ORIGINAL ARTICLE

Korean J Gastroenterol Vol. 76 No. 3, 142-149
https://doi.org/10.4166/kjg.2020.76.3.142
pISSN 1598-9992 elSSN 2233-6869 J

de|AHE nrd=zd ZHe YRt
Esomeprazole E3F Ex Ay Q|
H|i A3

Efficacy of Seven-day High-dose Esomeprazole-based Triple Therapy versus Seven-day
Standard Dose Non-esomeprazole-based Triple Therapy as the First-line Treatment of
Patients with Helicobacter pylori Infection

Young Dal Lee, Sung Eun Kim, Seun Ja Park, Moo In Park, Won Moon, Jae Hyun Kim, Kyoungwon Jung and Jiyun Song1

Departments of Internal Medicine, Medicine®, Kosin University College of Medicine, Busan, Korea

Background/Aims: The rates of Helicobacter pylori (H. pylori) eradication have declined with the use of proton pump in-
hibitor-amoxicillin-clarithromycin as the first-line triple therapy. On the other hand, several studies have suggested that high gas-
tric pH levels could affect the H. pylori eradication rate by enhancing the efficacy of antimicrobials. This study compared the effi-
cacy of seven-day high-dose esomeprazole-based triple therapy (7-HEAC) for first-line H. pylori eradication with the seven-day
standard dose non-esomeprazole-based triple therapy (7-NEAC) to identify the risk factors related to eradication failure.
Methods: This study included 223 patients who were diagnosed with a H. pylori infection and received 7-HEAC or 7-NEAC between
June 2016 and January 2017. The H. pylori eradication rates, as well as demographic and clinical factors, were investigated
retrospectively. H. pylori eradication was confirmed by a 3C-urea breath test or rapid urease test at least 4 weeks after the com-
pletion of therapy.

Results: The eradication rates were 67.7% (105/155; 95% ClI 59.5-74.8%) in the 7-NEAC group and 80.9% (55/68; 95% CI
69.9-89.8%) in the 7-HEAC group (p=0.045). The adverse event rates were 5.8% (9/155) in the 7-NEAC group and 7.4% (5/68) in
the 7-HEAC group (p=0.661). Multivariate analysis revealed being female (OR 2.08; 95% Cl 1.15-3.76) to be associated with the
failure of H. pylori eradication therapy.

Conclusions: The eradication rate of the 7-HEAC group was higher than that of the 7-NEAC group. Nevertheless, more effective
first-line therapies may be necessary for H. pylori eradication in the near future. (Korean J Gastroenterol 2020;76:142-149)
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INTRODUCTION (PPI), amoxicillin, and clarithromycin, is one of the most popu-
lar regimens as a first-line eradication therapy for a H. pylori
Standard triple therapy, containing a proton pump inhibitor infection. On the other hand, the efficacy of standard triple
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therapy is decreasing worldwide." This trend has also been
noticed in Korea, and the reported eradication rates of H.
pylori using standard triple therapy were 84.9-87.5% from
2001 to 2007 and 80.0-81.4% from 2008 to 2010
(p<0.0001), showing a declining tendency over the past 10
years in Korea.? Therefore, a potent first-line regimen is re-
quired for successful H. pylori eradication.

Several components influence successful eradication, in-
cluding antibiotic resistance of H. pylori, compliance of the
patients, and host and bacterial factors. Acid suppression is
also a critical factor in eradication. Thus, the possibility that
the type of PPl could affect the eradication rate was
suggested. Among the PPIs, esomeprazole, which is the S-iso-
mer of omeprazole, was the first PPl available for clinical use
as an optical isomer.? Esomeprazole is less metabolized by
cytochrome P450 2C19 (CYP2C19) than omeprazole.
Therefore, it has a higher bio-availability and greater gastric
acid suppression than omeprazole.3'4 The metabolic advant-
age of esomeprazole is that it enhances the plasma concen-
tration, leading to a higher area under the curve.’

Recent studies using potassium-competitive acid blockers
(P-CABs) reported a rapid onset of action and dose-dependent
effects on acid production, but P-CABs are not available out-
side Asia, Europe, and the United States.® Therefore, this
study compared the efficacy of a seven-day high-dose esome-
prazole-based triple therapy as a first-line H. pylori eradication
treatment with a seven-day standard dose non-esomepra-
zole-based triple therapy. In addition, the risk factors asso-
ciated with eradication failure were identified.

SUBJECTS AND METHODS

1. Study population

This retrospective study included patients who visited Kosin
University Gospel Hospital from June 2016 and January 2017
and were diagnosed with a H. pylori infection, for which they
received first-line PPI-containing triple therapy. H. pylori pos-
itivity was verified by a rapid urease test or a 3Curea breath
test before and after the eradication therapy. Compliance was
classified as good or poor by the pill count based on the
medical records. Participants who consumed >80% of the pre-
scribed medicine were entered into the good compliance
group, and those who consumed <80% of the prescribed med-
icine were placed in the poor compliance group. Patients were

excluded if they were poorly compliant or lost to follow-up.
They were also excluded if they underwent 10-14 days of
first-line PPl-containing triple therapy or another anti-
biotic-based eradication therapy, including metronidazole.

With regard to the demographic features, this study eval-
uated the alcohol and smoking habits, comorbidities (e.g., dia-
betes mellitus or hypertension), area of residence, endoscopic
diagnoses, and side effects of eradication therapy. Urban resi-
dence was factored if the participants lived in metropolitan
cities of Korea, and rural residence was considered if the
participants did not reside in metropolitan cities. Endoscopic
findings, such as gastric ulcers, duodenal ulcers, gastric and
duodenal ulcers, previous endoscopic submucosal dissection
state due to adenoma or early gastric cancer, mucosa-asso-
ciated lymphoid tissue lymphoma, gastritis, dyspepsia, and
gastric polyps were verified by gastroscopy or gastroscopy with
a biopsy. The adverse effects of eradication therapy were con-
firmed by reviewing the medical records.

2. H. pylori eradication therapy and follow-up

The seven-day high-dose esomeprazole-based triple ther-
apy or seven-day standard dose non-esomeprazole-based tri-
ple therapy was prescribed for patients undergoing first-line
H. pylori eradication therapy. High-dose esomeprazole-based
triple therapy consisted of 40 mg of esomeprazole, 1 g of
amoxicillin, and 0.5 g of clarithromycin twice daily for seven
days (7-HEAC). The standard dose non-esomeprazole-based
triple therapy included a standard dose of PPl except esome-
prazole, 1 g amoxicillin, and 0.5 g clarithromycin twice daily
for seven days (7-NEAC). The standard dose non-esomepra-
zole PPIs was comprised of rabeprazole 20 mg and lansopra-
zole 30 mg.

Subsequently, a 3C-urea breath test or a rapid urease test
was performed to assess the extent of H. pylori eradication
at least 4 weeks after completing the treatment. Before the
3C-urea breath test or a rapid urease test was performed,
the patients discontinued PPI or histamine (Hz) receptor an-
tagonist treatment for at least 2 weeks.

3. Rapid urease test

Endoscopic biopsy of the gastric mucosa was conducted
to identify a H. pylori infection with the rapid urease test (CLO
test®, Delta West, Bentley, Australia). The antrum and corpus
were the sites of the gastric mucosal biopsy, and normal or
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near-normal gastric mucosa with minimal atrophy or intestinal
metaplasia was acquired. The tissue sample was immersed
in the rapid urea reagent. The result was deemed positive
when the reagent color changed from yellow to red at least
12 hours later. The result was deemed negative if there was
no change in reagent color.

4. "*C-urea breath test

The patients fasted for at least 4 hours before collect-
ing the first breath sample. The patients then consumed
tablets containing 100 mg of “>C-urea (UBiTkit™, Otsuka
Pharmaceutical, Tokyo, Japan) with 100 mL of water orally.
The second breath sample was collected 20 min after tak-
ing the tablets. The breath samples obtained were ana-
®Curea breath test (UBIT-IR300%; Otsuka
Electronics, Osaka, Japan). The cut-off value of the proce-

lyzed using a

dure was set to 2.5%o.

5. Statistical analyses

All statistical analyses were conducted using the Statistical
Package for the Social Sciences software version 20.0 (SPSS,

Table 1. Baseline Characteristics of the Subjects

EH
=

Chicago, IL, USA). The H. pylori eradication rate was evaluated
through per-protocol (PP) analysis. The categorical variables
and continuous variables were analyzed using a Chi-square
(XQ) test and a Student’s t-test, respectively. The results of
univariate and multivariate logistic regression analyses of the

P =0.045

Eradication rate (%)

7-HEAC

7-NEAC

Fig. 1. Helicobacter pylori eradication rates of 7-HEAC and 7-NEAC
(p=0.045). 7-NEAC, 7-day standard dose non-esomeprazole-based
triple therapy; 7-HEAC, 7-day high-dose esomeprazole-based triple
therapy.

7-day Standard dose

7-day High-dose esomeprazole-containing

non-esomeprazole-containing triple therapy triple therapy (n=68) p-value
(n=155)
Age (years) 54.1+10.3 53.9+11.8 0.907
Gender 0.560
Male 91 (58.7) 37 (54.4)
Female 64 (41.3) 31 (45.6)
Residence 0.761
Rural 27 (17.4) 3(19.1)
Urban 128 (82.6) 55 (80.9)
Cigarette smoking 30 (19.4) 14 (20.6) 0.856
Alcohol intake 61 (39.4) 36 (52.9) 0.078
Diabetes mellitus 16 (10.3) 10 (14.7) 0.369
Hypertension 29 (18.7) 23 (33.8) 0.017°
Endoscopic diagnosis 0.067
Gastric ulcer 43 (27.7) 19 (27.9)
Duodenal ulcer 69 (44.5) 28 (41.2)
Gastric ulcer+Duodenal ulcer 2(1.3) 3(4.4)
Post ESD due to adenoma or EGC 28 (18.1) 7 (10.3)
Others® 13 (8.4) 11 (16.2)

Values are presented as meantstandard deviation or n (%).

SD, standard deviation; ESD, endoscopic submucosal dissection; EGC, early gastric cancer; MALT lymphoma, mucosa-associated lymphoid tissue

lymphoma.

@0Others include MALT lymphoma, dyspepsia, gastric polyp and gastritis;

®Indicates statistical significance.
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risk factors were expressed as the odds ratios (ORs) and 95% RESULTS
Cl. p-values<0.05 were considered significant.
1. Patient characteristics
Two hundred twenty-three patients were finally enrolled in
the current study. Among them, 155 patients were treated
with 7-NEAC, which consisted of 144 patients in the lansopra-

Table 2. Side Effects after the Eradication Therapies

7- ndari
day standard dose 7-day high-dose esomeprazole-containing triple

non-esomeprazole-containing triple therapy therapy (n=68) p-value
(n=155)

Diarrhea 4 (2.6) 2(2.9) 0.878
Bloating or abdominal pain 0(0.0) 1(1.5) 0.130
Nausea or vomiting 2(1.3) 0 (0.0) 0.347
Skin rash 1(0.6) 1(1.5) 0.547
Others® 2(1.3) 1(1.5) 0.914
Total 9(5.8) 5(7.4) 0.765

Values are presented or n (%).
@0thers include myalgia, headache and bitter sensation in the mouth.

Table 3. Related Factors regarding Eradication Failure of Eradication Therapies

Eradication success Eradication failure
cation su cation failu Univariate pvalue  Multivariate pvalue  Adjusted OR (95% CIy?

(n=160) (n=63)
Age 0.615 0.913 1.04 (0.52-2.09)
<50 46 (74.2) 16 (25.8)
>50 114 (70.8) 47 (29.2)
Gender 0.014° 0.015° 2.08 (1.15-3.76)"
Male 100 (78.1) 28 (21.9)
Female 60 (63.2) 35 (36.8)
Residence 0.614 0.703 1.17 (0.52-4.64)
Rural 30 (75.0) 10 (25.0)
Urban 130 (71.0) 53 (29.0)
Cigarette smoking 0.364 0.578 1.30 (0.51-3.32)
No 126 (70.4) 53 (29.6)
Yes 34 (77.3) 10 (22.7)
Alcohol intake 0.055 0.295 0.67 (0.32-1.41)
No 84 (66.7) 42 (33.3)
Yes 76 (78.4) 21 (21.6)
Diabetes mellitus 0.533 0.312 0.59 (0.21-1.65)
No 140 (71.1) 57 (28.9)
Yes 20 (76.9) 6(23.1)
Hypertension 0.417 0.317 1.46 (0.70-3.05)
No 125 (73.1) 46 (26.9)
Yes 35 (67.3) 17 (32.7)

Values are presented or n (%).

OR, odds ratio; Cl, confidence interval.

®Logistic model including terms of age, gender, residence, cigarette smoking, alcohol intake, diabetes mellitus and hypertension; "Indicates
statistical significance.
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zole group and 11 patients in the rabeprazole group, and
68 patients were treated with 7-HEAC.

In terms of the baseline characteristics, the proportion of
patients with hypertension (33.8% vs. 18.7%, p=0.017) was
significantly higher in the 7-HEAC group. Otherwise, there were
no significant differences in age, gender, residence, history
of smoking or alcohol use, and diabetes mellitus between
the two groups. The endoscopic diagnosis showed no sig-
nificant differences in the rates of gastric ulcers, duodenal
ulcers, gastroduodenal ulcer, post-endoscopic submucosal
dissection status, and other endoscopic findings between the
two groups (Table 1).

2. H. pylori eradication rates

Fig. 1 presents the eradication rate of H. pylori according
to each eradication regimen. In PP analysis, the eradication
rates were 67.7% (105/155; 95% Cl 59.5-74.8%) and 80.9%
(55/68; 95% Cl 69.9-89.8%) in the 7-NEAC and 7-HEAC
groups, respectively (p=0.045). According to the type of PPIs,
the eradication rates were 69.4% (100/144; 95% ClI
61.5-76.3%) and 45.5% (5/11; 95% Cl 12.5-76.9%) in the
lansoprazole and rabeprazole groups using PP analysis,
respectively.

3. Adverse effects of eradication therapy

Adverse events were recorded in nine patients (5.8%) in
the 7-NEAC group and five patients (7.4%) in the 7-HEAC group
(p=0.765). The most common adverse events were diarrhea
(4/155, 2.6%), nausea or vomiting (2/155, 1.3%), and skin
rash (1/155, 0.6%) in the 7-NEAC group, and diarrhea (2/68,
2.9%), bloating or abdominal pain (1/68, 1.5%), and skin rash
(1/68, 1.5%) in the 7-HEAC group. The adverse events were
mild in all patients, with no significant differences between
the two groups (Table 2).

4. Factors associated with eradication failure

Table 3 lists the factors related to eradication failure.
Univariate and multivariate analyses indicated that only fe-
male gender (OR, 2.08; 95% Cl 1.15-3.76; p=0.015) was sig-
nificantly associated with eradication failure. No statistically
significant relationship was observed between eradication fail-
ure and other factors, including age, residence, history of
smoking or alcohol use, diabetes mellitus, and hypertension.

EH
=

DISCUSSION

In the current study, the H. pylori eradication rates asso-
ciated with the 7-NEAC and 7-HEAC regimens were 67.7% and
80.9%, respectively, and adverse events were noted in 5.8%
of the 7-NEAC group and 7.4% of the 7-HEAC group. Therefore,
the 7-HEAC group had a significantly higher eradication rate
than the 7-NEAC group, and the adverse effects of 7-HEAC
were similar to those of 7-NEAC. In addition, being female
contributed to eradication failure.

These results are in agreement with previous studies compar-
ing the H. pylori eradication rates associated with high-dose
PPl-based triple therapy and standard-dose PPl-based triple
therapy. A high-dose of PPI refers to a double-dose of PPI.’
A prospective Greek study showed that the eradication rate
of high-dose (40 mg b.i.d.) esomeprazole-based triple therapy
was significantly higher than that of the standard dose (20 mg
b.i.d.) omeprazole-based triple therapy.8 In particular, the erad-
ication rate was 96% (95% Cl 91-99%) in the high-dose esome-
prazole-based triple therapy group.8 Another study from Taiwan
reported that the eradication rate of esomeprazole-containing
triple therapy (40 mg b.i.d.) was significantly higher than that
of pantoprazole-containing triple therapy (40 mg b.i.d.).9
Meta-analysis also evaluated the benefits of high-dose PPI
in seven-day standard triple therapy.’® A total of 1,703 patients
from the six studies were included, and a mean intention-to-treat
(ITT) eradication rate of 82% was found in the high-dose PPI
group compared to the 74% in the standard dose PPI group
(risk ratio 1.09; 95% Cl 1.01-1.07)."° Therefore, the meta-analy-
sis showed that high-dose PPl was more efficient than stand-
ard-dose PPl in standard triple therapy.

Some studies reported different results from the present
study. Eradication rates of triple therapy based on four differ-
ent PPIs (omeprazole 20 mg b.i.d., pantoprazole 40 mg b.i.d.,
rabeprazole 20 mg b.i.d., and esomeprazole 40 mg b.i.d.)
were similar in a Korean study (p=0.517).7 The eradication
rates in the omeprazole, pantoprazole, rabeprazole, and eso-
meprazole groups were 64.9%, 69.3%, 69.3%, and 72.9%,
respectively.7 A recent ltalian study reported that according
to ITT and PP analyses, there were no differences in the erad-
ication rate between standard dose PPI-containing triple ther-
apy (esomeprazole 20 mg b.i.d.) and high-dose PPI-containing
triple therapy (esomeprazole 40 mg b.i.d.) groups (ITT analy-
sis, 73.9% vs. 81.9%, p=0.25; PP analysis, 78.2% vs. 85.5%,
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p=0.27).** Hsu et al.* reported no significant difference in
the H. pylori eradication rates between high-dose esomepra-
zole-containing triple therapy (40 mg b.i.d.) and low-dose eso-
meprazole-containing triple therapy (40 mg q.d.) (p>0.05).
Several studies comparing high-dose PPl-based and stand-
ard-dose PPl-based triple therapy showed that the eradication
rates differed depending on the type of PPI. In the majority
of studies, there were no significant differences in the erad-
ication rates with esomeprazole 40 mg twice daily and esome-
prazole 20 mg twice daily or 40 mg once dailyf"“‘12 The cyto-
chrome P450 system determines the metabolism of PPIs.
Among them, PPIs are catalyzed mainly by CYP2C19 and cyto-
chrome P450 3A4 (CYP3A4). Therefore, a CYP2C19 poly-
morphism could be a major factor in the treatment of PPIs."®
The degree of PPIs metabolism via CYP2C19 varies according
to the types of PPls. Omeprazole, lansoprazole, and pan-
toprazole are metabolized extensively by CYP2C19.™ In con-
trast, rabeprazole is metabolized prominently through a
non-enzymatic pathway with a minor CYP2C19 association.
Thus, rabeprazole is less affected by the CYP2C19 genotype
and has little interaction with other drugs."> As mentioned
above, esomeprazole has higher bio-availability and greater
acid suppression effect in the stomach.>* In addition, esome-
prazole therapy leads to fewer inter-individual variations in
acid control and a more rapid onset of acid suppress;ion.“'14
Therefore, esomeprazole is an effective and powerful acid in-
hibitor compared to other conventional PPls, which affect the
eradication rates by the persistent anti-H. pylori effect.
The role of acid suppression in eradication therapy is based
on the following: 1) the direct antibacterial activity of PPI, 2)
inhibition of urease activity, and 3) enhanced activity and stabil-
ity of antibiotics."™® Among them, increased activity and antibiotic
stability via acid suppression are the most notable because
they are associated with the H. pylori bioenergetics.™® According
to transcriptomics studies, the genes underlying H. pylori cell
division and cell wall synthesis showed elevated transcription
at neutral pH compared to acidic pH (pH 4.5)."° Because the
antibiotic effects of amoxicillin and clarithromycin are de-
termined by bacterial growth and cell envelope synthesis, their
bactericidal effect is activated in dividing bacteria.*® Sugimoto
et al.'” used 24 hours intragastric pH monitoring to determine
if gastric acid suppression affected eradication therapy. The me-
dian 24 hours gastric pH values were 6.4 and 5.2 in patients
with and without successful eradication, respectively

(p=0.0131), and successful eradication rates were associated
significantly with the degree of acid suppression.17

The eradication rates of the study were still unsatisfactory.
An eradication rate higher than 90% is considered as the
optimal cut-off therapy for PP analysis."® On the other hand,
a meta-analysis showed that the overall eradication rate of
standard triple therapy from 1998 to 2013 was 82.0% (95%
Cl 80.8-83.2%) based on PP analysis in 104 studies with
42,124 Korean patients.'® Between 2017 and 2018, a nation-
wide prospective multicenter study was conducted in Korea
to evaluate the antibiotic resistance rates of H. pylori. Overall,
580 patients were enrolled, and the resistance rates against
clarithromycin, metronidazole, levofloxacin, ciprofloxacin,
amoxicillin, and tetracycline were 17.8%, 29.5%, 37.0%,
37.0%, 9.5%, and 0%, respectively.”® A recent Korean study
conducted in the same region as the current study reported
antibiotic resistance rates of clarithromycin, metronidazole,
levofloxacin, ciprofloxacin, amoxicillin, and tetracycline of
19.3%, 19.3%, 40.9%, 40.9%, 11.3%, and 0%, respectively.”*
Therefore, more effective first-line eradication therapies, in-
cluding intensive acid suppression, are required in countries
showing increased antibiotic resistance, such as Korea.

Being female (OR 2.08; 95% Cl 1.15-3.76) was asso-
ciated with H. pylori eradication failure in this study.
Several studies reported that female gender influenced H.

2225 Moayyedi et al.”® speculated that

pylori eradication.
the gastric physiology probably differed between males and
females. A Korean study that investigated clarithromycin
mutation rates using the point mutation of the 23S rRNA
gene reported that females were infected predominantly
with clarithromycin-resistant H. pylori carrying the A2143G
mutation (p<0.005).27 Therefore, females with this point
mutation in the 23S rRNA of H. pylori strains contributed
to the failure of PPl-containing triple therapy, including
clarithromycin. Another Korean study, however, found no
significant difference in clarithromycin-resistant H. pylori
between males and females based on point mutations in
the 23S rRNA gene (p=0.087).25 Therefore, gender differ-
ences in the eradication of H. pylori need to be evaluated
in the future.

The study limitations relate to the lack of a histologijcal
diagnosis of H. pylori before and after eradication therapy.
A few patients underwent both a rapid urease test and a
3C-urea breath test for the confirmation of H. pylori.
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These limitations influence the eradication rate. On the
other hand, compared to the 80% sensitivity of H. pylori
based on histology,”® the sensitivity and specificity of the
rapid urease test ranged from 90% to 95% and 95% to
100%, respectively.”® Furthermore, the sensitivity and spe-
cificity of the 3C-urea breath test were 95% to 97% and
91% to 94%, respectively.>>**
is high and very convenient for clinical use.** Thus, the

The accuracy of both tests

absence of histology is unlikely to have affected the study
significantly.

In conclusion, treatment with high doses of an esomepra-
zole-containing triple-drug combination for seven days leads
to a higher eradication rate than the standard dose non-eso-
meprazole-containing triple-drug regimen for seven days, and
the adverse effects of both regimens are acceptable. Being
female is associated with a higher risk of eradication failure.
On the other hand, low eradication rates of H. pylori are still
under consideration. Therefore, further well-designed and
large-scale studies examining the efficacy of first-line erad-
ication therapies for H. pylori are required in Korea, including
studies with potent acid suppression.
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