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Soichiro Sue and Shin Maeda

Department of Gastroenterology, Yokohama City University Graduate School of Medicine, Yokohama, Japan

Article Info

Received July 31, 2020
Revised November 17, 2020
Accepted December 1, 2020

Corresponding Author

Shin Maeda

ORCID https://orcid.org/0000-0002-0246-1594
E-mail shinmaeda2-gi@umin.ac.jp

Vonoprazan (VPZ), a new potassium-competitive acid blocker, has been approved and used for
Helicobacter pylori eradication in Japan. To date, many studies, as well as several systematic
reviews and meta-analyses (MAs), have compared VPZ-based 7-day triple therapy with proton
pump inhibitor (PPI)-based therapy. An MA of randomized controlled trials (RCTs) comparing
first-line VPZ- with PPI-based triple therapy, the latter featuring amoxicillin (AMPC) and clarithro-
mycin (CAM), found that approximately 30% of patients hosted CAM-resistant H. pylori; however,
the reliability was poor because of high heterogeneity and a risk of selection bias. VPZ-based
triple therapy is superior to PPI-based triple therapy for patients with CAM-resistant H. pylori, but
not for those with CAM-susceptible H. pylori. An MA of non-RCTs found that second-line VPZ-
based triple therapies were slightly (~2.6%) better than PPI-based triple therapies (with AMPC
and metronidazole). However, the reliability of that MA was also low because of selection bias,
confounding variables and a risk of publication bias; in addition, it is difficult to generalize the
results because of a lack of data on antibiotic resistance. VPZ-based triple therapy (involving
AMPC and sitafloxacin) was more effective than PPI-based triple therapy in a third-line setting,
but a confirmatory RCT is needed. Non-RCT studies indicated that VPZ-based triple therapy
involving CAM and metronidazole may be promising. Any further RCTs must explore the antibi-
otic-resistance status when evaluating the possible superiority of a potassium-competitive acid
blocker. (Gut Liver 2021;15:799-810)
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that high-dose proton pump inhibitors (PPIs) enhance

INTRODUCTION

Helicobacter pylori-induced signaling pathways con-
tribute to the development of gastric carcinogenesis.' A
systematic review (SR) and meta-analysis (MA) found that
H. pylori eradication reduced the incidence and mortality
rates of gastric cancer.” Many clinical trials have assessed
the efficacy and safety of H. pylori eradication regimens.’
An intention-to-treat (ITT) cure rate that is “excellent”
(95% to 100%) is considered optimal, and a “good” cure
rate (90% to 95%) is considered acceptable.” It is important
to increase the gastric pH; H. pylori then enters an antibi-
otic-susceptible replicative state.” Several MAs have shown

eradication.”® Vonoprazan (VPZ) is a new potassium-
competitive acid blocker (P-CAB) approved in 2015 for
H. pylori eradication in Japan.’ Since that time, several
SRs and MAs comparing VPZ- and PPI-based therapies
have appeared,””"* but the same studies were reviewed
among several of the MAs. Furthermore, few randomized
controlled trials (RCTs) have been performed,” and many
studies lacked data on antibiotic resistance. Here, we focus
on study overlap and design and antibiotic resistance data.
We pose the question: is P-CAB really superior to a PPI in
terms of H. pylori eradication?
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INDICATION OF P-CAB
1. Mechanism of P-CAB action in patients with
various lesions

VPZ is a new P-CAB (other P-CABs include SCH28080)
that inhibits H+/K+ ATPases in a manner described as
rapid (the intragastric pH increased to over 4.0 within 4
hours'*), strong (the intragastric pH increased to over 5
and was maintained for 99% of the time when VPZ [20
mg] was given twice daily"), or stable (not affected by the
CP2C19 genotype'*'®). VPZ was the second P-CAB to be
approved worldwide (revaprazan was approved first, in
South Korea).

At pH >5, H. pylori enters the growth phase. Clarithro-
mycin (CAM) inhibits protein synthesis during growth,
and amoxicillin (AMPC) inhibits cell wall biosynthesis;
metronidazole (MNZ) targets DNA synthesis and acts dur-
ing both the growth and stationary phases.”” Thus, CAM
and AMPC function at pH >5, whereas MNZ is pH inde-
pendent.

SCH28080 is the prototype P-CAB that was developed
in the 1980s. This drug is short-acting and was never ap-
proved. Linaprazan was found to be as effective as esome-
prazole (40 mg) in patients with non-erosive reflux disease;
however, its clinical development was later suspended.'®
Revaprazan (a P-CAB) was approved in South Korea in
2005 for the treatment of gastroduodenal ulcers and gastri-
tis. However, endoscopic submucosal dissection revealed
that the drug was no more efficacious than 20 mg rabepra-
zole for treating ulcers.” In 2018, a new P-CAB, tegopra-
zan, was approved for H. pylori eradication in South Korea.
Tegoprazan was not inferior to lansoprazole when used to
treat gastric ulcers” and non-inferior to esomeprazole in
patients with erosive esophagitis.”' However, no data on H.
pylori eradication have been published. Tegoprazan may
be valuable in this context.

2. P-CAB based data: mainly with VPZ, in Japan, and

with triple therapy

P-CAB based data are mainly with VPZ based and in
Japanese population. First-line VPZ based regimens com-
pared to PPI based (Table 1), and second-line VPZ based
regimens compared to PPI based (Table 2) are studies with
Japanese population. In these studies, 7-day triple therapies
are used. In Japan, 7-day first-line triple therapy consist-
ing of VPZ or a PPI, AMPC, and CAM and 7-day second-
line triple therapy consisting of VPZ or a PPI, AMPC, and
MNZ are covered by national insurance. Esomeprazole,
rabeprazole, lansoprazole, or omeprazole serves as the PPI.
The approved doses are VPZ 20 mg bid (twice a day; 40

800 www.gutnliver.org

mg/day), esomeprazole 20 mg bid (40 mg/day), rabepra-
zole 10 mg bid (20 mg/day), omeprazole 20 mg bid (40
mg/day), AMPC 750 mg bid (1,500 mg/day), CAM 200 mg
or 400 mg bid (400 mg/day or 800 mg/day), and MNZ 250
mg bid (500 mg/day).

3. Antibiotic resistance background in a Japanese

population

Studies reviewed in this article are based on a Japanese
population, so the Japanese H. pylori antibiotic-resistance
status is important to understanding the setting and limita-
tion of this review. One MA found that CAM resistance re-
duced the eradication rate by 55% (95% confidence inter-
val [CI], 33 to 78), and MNZ resistance reduced the rate by
37.7% (95% CI, 29.6 to 45.7); CAM/MNZ resistance is the
principal cause of eradication failure.”” Whereas the MNZ-
resistance rate remains low,” the CAM-resistance rate has
increased, from 23.7% (56/236) in 2017** to 27.9% (41/147)
in 2018.” Table 1 lists the available data on antibiotic resis-
tance. The CAM-resistance rates were 35.5% (215/605) in
2016,” 39.5% (45/114) in 2016, 34.7% (143/412) in 2016,”
42.7% (123/288) in 2019,” and 25.6% (42/164) in 2020.”
The data differed according to the lesion type evaluated;
the average was 33.8% (665/1,996) (95% CI, 31.7 to 36.0).
The CAM-resistance rate exceeds 15% in Japan, which is
thus a high-CAM-resistance area. As shown in Table 2,
MNZ-resistance data are scarce. Horie et al.”’ reported that
the MNZ-resistance rate was less than 5% from 2005 to
2018. The AMPC-resistance rate is generally very low in
Japan. In 2020, Suzuki reported that the minimal inhibi-
tory concentration of AMPC was <0.03 pg/mL in 93.6%
(306/327) of subjects, 0.03 ug/mL in 5.2% (17/327) of
subjects, and 0.06 pug/mL in 1.2% (4/327) of subjects.” In
summary, Japanese population-based eradication studies
have found high rates (~33%) of CAM resistance, low rates
(<5%) of MNZ resistance, and very low rates of AMPC
resistance. This antibiotic resistance setting is the main
limitation of this review in generalizing to clinical settings
outside of Japan.

VPZ-COMPARED WITH PPI-BASED

FIRST-LINE TRIPLE THERAPY
CONSISTING OF AMPC AND CAM

As mentioned above, we ask: “is P-CAB really superior
to a PPI in terms of H. pylori eradication?” in the context
of first-line VPZ-based 7-day triple therapy consisting of
AMPC and CAM. As shown in Table 1, many relevant
studies have appeared.
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1. The need for CAM-resistance data

The CAM-resistance status is very important when
exploring whether first-line 7-day triple therapy consist-
ing of VPZ, AMPC, and CAM are superior to PPI-based
regimens. Attempts to generalize results in the absence of
CAM- and AMPC-resistance data™"" are both difficult and
misleading. Generalization may be possible in very limited
circumstances only (the trial sites and lesions are identi-
cal). The CAM-resistance rate is increasing in Japan, and

9,24-32

antibiotic-resistance rates vary by lesion. Generaliza-

tion to other countries is even less appropriate.

2. MAs of RCTs

MAs of RCTs evaluated high-quality evidence. In 2019,
Lyu et al.”’ concluded that VPZ-based triple therapies were
superior to PPI-based triple therapies based on ITT analy-
sis (91.4% [95% CI, 88.5 to 93.8] vs 74.8% [95% CI, 70.5
to 78.8]) and per-protocol (PP) analysis (92.6% [95% CI,
89.8 t0 94.9] vs 76.4% [95% CI, 72.1 to 80.3], respectively).
Three RCTs were analyzed,””* of those, one* had a risk
of bias because of allocation concealment, as randomiza-
tion was based on personal medical record numbers (odd
or even). A risk of selection bias was involved during the
assignment of 141 of 1,482 chronic gastritis cases (72 and
69 to the VPZ- and PPI-based treatments, respectively). In
another of the three RCTs, all subjects were CAM suscep-
tible.”” The final RCT evaluated was a phase III trial con-
ducted prior to approval of a new drug in Japan (performed
before VPZ approval);’ such trials usually exhibit selec-
tion bias. Heterogeneity was moderate in the ITT analysis
(I’=46%) and high in the PP analysis (I’=61%), indicating
that the MA was not reliable. If an MA is generalizable,
information on antibiotic resistance is important. Two of
the above RCTs contained such data,™* whereas the third
did not.” Of those receiving VPZ-based therapy, 259 were
CAM susceptible, 100 were CAM resistant, and 73 were
labeled “not applicable;” of those receiving PPI-based ther-
apy, 230 were CAM susceptible, 115 were CAM resistant,
and 64 were labeled “not applicable” The CAM-resistance
rates were approximately 27.9% and 33.3% among those
receiving VPZ-based and PPI-based therapies, respec-
tively; thus, it might be possible to generalize the result to
populations containing approximately 30% CAM-resistant
subjects. However, the CAM-resistance rate was lower in
the VPZ-treated than PPI-treated group (27.9% vs 33.3%),
biasing the results. We thus focused on the treatment ef-
ficacy in CAM-susceptible and -resistant subjects in sec-
tions 3.4 and 3.5 below. In summary, one MA of RCTs
indicated that VPZ-based therapy may be superior to PPI-
based therapy in populations exhibiting approximately
30% CAM resistance, but the reliability of that MA was low

given the high heterogeneity and risk of selection bias (lack
of allocation concealment).

3. MAs of non-RCTs

Table 1 shows that many non-RCTs have been per-
formed, but retrospective cohort studies lacking informa-
tion on antibiotic resistance are misleading, as the CAM-
resistance rates might have differed. Several MAs lack
antibiotic-resistance data and are as misleading as single
retrospective cohort studies lacking this information. The
MA by Dong et al. (2017)" discussed two RCTs,”* and 12
non-RCTs. %3744 Ope study™ performed propen-
sity score matching in the absence of antibiotic-resistance
data. Another™ featured triple therapy consisting of CAM,
MNZ or MNZ, and sitafloxacin (STFX; 88 of 13,495 cases);
we discuss this in the sixth chapter. That retrospective
study lacking antibiotic-resistance data was misleading.
The eradication rate was 85.1% in VPZ-treated patients
versus 68.0% in PPI-treated patients (p<0.00001) in the
ITT analysis and 89.0% versus 74.2% in the PP analysis
(p<0.00001)." Heterogeneity was high in the non-RCT
analysis (I’=65%) and low-to-moderate in the RCT analy-
sis (I’=26%), suggesting that the non-RCT data are unreli-
able. Jung et al. (2017)"" discussed one RCT’ and nine non-
RCTs**"**%¥4! Heterogeneity was high in the non-RCT
analysis (I’=72%), suggesting that the MA was as unreli-
able as that by Dong et al.

The MA by Li et al.”” discussed two RCTs,”* and three
non-RCTs****” with a focus on CAM-resistant and CAM-
susceptible subjects separately. We discuss that MA in the
next section.

No MA presented a funnel plot; we suspect that publi-
cation bias explains many of the differences between RCTs
and non-RCTs. Many retrospective studies have been
presented in Japanese conferences in Japanese, of which
few are published. Most studies are neither prospective nor
registered. Well-designed, registered, prospective studies
with pre-planned analysis methods would reduce publica-
tion bias. In summary, MAs that include non-RCTs are un-
reliable given their high heterogeneity and publication bias,
and it is difficult to generalize the results when antibiotic-
resistance data are lacking.

4. CAM-resistant subjects

In 2017, Dong et al.'’ published an MA of CAM-resis-
tant subgroups given first-line triple therapy consisting of
AMPC and CAM. The eradication rate was 81.5% (95%
CIL, 75.0 to 86.9) in the VPZ-based group versus 40.9%
(95% CI, 34.4 to 47.6) in the PPI-based group (odds ratio
[OR], 5.92; 95% CI, 3.70 to 9.45). Three studies were ana-
lyzed: one RCT (VPZ phase I11)’ and two retrospective
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studies.”*”” Heterogeneity was very low (I’=0%), indicating

high reliability. In 2018, Li et al."” published an MA of one
RCT (eradication rate of VPZ vs PPI: 82.0% vs 40.0%; OR,
6.83; 95% CI, 3.63 to 12.86), and two retrospective stud-
ies (eradication rate: 80.8% vs 41.8%; OR, 4.98; 95% CI,
2.47 to0 10.03). We did not compare VPZ- and PPI-based
therapies for CAM-resistant patients in our RCT* for ethi-
cal reasons. PPI-based therapies are associated with poor
eradication rates in subjects with CAM-resistant H. py-
Iori, and such patients should receive VPZ-based therapy.
We explored the utility of VPZ-based therapy for CAM-
resistant patients in a prospective study; the eradication
rate was 82.9% (95% CI, 67.9 to 92.8),” thus in the range
of “poor” (81% to 84%)." In 2020, Suzuki et al.”’ performed
a prospective study (of the control arm of an RCT); the
eradication rate was 76.2% (95% CI, 60.5 to 87.9) in CAM-
resistant patients given VPZ-based therapy.

As we noted in “2.1. Mechanism of P-CAB action in
patients with various lesions,” the mechanism of this supe-
riority is that rapid, strong, and stable acid block by P-CAB
results in AMPC and CAM becoming more effective, be-
cause at pH >5, H. pylori enters the growth phase. This is
also supported by recent VPZ-AMPC dual therapy results.

In summary, VPZ-based therapy is superior to PPI-
based therapy in patients with CAM-resistant H. pylori,
but the eradication rate remains unacceptably low.

5. CAM-susceptible subjects

In 2017, Dong et al."’ published an MA evaluating first-
line triple therapy consisting of AMPC and CAM in a
CAM-susceptible subgroup; the eradication rate was 94.9%
(95% CI, 92.5 to 96.6) in the VPZ-based group versus
89.6% (95% ClI, 86.9 to 91.9) in the PPI-based group (OR,
2.02; 95% CI, 1.23 to 3.32). Four studies were analyzed:
one RCT (VPZ phase III),” one prospective study,” and
two retrospective studies.”*” Heterogeneity was moder-
ate (I’=45%), indicating moderate reliability. In 2018, Li et
al.”” published an MA based on five studies, consisting of
one RCT? plus the four studies evaluated by Dong et al."
VPZ-based therapy was not superior to PPI-based therapy
when the two RCTs were combined (eradication rate of
VPZ vs PPI: 95.4% vs 92.8%) or when the three non-RCTs
were combined (eradication rate of VPZ vs PPI: 92.9% vs
86.2%). The ORs were 1.63 (95% CI, 0.74 to 3.61; p=0.225)
and 4.58 (95% CI, 0.67 to 31.45; p=0.122), respectively.

We performed an RCT to explore whether a clinically
significant difference was apparent between VPZ-based
and PPI-based triple therapies for CAM-susceptible H.
pylori eradication. The eradication rates were 87.3% (95%
CI, 75.5 to 94.7) for VPZ-based therapy and 76.5% (95%
CI, 62.5 to 87.2) for PPI-based therapy in the ITT analysis
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(p=0.21) and 88.9% (95% CI, 77.4 to 95.8) and 86.7% (95%
CI, 73.2 to 94.9), respectively, in the PP analysis (p=0.77).”
There was no clinically significant difference.

Non-RCTs are at risk of several forms of bias that are
lacking in RCTs. The differences between RCT and non-
RCT analyses reflect these biases.

Rapid, strong, and stable acid block by P-CAB results in
AMPC and CAM becoming more effective, because at pH
>5, H. pylori enters the growth phase. The major reason
for VPZ-based superiority with CAM-resistant H. pylori
is that AMPC works more effectively, as evidenced by the
VPZ-AMPC dual therapy result.” On the other hand, in a
CAM-susceptible situation, PPI-induced acid suppression
may be sufficient to be effective with the AMPC-CAM
combination. The main reason for the failure of PPI-based
or P-CAB-based eradication for CAM-susceptible H. py-
lori is based on the limit of the 7-day triple therapy regi-
men used in Japan. The results of VPZ-based therapy are
not superior to those of PPI-based therapy, which shows
that the limit of the 7-day triple therapy did not resolve the
situation with P-CAB use, and improvement of the admin-
istration frequency and dose of AMPC, and the treatment
period of P-CAB-based triple therapy is necessary.

In summary, VPZ-based triple therapies are not su-
perior to PPI-based SSTs in terms of eradicating CAM-
susceptible H. pylori.

VPZ-COMPARED WITH PPI-BASED

SECOND-LINE TRIPLE THERAPY
CONSISTING OF AMPC AND MNZ

Two MAs of non-RCTs comparing 7-day triple therapy
consisting of VPZ, AMPC, and MNZ with 7-day triple
therapy consisting of a PPI, AMPC, and MNZ have ap-
peared. In 2017, Dong et al." published a MA of non-RCTs
and concluded that VPZ was not superior to PPIs when in-
corporated into a second-line therapy. In the ITT analysis,
the eradication rates were 83.4% (95% CI, 79.8 to 86.5) for
VPZ-based therapy versus 81.2% (95% CI, 79.5 to 83.5) for
PPI-based therapy (p=0.79); in the PP analysis, the respec-
tive figures were 89.3% (95% CI, 86.2 to 92.0) versus 90.1%
(95% CI, 88.3 to 91.6) (p=0.06)."" Six studies™*** >4+
were evaluated. One study™ principally employed PPI-
based triple therapy consisting of MNZ and STFX; 31 of
total of 1,941 cases were reviewed in the MA. The hetero-
geneity was very low (I’=0%), indicating that the MA was
highly reliable.

In 2020, Shinozaki et al.>* published an MA of non-
RCTs concluding that VPZ was superior to PPI when in-
corporated into second-line therapies. In the PP analysis,
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the eradication rates were 91.1% (95% CI, 89.8 to 92.2) for
VPZ-based therapy compared with 88.2% (95% CI, 87.2
to 89.2) for PPI-based therapy (p<0.001). Sixteen stud-
jes™?2 300D \were evaluated.” Heterogeneity was
very low (I’=0%), suggesting that the MA was very reli-
able. However, the latter seven studies™* are not listed in
PubMed, indicating that they may be of poor quality and
have not been critically apprised; none of those seven stud-
ies were included in several other MAs.'""* After exclud-
ing those studies, the average eradication rates in the nine
remaining studies were 90.9% (95% CI, 89.6 to 92.1) for
VPZ-based triple therapy and 88.3% (95% CI, 87.2 to 89.3)
for PPI-based triple therapy. The 2.6% difference lacks
clinical significance. Also, most retrospective studies are at
high risk of bias, lack pre-planned analyses, and used arbi-
trary numbers in the PPI-based arm that serve as historical
controls. Another MA excluded most studies, considered

“low-quality studies with poorly defined populations.* T

the MA, two propensity score-matched analyses™* were
included. However, both works lacked antibiotic-resistance
data, and this was not remedied by propensity score
matching.

Several MAs seem to be very reliable in terms of low
heterogeneity, but the conclusions differ. Publication
bias may be in play, as retrospective studies with negative
results may not be accepted by journals. Indeed, many
positive results were published after one MA;” one MA of
retrospective studies published in 2020™ contained high
numbers of subjects (1,147/2,293 cases of VPZ-based ther-
apy and 2,251/3,854 cases of PPI-based therapy). Selection
bias and confounding variables may be in play in other
retrospective studies.

As shown in Table 2, that MA was almost entirely based
on retrospective cohort trials and lacked data on antibiotic
resistance; the groups were thus not matched in this con-
text. Antibiotic-resistance data are essential when general-
izing the results to countries or regions that vary in terms
of the MNZ- or AMPC-resistance rate. In addition, the
MA divided the patients into two groups based on VPZ-
or PPI-based first-line therapy. Most studies do not do
this; any assumption that the two groups are similar may
be misleading. If first-line VPZ-based therapy is superior
to PPI-based therapy, eradication is more difficult in those
who fail first-line VPZ-based therapy. In summary, the
finding of slight (~2.6%) superiority of VPZ-based therapy
was unreliable given the selection bias, confounding vari-
ables, and risk of publication bias, and the results are dif-
ficult to generalize because of a lack of antibiotic-resistance
data.

n

VPZ- VERSUS PPI-BASED TRIPLE

THERAPIES CONSISTING OF AMPC AND
STFX FOR THIRD-LINE ERADICATION

In 2019, we reported an RCT comparing third-line
VPZ- with PPI-based 7-day triple therapies consisting of
AMPC after first-line triple therapy (AMPC and CAM)
and second-line triple therapy (AMPC and MNZ) fail-
ures.”’ The VPZ and AMPC doses were the same as those
of the first- and second-line regimens; the STFX dose
was 100 mg bid (200 mg/day). The eradication rates were
75.8% (95% CI, 57.7 to 88.9) for VPZ therapy versus 53.3%
(95% CI, 34.3 to 71.7) for PPI therapy in the ITT analysis
(p=0.071), and 83.3% (95% CI, 65.3 to 94.4) versus 57.1%
(95% CI, 37.2 to 75.5), respectively, in the PP analysis
(p=0.043). In a retrospective study, Saito et al.”* reported
eradication rates of 93.0% (95% CI, 83.0 to 98.1) for VPZ
therapy versus 54.2% (95% CI, 32.8 to 74.4) for PPI therapy
(esomeprazole) in the ITT analysis (p<0.001), and 93.0%
(95% CI, 83.0 to 98.1) versus 56.5% (95% CI, 34.5 to 76.8),
respectively, in the PP analysis (p<0.001). In summary, a
third-line VPZ-based triple therapy consisting of AMPC
and STFX is more effective than a PPI-based regimen, but
a confirmatory RCT is required.

THERAPIES INVOLVING CAM AND MNZ

In 2017, Ono et al.*’ published a retrospective study
comparing 7-day triple therapy consisting of VPZ, CAM,
and MNZ with 7-day triple therapy consisting of PPI,
CAM, and MNZ. The VPZ-based regimen was associated
with a higher eradication rate than that of the PPI-based
treatment, thus 92.9% (n=14) versus 46.2% (n=13) in the
ITT analysis (p=0.0128) and 92.9% versus 54.6% in the
PP analysis. In 2017, we reported a registered, prospective,
non-randomized study comparing VPZ-based and PPI-
based regimens, as mentioned above. The eradication rate
was 100% (95% CI, 86.1 to 100) for the VPZ-based therapy
versus 83.3% (95% CI, 65.3 to 94.4) for the PPI-based ther-
apy in the ITT analysis, and 100% (95% CI, 86.1 to 100)
versus 82.7% (95% CI, 64.2 to 94.2), respectively, in the PP
analysis.” Thus, VPZ-based triple therapy involving CAM
and MNZ seems to be superior to PPI-based therapy. In
summary, a VPZ-based triple therapy (CAM and MNZ)
may be better than a PPI-based regimen, but both studies
were non-RCTs and lacked data on antibiotic resistance.
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CONCLUSIONS AND FUTURE DIRECTIONS

Any attempt to answer the question “Is P-CAB really
superior to a PPI in terms of H. pylori eradication?” is lim-
ited by the setting in which we work. VPZ (a P-CAB) was
used in 7-day triple therapies at the dose covered by the
Japanese national insurance system. The CAM-resistance
rate was approximately 33%, whereas the MNZ-resistance
rate was low (<5%) and the AMPC-resistance rate was very
low. Tegoprazan and other P-CABs should be trialed in
terms of H. pylori eradication in the future. In addition,
the study was performed mainly in Japan. Diet and human
genetics are also influence the stomach pH. Thus, further
studies outside Japan are needed to generalize the result to
global populations.

An MA of RCTs comparing VPZ- and PPI-based first-
line triple therapies consisting of AMPC and CAM may
be generalizable to populations comprising approximately
30% of CAM-resistant subjects, but reliability is poor
because of high heterogeneity and a risk of selection bias
(poor allocation concealment). First-line VPZ-based triple
therapy involving AMPC and CAM are superior to PPI-
based regimens in patients with CAM-resistant H. pylori,
but the eradication rate remains unacceptably low. First-
line VPZ-based triple therapies consisting of AMPC and
CAM are not superior to PPI-based regimens in patients
with CAM-susceptible H. pylori, as revealed by two RCTs.
The slightly (~2.6%) higher success rate of second-line
VPZ-based triple therapy compared with PPI-based triple
therapy (AMPC and MNZ) is unreliable given the selec-
tion bias, confounding variables and risk of publication
bias, and it is difficult to generalize the results because of
the lack of antibiotic-resistance information. Further RCTs
are required. Third-line VPZ-based triple therapies involv-
ing AMPC and STFX may be more effective than PPI-
based regimens, but a confirmatory RCT is required. VPZ-
based triple therapies involving CAM and MNZ may be
better than PPI-based regimens, but only non-RCT data
are available, and information on antibiotic resistance is
lacking. Finally, more RCTs with antibiotic-resistance data
are required in populations outside Japan if P-CABs are to
replace PPIs worldwide.
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