as Pylera, has been en-
dorsed in the latest V Spanish Consensus as an effective first-
line alternative to CT [8]. Sc-BQT combines bismuth subcitrate,
tetracycline, and metronidazole, which work synergistically to
overcome H. pylori antibiotic resistance and improve eradication
rates. Clinical experience has shown that Sc-BQT, when used
together with a PPI, can achieve high effectiveness, often ex-
ceeding 95% in first-line treatment [10], around the 90% thresh-
old in subsequent rescue lines [34, 35], and also in the presence
of single clarithromycin or dual clarithromycin-metronidazole
antibiotic resistance [10]. Furthermore, Sc-BQT has also been
positioned as a recommended first-line treatment in patients
allergic to penicillin [8, 36]. This distinction is clinically im-
portant, as it impacts the interpretation of the mITT analysis:
Sc-BQT can be prescribed to virtually all patients, whereas CT
cannot. Therefore, even though a direct statistical comparison
between CT and Sc-BQT was performed using propensity score-
adjusted data, the generalisability of CT is intrinsically limited
by its contraindication in penicillin-allergic patients. This factor,
alongside the observed higher eradication rates, strengthens the
case for Sc-BQT as a preferred first-line therapy.

Given Sc-BQT's superior clinical versatility and high effective-
ness—including its applicability in penicillin-allergic patients—
its comparative performance against CT has been widely studied
[11] since its European Medicines Agency (EMA) approval in
2006. To gain further insight into the results of our study for
these two therapies compared to other non-Hp-EuReg studies,
a mapping review was conducted (File S3). The selected studies
compared CT and Sc-BQT and were from Italy, Greece, Lebanon,
and Spain—all countries with similar prevalence of bacterial re-
sistance to clarithromycin and metronidazole, two key antibiot-
icsused in CT [3, 28]. In these studies (Table S6), ITT efficacy for
CT varied widely from 77% to 96%, while that of Sc-BQT ranged
from 82% to 100%. The meta-analysis was initially conducted
without considering CT duration (Figure S1A,B) and later in-
cluded a comparison of 14-day CT versus Sc-BQT to address
the study question (Figure S12A,B). This comparison showed
no difference in the ITT analysis, with a similar cure rate for
Sc-BQT compared to 14-day CT (88% vs. 89%, respectively; risk
difference —0.01; —0.07 to 0.05, p=0.79; 6 studies, I=78%). In
the PP analysis, slightly better cure rates were observed with
Sc-BQT compared to 14-day CT (93% vs. 95.5%, respectively;
risk difference —0.000; 95% CI, —0.03 to 0.02; p=0.81; 6 stud-
ies, I’=27%), though, again, the difference was not statistically
significant.

Although the efficacy results from our mapping review showed
lower cure rates for both therapies compared to the Hp-EuReg
outcomes—Ilikely due to the high level of commitment of the
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gastroenterologists participating in the registry—the overall
comparison results were consistent with those of the current
study. This alignment enhances the robustness and reliabil-
ity of the findings of the present Hp-EuReg study, showing
an approximate effectiveness increase of 2%-4% with Sc-BQT
compared to 14-day CT. This result represents a small im-
provement consistent with the findings of the mapping review.
Furthermore, several systematic reviews and meta-analyses
conducted in the world regions evaluating the efficacy of
BQT (encompassing both the single capsule formulation and
the classic regimen with antibiotics administered separately)
versus CT also confirmed the aforementioned conclusions
[15, 37, 38]. While these studies consistently report a slight
improvement in efficacy for BQT, this difference might not be
clinically relevant, as the improvement in eradication rates is
small and may not translate into significant differences in pa-
tient outcomes. Therefore, despite the statistical significance,
the choice between these regimens should also consider other
factors, such as cost, patient compliance, or local resistance
patterns, which may ultimately have a greater impact on clin-
ical practice.

Higher PPI doses significantly improved the effectiveness of
both therapies, aligning with findings from a recent Hp-EuReg
study [39]. While 14-day CT with sufficient PPI dosing (>40mg
omeprazole equivalents twice daily) outperformed Sc-BQT with
low-dose PPI, increasing PPI doses in Sc-BQT every 6 h showed
no added benefit. This underscores the critical role of suffi-
cient PPI dosing in any prescribed regimen. Notably, Sc-BQT
administered every 6h with high-dose PPI did not yield better
results compared to the same schedule with standard-dose PPI,
suggesting no further advantage from increased acid inhibition
within this regimen. Only Sc-BQT every 8 h with high-dose PPI
emerged as the most effective Sc-BQT combination, surpassing
all other regimens, including 14-day CT with standard-dose PPI.

Regarding therapy adherence, CT presents an advantage over
Sc-BQT, because it was administered every 12h, whereas Sc-
BQT was taken, as per our data cohort, most frequently, every
6h. However, compliance with CT (regardless of duration) was
significantly lower than that with Sc-BQT, as reported in a pre-
viously published study from Hp-EuReg, where the CT regimen
was among the therapies with the lowest adherence [40]. This
is likely because the Sc-BQT formulation as a single-capsule
treatment reduces the nuisance of taking multiple separate med-
ications, unlike CT, which requires taking three different an-
tibiotics separately. This advantage would potentially enhance
patient adherence and subsequently efficacy, especially when
the treatment is prescribed three times a day as compared to
the traditional four times a day schedule, according to a recent
study [12]. Finally, we emphasise the critical role of patient ad-
herence in achieving optimal outcomes. Even highly effective
regimens, such as CT and Sc-BQT can yield suboptimal results
if adherence is not ensured through adequate patient education
and support.

It is also worth mentioning that Sc-BQT is typically prescribed
for 10days, which is considered sufficient and does not require
14days, whereas CT for 14days is generally preferred over
10days. In this context, shorter treatment durations have been
consistently associated with a lower incidence of AEs, as shown

in our study, where the 14-day CT group exhibited the highest
incidence of AEs (32%). In this regard, although only one seri-
ous AE related to penicillin allergy was reported, it is likely that
minor hypersensitivity reactions (e.g., rash, pruritus) occurred
more frequently in the CT group. Due to the retrospective nature
of the registry and variability in AE reporting across centres,
these events may have been underreported. This limitation fur-
ther underscores again the advantage of Sc-BQT, which does not
include penicillin and is suitable for a broader range of patients,
including those with known -lactam allergies.

In terms of cost, calculated from the official website of the
Spanish Ministry of Health (https://www.sanidad.gob.es/profe
sionales/nomenclator.do), the cost of 14-day CT (€60) and 10-day
Sc-BQT (€66), both with standard-dose PPI, is similar. However,
Sc-BQT is significantly more expensive in countries like the U.S.
($300-$1100 depending on the pharmacy; www.drugs.com, ac-
cessed 11/12/2024). Finally, CT has better global availability, as
Sc-BQT and its components, bismuth and tetracycline, are less
accessible in many regions.

Our study has several limitations, including its retrospective
design and the heterogeneity among regions and centres from
a unique country, Spain. This variability extends beyond the
management of infection and therapeutic accessibility or costs
to differing rates of bacterial antibiotic resistance, making it
challenging to generalise the results in the studied country,
to Europe or globally. In addition, since no cultures were per-
formed in our study, we do not have information on antibiotic
resistances. In light of the global rise in antimicrobial resistance,
antibiotic stewardship has become an essential principle in the
selection of eradication regimens. CT, which combines three key
antibiotics—clarithromycin, amoxicillin, and metronidazole—
deviates from the core tenets of prudent antibiotic use. This
broad-spectrum approach may promote the development of mul-
tidrug resistance in both gastric and intestinal microbiota. In
contrast, Sc-BQT includes tetracycline—an antibiotic with min-
imal current clinical use outside H. pylori treatment—thereby
posing a lower risk of contributing to future resistance. From
a stewardship perspective, Sc-BQT aligns more closely with re-
sponsible prescribing practices and should be considered a more
sustainable first-line option. The importance of integrating an-
timicrobial stewardship principles into clinical decision-making
should be reflected in treatment guidelines and emphasised in
the interpretation of therapeutic efficacy. That said, while re-
sistance testing may be ideal, the high success rates of Sc-BQT
make it less essential.

Among the strengths of our study are its large sample size, the
largest to date evaluating these two therapies, and the compre-
hensive 12-year time span analysed, which adds robustness to
the findings. Although this is an observational study, compar-
isons were performed using data from a uniform geographical
setting with consistent resistance rates, and PS analysis was em-
ployed (thus, reducing confounding bias, by creating compara-
ble groups with similar baseline characteristics).

To summarise, if CT is selected, a 14-day regimen is more ef-
fective than 10-day prescriptions; however, its effectiveness
depends on being combined with at least a standard-dose PPI,
with high-dose PPI being preferable to maximise eradication
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rates. On the other hand, both Sc-BQT (every 6h and 8h),
when prescribed with at least standard-dose PPIs, demon-
strated small (2%-4%) but statistically significant higher cure
rates compared to 14-day CT. Sc-BQT also showed a better
safety profile in terms of tolerance, although the clinical rel-
evance of these differences in both efficacy and safety may
be limited. Regarding compliance, Sc-BQT had slightly bet-
ter outcomes than 14-day CT. Both treatments were similarly
priced in our setting, though this may vary in other countries.
Finally, recent international guidelines recommend, as first-
line regimens, bismuth-based quadruple therapies that do not
contain clarithromycin.

In conclusion, both 14-day CT and Sc-BQT regimens—admin-
istered every 6 or 8h and combined with standard or high-dose
PPIs—demonstrated high eradication rates and maintained ac-
ceptable safety profiles, confirming their effectiveness as first-
line treatments for H. pylori. Among these, Sc-BQT prescribed
every 8h (four capsules, three times daily) outperformed the
traditional every-6-h schedule, offering more simplicity and
warranting further investigation. Notably, the combination of
Sc-BQT every 8h with a high-dose PPI emerged as the most ef-
fective regimen, offering superior tolerability and stronger align-
ment with current international guidelines. Finally, beyond
clinical efficacy, Sc-BQT offers broader applicability, including
for penicillin-allergic patients, and reflects a more sustainable,
antibiotic-sparing strategy aligned with principles of antimicro-
bial stewardship.
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