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Abstract

Purpose of the review The introduction of H2-receptor antagonists (H2RAs) and proton
pump inhibitors (PPIs) into clinical practice has been a real breakthrough in the treatment
of acid-related diseases. PPIs are now the standard of care for the treatment of gastro-
esophageal reflux disease (GERD), peptic ulcer disease (PUD), Helicobacter pylori infection,
NSAID-associated gastroduodenal lesions, and upper gastrointestinal bleeding (UGIB).
However, despite their effectiveness, PPIs display some intrinsic limitations, which
underlie the unmet clinical needs that have been identified over the past decades.
Recent findings To address these needs, new long-acting compounds (such as tenatoprazole
and AGN 201904-Z) and new PPI formulations, including instant release omeprazole (IR-
omeprazole) and dexlansoprazole modified release (MR), have been developed. However, a
major advance has been the development of the potassium-competitive acid blockers (P-
CABs), which block the K+,H+-ATPase potassium channel, are food independent, are reversible,
have a rapid onset of action, and maintain a prolonged and consistent elevation of intra-
gastric pH. Vonoprazan and tegoprazan are the two marketed P-CABs while two other
compounds (namely fexuprazan and X842) are under active development. Available for almost
6 years now, a considerable experience has been accumulated with vonoprazan, the efficacy
and safety of which are detailed in this paper, together with the preliminary results of the
other members of this new pharmacologic class.
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Summary Based on the available evidence, erosive reflux disease, H. pylori infection, and
secondary prevention of NSAID gastropathy can be considered established indications for
vonoprazan and are being explored for tegoprazan and fexuprazan. In the treatment of severe
(LA C & D) reflux esophagitis and H. pylori eradication, vonoprazan proved to be superior to
PPIs. Other uses of P-CABs are being evaluated, but clinical data are not yet sufficient to allow
a definitive answer on its efficacy and possible superiority over the current standard of care
(i.e., PPIs). The most notable indication of upper GI (non-variceal) bleeding, where vonopra-
zan would prove superior to PPIs, has not yet been explored. The safety of P-CABs in the short-
term overlaps that of PPIs, but data from long-term treatment are needed.

Introduction

The advent of antisecretory drugs, such as H2-receptor
antagonists (H2RAs) and proton pump inhibitors (PPIs),
has revolutionized the management of acid-related dis-
eases, leading to the virtual abolition of elective surgery
for ulcer disease and relegating anti-reflux surgery to
patients with reflux disease not adequately managed by
medical therapy. Acid suppression with delayed-release
PPIs (DR-PPIs) has remained the cornerstone of medical
treatment of GERD and its complications [1, 2••, 3],
despite evidence for almost 20 years that they have some
shortcomings [4, 5]. New more effective compounds
have been developed [4, 6••, 7–9], which have an ex-
tended duration of acid suppression that can exert addi-
tional benefits [10, 11]. Some of these new drugs provide
a significant advance over current treatments [12]. Novel
PPIs have been synthesized, but few reached clinical test-
ing. Tenatoprazole (a non-benzimidazole derivative) and
AGN a 201904-Z (an omeprazole pro-drug, also known
as Durasec™) display a half-life longer than that of current
PPIs (about 9 and 4 h, respectively, versus 1.5–2.0 h) and
show a superior control of intragastric acidity during
nighttime, with few episodes of nocturnal acid break-
through (NAB) [13, 14]. Only two alternative formula-
tions of existing drugs, instant release omeprazole (IR-
omeprazole) andmodified-release dexlansoprazole (MR-
dexlansoprazole), have been introduced in some

countries [11]. These represent a measurable but small
incremental advance in the pharmacological control of
acid secretion over the DR-PPIs but fall short of achieving
the ideal pharmacologic profile, considered desirable to
control acidity in patients with more complex clinical
problems [13].

An innovative approach has been the introduction of
the of H+,K+-ATPase blockers, called potassium-
competitive acid blockers (P-CABs) [15–17], which block
the K+ exchange channel of the proton pump, resulting in
a very fast, competitive, reversible inhibition of acid secre-
tion. A P-CAB offers a very rapid and greater elevation of
intragastric pH than aDR-PPI, whilemaintaining a similar
or greater degree of antisecretory effect, with a duration
which is dependent on the drug half-life. This class of
antisecretory compounds has attracted several Pharmaceu-
tical Companies to this avenue of drug development.
Some new compounds are already in clinical use in Asian
countries as well as in South America and are currently
being evaluated for use in North America and Europe.
Some others are under active clinical development.

The aims of this review are to summarize the relevant
pharmacologic properties of P-CABs together with the
current unmet clinical needs in acid-related diseases and
discuss how this new class of antisecretory drugs can
address these needs.

P-CABs: chemistry and pharmacology

Conversely from the current PPIs, which are all substituted benzimidazoles, P-
CABs belong to different chemical classes (Table 1). Although sharing the same
mechanism of action, they represent a heterogeneous class of drugs. P-CABs are
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lipophilic, weak bases that have high pKa values and are stable at low pH. This
combination of properties allows them to concentrate in acidic environments.
For example, the concentration of a P-CABwith a pKa of 6.0would theoretically
be expected to be 100,000-fold higher in the parietal cell canaliculus (pH=1)
than in the plasma (pH=7.4) [12].

Almost all these new compounds display rapid and effective antisecretory
activity, but not all favorable pharmacodynamic properties have translated into
clinical benefits. This is the case for revaprazan (YH1885) [18] and linaprazan
(AZD0865) [13], which failed to show superiority over standard-dose PPIs in
healing peptic ulcer or reflux esophagitis, respectively.

Conversely from earlier compounds, vonoprazan (TAK-438), a novel
and potent orally active P-CAB [19] (developed by Takeda and brought
to phase 3 in USA and Europe by Phathom), does represent a real
breakthrough in acid suppression. The drug is a pyrrole derivative, dis-
playing the most powerful inhibition of the proton pump compared to
PPIs and other P-CABs (Fig. 1) [20].

Vonoprazan has been in clinical use for almost 6 years and considerable
clinical data have now been accumulated and are detailed in several extensive
reviews [19, 21•, 22–25, 26•]. Its peculiar pharmacological properties can be
summarized as follows [6••]:

& In contrast to DR-PPIs, which are acid-labile drugs, vonoprazan is stable in
the acidic gastric environment.

& The drug has good solubility both in acidic and in neutral conditions.

Table 1. P-CABs, which have reached human testing (modified from Hunt and Scarpignato [6••])

Compound Chemical class Development phase Company
Compounds whose development has been stopped

Linaprazan (AZD0865) Imidazopyridine Stopped after phase III AstraZeneca

CS526 (R105266) Pyrrolopyridazine Stopped after phase I Sankyo and
Ube/Novartis

Soraprazan (BY359) Imidazonaphthyridine Stopped after phase II Altana

YH-4808 Pyrrolo-pyridine Stopped after phase II Yuhan

Currently available compounds

Revaprazan (YH1885) Pyrimidine Marketed in South Korea and India Yuhan

Vonoprazan (TAK-438) Pyrrole Marketed in Japan and some Asian
countries

Phase III in Europe/US

Takeda and Phathom

Tegoprazan
(RQ-00000004)

Benzimidazole Marketed in South Korea Raqualia

Compounds under active development

Fexuprazan (DWP14012) Pyrrole Phase III in South Korea Daewoong

X842 (Linaprazan
pro-drug)

Imidazopyridine Phase II in Europe Cinclus Pharma
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& Vonoprazan exerts a pH-independent and direct inhibitory activity on H+/
K+-ATPase, without need for conversion into an active form

& Its dissociation rate from the proton pump is slow and its retention time in
the gastric mucosa long (24 h or more).

& As a consequence, vonoprazan acid inhibitory activity is prolonged.
Clinical pharmacology investigations [27] have been performed in Japanese

or Caucasian healthy male volunteers. These studies showed that vonoprazan
has almost linear pharmacokinetics and shows a dose-dependent inhibition of
24-h acid secretion (87% and 92% respectively). With vonoprazan 40 mg once
daily, the nighttime period (from 20:00 to 08:00) spent above pH 4 and above
pH 5 was 100% and 99%, respectively, in Japanese subjects and 90 and 79%,
respectively, in UK volunteers. Both the 24-h and nocturnal pH 94 holding
times showed a linear correlation with the AUC [6••]. As consequence of the
increase in intragastric pH, serum gastrin and pepsinogen I concentrations also
increased in a dose-dependent fashion. Vonoprazan was well tolerated at all
doses studied and there were no changes in liver enzymes. A subsequent
investigation [28] studied acid inhibition after repeated administration and
found that, after 7 days of treatment, the mean 24-h intragastric pH 94 holding
time with vonoprazan 40 mg daily was 100% and 93.2% in Japanese subjects
and UK volunteers, respectively, while mean nocturnal times spent with pH 94
were 100% and 90.4%. In contrast to esomeprazole (and other PPIs), the
antisecretory activity of vonoprazan was not dependent on the CYP2C19
genotype [29]. When compared with a PPI (lansoprazole, 30 mg) or an H2RA
(famotidine, 20 mg) in H. pylori-negative healthy volunteers, the rise of intra-
gastric pH with vonoprazan (20 mg) was higher and faster [30]. The acid
inhibitory effect of vonoprazan (20 mg) was also more rapid and sustained
than that of esomeprazole (20 mg) or rabeprazole (10 mg) in patients, who
were CYP2C19 extensive metabolizers. Moreover, virtually no episodes of NAB
were evident after administration of vonoprazan [31].

Tegoprazan (formerly RQ-00000004 or CJ-12420) is a new P-CAB,
recently approved in South Korea for treatment of GERD and PUD. It is
a benzimidazole derivative [32, 33], which was developed by RaQualia
Pharma in Japan and brought to phase 3 by CJ HealthCare in Korea. A

Vonoprazan Fumarate (TAK-438)

Compound IC
50
, nM

Vonoprazan 17

Soraprazan 100

Revaprazan 1000

Linaprazan 1000

PPIs >1000

Inhibition of Hog K+,H+-ATPase

Fig. 1. Vonoprazan: chemical structure of vonoprazan and comparative inhibitory potency (expressed as IC50) towards Hog K
+,H+-

ATPase in vitro (from Shin et al. [20])
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human volunteer study [34] found that single oral administration of the
drug under fasted conditions increased intragastric pH to 96. In a further
study with single and multiple doses of tegoprazan [35], a linear PK profile
was observed, which was accompanied by a rapid dose-dependent sup-
pression of acid secretion. In the same study, drug bioavailability was
estimated to be 86–100%, the compound being mostly eliminated
through the stool, with urinary excretion limited to 3–6% [35].

Fexuprazan (DWP14012) is a pyrrole derivative, developed by Daewoong
[36], which is currently in Phase III development in South Korea and China.
Single (10–320 mg) and multiple (20–160 mg) ascending, once-daily-dose
studies with this compound were performed on healthy male subjects without
H. pylori infection [37]. Fexuprazan showed rapid and sustained, dose-
dependent suppression of gastric acid secretion for 24 h after both single and
multiple oral administrations. Although after single doses PK was not linear,
plasma concentrations of fexuprazan increased in a dose-proportional manner
after multiple doses, without evidence of accumulation in plasma. The drugwas
well tolerated, with no evidence of hepatotoxicity [37].

One of the drawbacks of PPIs is that they are subject to liver catabolism,
mainly by cytochrome P450 2C19 (CYP2C19), a drug-metabolizing enzyme
for which a genetic polymorphism exists. As a consequence, there are interin-
dividual variations in the PK and PD of PPIs [6••]. Their efficacy in acid-related
diseases (especially GERD and H. pylori eradication) is in fact dependent on
CYP2C19 genotype [2••]. The new P-CAB class of drugs is devoid of such
limitation. Indeed, although different members of this class have been studied
mainly in Asian patients [38], vonoprazan was found to provide a similar acid
suppression in both Asians and Caucasians [28]. Fitting well with the require-
ments of the ICH E17 guideline [39], gastric acid suppression by fexuprazan
was similar among Koreans, Caucasians, and Japanese, and PK, PK-PD rela-
tionship as well as safety were also similar among the three different ethnic
groups [40].

X842 is a pro-drug of linaprazan, which has been studied in several phase I
studies and 2 phase II trials, performed on almost 3,000 patients. In these
investigations, the X842 active metabolite (linaprazan) was well tolerated, with
a rapid and effective acid inhibition. Since its half-life is relatively short, the drug
was unable to control nocturnal acid secretion [41]. On the contrary, X842
provides effective 24-h pH control through its longer half-life.

The first human study of X842 [42], which is being developed in Europe by
Cinclus Pharma AG, showed that—following doses of 1 mg/kg or
higher—linaprazan rapidly appears in plasma, with the Cmax at ~2 h after oral
administration and has a half-life ≥10 h. PK appears to be linear since AUC is
correlated with the X842 dose. Acid inhibition over the 24 h was dose-depen-
dent, and plasma concentrations of the active metabolite (i.e., linaprazan) were
linearly correlated with intragastric pH. With doses of X842 of 2 mg/kg, effec-
tive 24 h acid control is achieved, without NAB. A phase 2 study in patients with
severe esophagitis is underway and the start of phase III trials is planned for
2021.

A synopsis of the PK and PD characteristics of the current P-CABs [38], given
as a single morning dose to healthy H. pylori-negative Asian subjects, is
shown—in comparison with esomeprazole—in Table 2.
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Acid suppression in GERD
PPI efficacy and unmet needs

The pathogenesis of GERD is complex and multifactorial but with a predomi-
nant neuro-motility component [3]. Abnormal esophageal acid exposure is not
the result of gastric acid hypersecretion, which has been demonstrated in only a
subset of GERD patients [43]. Despite this, antisecretory drugs (H2RAs and
PPIs) remain themainstay ofmedical treatment for GERD. They act indirectly by
reducing the volume and concentration of gastric secretion available for reflux,
thus lessening the aggressive power of the refluxed material [12, 44]. PPIs also
reduce the size of the acid pocket and increase the pH (from 1 to 4) of its
content [45]. The clinical efficacy of these drugs has been clearly shown inmany
studies and the superiority of PPIs over H2RAs has been established beyond
doubt [1, 2••, 46]. Eight-week therapy with standard (once daily) dose PPIs can
achieve healing of reflux esophagitis in more than 80% of patients [47], a rate

Table 2. Pharmacokinetic and pharmacodynamic characteristics of different P-CABs and esomeprazole (at the highest dose
tested), given in the morning, in fasting conditions, to healthy H. pylori–negative Asian subjects (from Scarpignato and

Hunt [38])

Drug
(regimen)

Revaprazan5,6

(200 mg daily)
Vonoprazan7

(40 mg daily)
Tegoprazan8

(200 mg daily)
Fexuprazan9, **

(160 mg daily)
Esomeprazole8

(40 mg daily)
Chemical class Pyrimidine SulfonylPyrrole Benzimidazole Pyrrole Benzimidazole

Formula C22H23FN4 C17H16FN303SC4H404 C20H19F2N303 C19H17F3N2O3S C17H19N303S

M.W. 362.44 461.46 387.38 410.41 345.41

pKa 8.68 9.06 5.1 8.40 4.06

Tmax, h 2.1±1.3 1.5 (0.75–3.0) 1.8 (1.0–4.0) 2.75 (1.5–5.0) 0.29 (0.25–0.33)

Half-life, h 2.4±0.2 6.1±1.1 7.1±2.2 7.5±0.8 0.86 (0.69–1.37)

24 h pH*,
U—day 1

2.2 5.7±0.4 5.8±0.4 5.8±0.3 4.0±1.7

24 h pH*,
U—Day 7

2.5 6.6±0.1 6.4±0.3 6.5±0.3 5.2±0.9

24 h pH94
holding
time,
%—day 1

28.1 85.3±8.3 76.8±10.4 91.3±4.1 54.3±15.9

24 h pH94
holding
time,
%—day 7

34.2 100.0±0.0 94.6±3.5 99.2±1.9 68.0±14.3

NAB
occurrence

Yes No No No Yes

NA, not available
*Values are mean ± SD with the exception of revaprazan data, which are median
**Also known as DWP14012

P-CABs: a Step Forward in Acid Suppression Scarpignato and Hunt 99



depending on the severity of mucosal lesions [48, 49]. This healing rate can be
further improved by increasing the PPI dose to twice daily dosing (morning and
evening, NNT=25) [47]. PPIs relieve typical symptoms in patients with either
erosive or non-erosive disease [50]. However, regurgitation ismuch less reduced
than heartburn [51]. Although in the past PPIs were considered to be less
efficacious in NERD, this belief has been dismissed by a meta-analysis [52],
which has shown that in trueNERDpatients, whose diagnosis was confirmed by
pH metry or pH impedance recording, the symptom response after PPI treat-
ment is similar to that achieved in patients with erosive reflux esophagitis.

Although not as frequent as previously suggested, PPI-refractory heartburn,
occurringmore commonly inNERD than in erosive disease, does exist. A careful
post hoc analysis of 5796 patients from 4 esomeprazole RCTs found that some
20% PPI-treated patients had a partial response [53]. However, outside clinical
trials, in every day clinical practice, the prevalence is higher, reaching 54.1% in
the last published survey [54]. Although a standard PPI dose can occasionally
control symptoms, nocturnal intragastric acidity often remains high, with NAB
in these patients. A split regimen (either standard or double dose) of a PPI,
given twice daily (before breakfast and before the evening meal), provides
superior acid control. In patients with persistent nocturnal symptoms, the
addition of an H2RA at bedtime may be indicated to control NAB and associ-
ated esophageal acidification [10, 55–57], despite the likely development of
tolerance [58]. Although management options have been recommended by an
expert panel for patients with persistent symptoms while on PPIs [59••],
refractory GERD is still one of the unmet clinical needs, which also include
the need for a significant improvement in symptom control and faster assured
healing, especially in patients with grade C and D erosive esophagitis, Barrett’s
esophagus, and extra-esophageal manifestations of GER [4, 7, 8, 10, 60, 61].

Vonoprazan efficacy in erosive reflux disease
As predicted by a large meta-analysis evaluating the intragastric pH data of the
currently used antisecretory regimens [62], the healing rate of reflux esophagitis
after 8-week therapy with vonoprazan was almost 100%. Moreover, while there
were no differences between vonoprazan (20 mg daily) and lansoprazole
(30 mg daily) in grade A and B esophagitis, the healing rate with vonoprazan
was significantly higher than that with lansoprazole in grade C and D esoph-
agitis [63], a superiority maintained in CYP2C19 extensive metabolizers [64].
The superiority of vonoprazan over lansoprazole in healing severe esophagitis
was confirmed in a recent, large, multicenter clinical trial, including 468 Asian
patients [65]. Vonoprazan is also effective in patients with PPI-resistant esoph-
agitis, inducing healing in some 85% [66, 67]. The efficacy of vonoprazan was
maintained long term, with post hoc analysis showing lower recurrence rates
compared to lansoprazole both in Japan [68] and in other Asian (i.e., China,
Malaysia, South Korea, and Taiwan) countries [69].

Despite a better healing efficacy, symptom relief with vonoprazan (20 mg
daily) in patients with GERD was not different from that achieved with esome-
prazole (20 mg daily) [70]. However, symptom relief with vonoprazan
appeared more quickly. In patients with esophagitis, heartburn was relieved
earlier with vonoprazan compared with lansoprazole. On day 1, complete relief
was achieved in 31.3% and 12.5% of patients, taking vonoprazan and
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lansoprazole, respectively. In addition, significantly more patients attained
complete nocturnal heartburn relief with vonoprazan than with lansoprazole
[71]. In patients with esophagitis and persistent symptoms after 8 weeks of
appropriate PPI therapy [55, 72], switching to vonoprazan (20 mg once daily)
provides more potent and prolonged gastric acid suppression, more effective
control of esophageal exposure to acid, enhanced symptom improvement, and
faster healing of mucosal lesions [73].

While another meta-analysis is ongoing [74], a systematic review and meta-
analysis [75], including 6 eligible RCTs comparing the efficacy and safety of
vonoprazanwith PPIs for GERD, has recently been published. Results show that
vonoprazan is non-inferior to PPIs as therapy for patients with GERD (RR:
1.06–95% C.I. 0.99–1.13). However, subgroup analysis indicates that vono-
prazan is more effective than PPIs for patients with severe erosive esophagitis
(RR: 1.14–95%C.I. 1.06–1.22). The safety outcomes for vonoprazan are similar
to those for PPIs (RR: 1.08–95% C.I. 0.96–1.22). In addition to pairwise com-
parisons, two networkmeta-analyses are available [76, 77]. The first [76] shows
that GERD healing with vonoprazan is higher than with rabeprazole (20 mg)
but not higher than other PPIs. However, subgroup analysis indicates that
vonoprazan is more effective than most PPIs for patients with severe erosive
esophagitis. In the second network meta-analysis [77], which was devoted to
maintenance of healing, the efficacy of vonoprazan appears to be higher than
that of some PPIs. However, a direct comparison of vonoprazan to each PPI is
required to confirm these findings.

Vonoprazan efficacy in non-erosive reflux disease
In a placebo-controlled, multicenter RCT in patients with NERD [78], the
number of heartburn-free days, when taking vonoprazan (10 mg or 20 mg
daily), was no better than placebo, although the mean severity of heartburn
score was lower. In a long-term study [79] in GERD patients taking vonoprazan
(10 mg daily), 89% experienced symptom relief at 1 month while 81.6%
reported a sustained improvement at 1 year. Of the 18.4% who relapsed, most
were controlled by a dose increase. When taken on demand by patients with
NERD, vonoprazan (20 mg) was equivalent to PPI maintenance therapy in
controlling symptoms [80]. Moreover, vonoprazanwas also effective in patients
with PPI-resistant NERD. A small retrospective study [81] found that 69.2% of
patients reported an improvement in symptoms and quality of life as measured
by the GERD-Q score, probably through a more effective reduction of esopha-
geal acid exposure [73]. The effect of low-dose (10 mg) vonoprazan on GI
symptoms in patients with GERD was studied in patients with erosive or non-
erosive disease [82]. Together with typical symptoms, also epigastric pain
(73%), postprandial distress (60%), constipation (58%), and diarrhea (52%)
were improved by P-CAB treatment. However, improvement or resolution of
GERD symptoms in patients with erosive esophagitis was higher than that in
those with NERD (91% versus 83%, p=0.260 and 71% versus 47%, p=0.025,
respectively) [82].

It is important to appreciate that P-CAB-resistant NERD is also reported and
is ascribed to weakly acidic reflux or more likely to functional heartburn [83].
This apparent resistance, however, could be dose-dependent. A retrospective,
small study [84] evaluated NERD patients with symptoms resistant to double-
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dose PPIs, who were switched to vonoprazan (20 mg daily). pH impedance
recording revealed fewer reflux events at pH G5 in patients with symptom
improvement compared to those without. In these patients, the proportion of
reflux at pH G4 decreased but that of reflux at pH 4–5 increased while that of
reflux at pH G5 did not change [84]. Despite the limitations of the study, the
results suggest that the lack of symptom improvement is related to inadequate
acid suppression that could be addressed by a higher vonoprazan dose.

A recent study [85] evaluated pH impedance and HRM parameters in
patients with GERD symptoms resistant to PPI or vonoprazan. There was a
significant difference in the proportion of underlying conditions between the
two groups of patients. After excluding esophageal motor disorders, no cases of
acid-related GERD (including erosive esophagitis and NERD) were observed in
the vonoprazan-resistant GERD group [85]. These findings suggest that vono-
prazan could be used as a diagnostic tool to rule out acid-related GERD.

Is there a role for vonoprazan in Barrett’s esophagus?
Continuous acid suppression with PPIs is indicated in patients with Barrett’s
esophagus of any mucosal length because of their potential chemopreventive
activity against neoplastic transformation [86], a property advocated by the
ACG [87] and AGA [88] but denied in the BSG guidelines [89]. Indeed, a meta-
analysis of observational studies showed that PPI use is associated with a 71%
reduction in risk of esophageal adenocarcinoma and/or high-grade dysplasia in
this patient population (adjusted OR 0.29) [90]. Despite a contrary opinion of
the AGA [88], current evidence suggests that standard PPI treatment is unable to
normalize esophageal exposure to acid in the vast majority of patients with
Barrett’s esophagus. Profound (and likely individually tailored) maximal acid
suppression is needed not only to control GER, but also in the hope of
achieving a better chemopreventive effect [91]. In this connection, the recently
published results of the AspECT trial [92•] showed that high-dose PPI therapy
(80 mg esomeprazole daily) prolonged time to the composite endpoint of all-
cause mortality, esophageal adenocarcinoma, and high-grade dysplasia in
patients with Barrett’s esophagus compared with low-dose PPI (20 mg daily).
The profound and extended (during both daytime and nighttime) antisecretory
effect of vonoprazan could well be especially useful in the long-term treatment
of patients with Barrett’s esophagus and data concerning its use in this precan-
cerous condition are eagerly awaited.

Vonoprazan for GERD: conclusions
P-CABs clearly overcome many of the drawbacks and limitations of the DR-
PPIs. In acid-related disorders, mucosal healing is directly related to the degree
and duration of acid suppression and the length of treatment [10, 62, 93, 94].
Considering the difficulties encountered in attaining effective symptomatic
control, particularly at night, using currently available DR-PPIs once daily, this
new class of drugs achieves rapid, potent, and prolonged acid suppression and
offers the chance of addressingmany of the unmet clinical needs in GERD [4, 7,
8, 10], such as the need for fast and assured healing of severe reflux esophagitis
and achieving rapid heartburn relief.

It is well known that more severe or rapidly recurring esophagitis is associ-
ated with acidification of the esophagus and an increased acid dwell-time as a
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consequence of lower esophageal sphincter dysfunction [95]. This leads to a fall
in intra-esophageal pH, especially at night, related to the duration of and the
degree of drop in intragastric pH holding time below pH4 [62]. Along the same
lines, several studies have reported that weakly acidic reflux is one of the most
relevant underlying causes of PPI-refractory NERD (for review see [96]). In
addition, it was shown that the reflux events at pH 4–5, reaching the proximal
esophagus, were the main symptom trigger in these patients [97]. Indeed, the
pH of weakly acidic reflux represents a determining factor in provoking heart-
burn [98]. All these findings suggest that—in patients with more severe esoph-
agitis or PPI-refractory disease—the choice of a P-CAB is appropriate. The
available data with vonoprazan are consistent with this idea.

A few clinical studies have suggested that treatment of GERDwith a P-CAB is
conferring only a small advantage. It is helpful therefore to have a single study
from Japanwhich provides a cost-effectiveness analysis, comparing vonoprazan
with lansoprazole in the initial treatment of reflux esophagitis [99]. The author
provided a clinical decision analysis, using a Markov model to compare the P-
CAB with the current treatment guideline, which recommends a standard-dose
PPI, lansoprazole 30 mg once daily, for 8 weeks for the initial treatment of
GERD. The model considered treatment of endoscopically confirmed, uncom-
plicated reflux esophagitis. The comparison evaluated vonoprazan (20 mg once
daily for 4 weeks) in a decision tree, which considered extending treatment to
8 weeks, and how retreatment could be approached on recurrence. The P-CAB
strategy was superior to PPI in cost per patient to achieve the predetermined
clinical outcome and number of days for which medication was required. The
superior outcome in favor of the P-CAB was robust in sensitivity analyses, even
when healing rates in mild esophagitis were considered.

Preliminary data on tegoprazan and fexuprazan efficacy in GERD
The efficacy of tegoprazan, a P-CABwith a benzimidazole structure [32, 33] and
an antisecretory activity similar to that of vonoprazan [38], was recently evalu-
ated in patients with reflux esophagitis. In the study, 302 patients withmucosal
breaks were randomized to tegoprazan (50 mg or 100 mg daily) or esomepra-
zole (40 mg daily), where healing rates after 4 weeks treatment were 91.3%,
93.4%, and 94.3% in the three groups, respectively, while the rate after 8 weeks
was 98.9% in all groups [100]. The groups all showed similar improvement,
although numbers were too small to allow proper interpretation of results in
more severe (grades C and D) esophagitis. The drug provided also a symptom-
atic benefit, with significant improvement in reflux disease questionnaire and
GERD Health Related Quality of Life scores [100].

Fexuprazan, a pyrrole derivative [36] with a rapid and complete onset of
antisecretory activity [38], was investigated in a phase 3, multicenter, random-
ized, double-blind trial. Two hundred and sixty adult patients with endoscop-
ically confirmed erosive esophagitis (LA grades A to D) were randomized to
receive this P-CAB (40 mg once daily) or esomeprazole (40 mg once daily)
[101]. The primary outcomemeasure was the cumulative proportion of patients
with healedmucosal breaks, confirmed by endoscopy, at week 8. Healing rate at
week 4, symptoms, and quality of life were also assessed. Fexuprazan was non-
inferior to esomeprazole, with identical (i.e., 99.1%) cumulative healing rates at
8 weeks and similar rates (90.3% and 88.5%, respectively) at 4 weeks.
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However, fexuprazan showed better symptom relief in patients with moderate
to severe heartburn, an effect persisting also during night time. A similar benefit
was evident also for cough. The drug was well tolerated, with an incidence of
adverse events comparable between treatment groups [101].

Eosinophilic esophagitis: a role for vonoprazan?

Eosinophilic esophagitis (EoE) is an eosinophil-rich, Th2 antigen-mediated
disease of increasing, worldwide prevalence. Symptoms reflect esophageal dys-
function, and characteristic endoscopic appearances consist of rings, furrows,
exudates, and edema. Progressive disease leads to pathologic tissue remodeling,
with ensuing esophageal rigidity and loss of luminal diameter caused by
strictures [102]. Until recently, patients with esophageal eosinophilia respond-
ing to PPIs (PPI-REE) were excluded from the EoE spectrum [103]. Given the
fact that EoE and PPI-REE are indistinguishable even at the histological, molec-
ular, and genetic level, the last European guideline has included PPI-REE in the
spectrum of the disease [104].

It is well known that PPIs display several non-antisecretory activities,
of which the mucosal protective and anti-inflammatory ones are the most
relevant in the treatment of EoE [86]. There are several mechanisms
underlying the anti-inflammatory action of this class of drugs, including
anti-oxidant effects and effects on inflammatory cells, and endothelial
and epithelial cells as well as on gut microbiota. In vitro and in vivo
studies suggest that the anti-inflammatory effects of PPI treatment rather
than acid suppression alone may be responsible for the observed clinical
and histologic improvement through inhibition of the Th2-allergic path-
way [86]. Indeed, like topical corticosteroids, PPIs downregulate cytokine
expression [105].

Several retrospective and prospective studies have reported histologi-
cal remission and symptom improvement (even with persistent eosino-
philic infiltration) after an 8-week treatment course with PPIs, with
established GERD having a higher chance of responding to PPIs (for
review see [102]). A meta-analysis of 33 studies, including 619 patients
(431 adults and 188 children) found an overall histologic remission and
clinical response of 50.5% and 60.8%, respectively [106]. No differences
were observed regarding the study population, the type of publication,
or its quality. Due to their safety profile, ease of administration, and
high response rates (up to 60% clinically), PPIs have been considered a
first-line pharmacologic treatment for EoE [2••]. Not all patients with EoE
respond, however, to PPI therapy [104, 107].

In a Japanese study on EoE, vonoprazan (20 mg once daily) provided a
clinical and histologic efficacy similar to that seen with esomeprazole or rabe-
prazole (Table 3) [108]. It was also reported that half of the EoE patients, who
were PPI-resistant, did respond to P-CAB therapy [109]. Clearly, randomized,
prospective trials (also outside Asia) are needed to confirm these findings.
Whether P-CABs share with PPIs any of the antinflammatory effects (which
likely underlie PPI efficacy in EoE) is currently unknown, although an anti-
nflammatory activity of tegoprazan in a mouse model of experimental colitis
has recently been reported [110].
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Acid suppression for eradication of the Helicobacter pylori
infection
Current treatments and unmet needs

Despite a definite trend of decreasing H. pylori infection prevalence in the
western world [111], the global prevalence of the infection remains high with
an estimate of 4.4 billion people infected worldwide [112]. Although the great
majority of patients with H. pylori infection will not have any clinically signif-
icant complications, the gastric colonization with this microorganism is a
cofactor in the development of three important upper gastrointestinal diseases:
duodenal or gastric ulcers, gastric cancer, and gastric mucosa–associated
lymphoid-tissue (MALT) lymphoma, with a risk for developing these condi-
tions that varies widely among populations [113, 114••]. In all patients referred
for clinical symptoms related to the upper gastrointestinal tract, proper inves-
tigation and diagnosis should always include the assessment of H. pylori infec-
tion, which—depending on the clinical scenario—will be based on invasive or
non-invasive testing [115]. Both the Maastricht V/Florence [116••] and Kyoto
Global [117] Consensus have established that—being an infectious
disease—H. pylori gastritis should be cured, even in the absence of symptoms and
irrespective of the presence of complications. Besides the established indications (in
which causality and therapeutic effects are proven), eradication is also indicated
in other conditions (including idiopathic thrombocytopenic purpura, vitamin
B12 deficiency, iron-deficiency anemia), where therapeutic benefit has been
shown although causality has not yet been proven [115].

Several international guidelines and consensus conferences [116, 118–122]
have given recommendations, regularly revised and updated, to optimize the
clinical management of H. pylori infection. The survival capabilities of H. pylori
within the stomach make eradication difficult. Since no single therapy is

Table 3. Clinical, endoscopic, and histological response to PPIs or vonoprazan in patients with eosinophilic esophagitis
(modified from Fujiwara et al. [108])

Outcome Esopmeprazole
40 mg daily

Rabeprazole
10 mg daily

Rabeprazole
20 mg daily

Vonoprazan
20 mg daily

Clinical response

Complete symptom relief 70.0 (21/30) 76.0 (22/29) 78.0 (38/36) 82.0 (14/17)

Endoscopic response

Complete remission, %
(EREFS scoreG1)

50.0 (15/30) 41.0 (12/29) 39.0 (14/36) 41.0 (07/14)

Histologic response

Remission, %
G5 eosonophils/HPF

67.0 (20/30) 83.0 (24/29) 67.0 (24/36) 76.0 (13/17)

Mean number of eosinophils/HPF 23.5±45.7 13.9±30.8 15.3±27.9 14.8±20.2

HPF, high power field; EREFS, exudates, rings, edema, furrows, and strictures
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effective, several different drug combinations have been developed, with vari-
able and often inconsistent success [123]. The search for an ideal regimen to
treat H. pylori infection still continues [124].

After the early observation of the efficacy of bismuth compounds [125], which
were re-discovered later on [126], all subsequent regimens (be they dual, triple,
sequential, or quadruple) included a PPI (Table 4) [127]. As shown by the
MACH-2 trial [128], PPIs are an essential component of any eradication regimen
(Table 3). They indeed display several pharmacological actions that give them a
place in the eradication regimens [129]. While the use of an antisecretory drug
together with antibiotic(s) is logical for the treatment of peptic ulcer, the combi-
nation of PPIs with antimicrobials was put forward by a thoughtful editorial
[130••], detailing the potential mechanisms underlying this drug synergy.

To be most effective, full-dose PPIs should be given twice daily, concomi-
tantly with antimicrobials as the mean intention-to-treat (ITT) cure rates are
greater in patients who use the high-dose PPI, compared with the standard-dose
regimen [2••]. The importance of the degree of acid suppression on the eradi-
cation efficacy became apparent when attempting a dual (namely omeprazole-
amoxicillin combination) therapy. Indeed, a linear relationship between ome-
prazole dose (20–120 mg daily) and eradication rate was clearly evident: the
higher the PPI dose (and, as a consequence, acid suppression), the higher
eradication rate [131].

Resistance of H. pylori to antibiotics has reached alarming levels worldwide
[132] and has a great effect on efficacy of treatments [133]. Indeed, while drug,
dose, formulation, and duration of treatment are all important factors, resis-
tance to antimicrobials as well as the selected antisecretory regimen remains the
most critical factor influencing the global eradication rate [134]. Primary resis-
tance can significantly impair the efficacy of eradication regimens, especially
those including macrolides (like clarithromycin). Resistance to fluoroquino-
lones (such as levofloxacin) can also impair the efficacy of eradication regimen.
However, resistance to nitroimidazole could be partially overcome in vivo [133,
135]. To deal with the problem of antimicrobial resistance, several new

Table 4. H. pylori eradication regimens: a short history (modified from Gatta and Scarpignato [127])

Year Proponent(s) Regimens
1983 Marshall Bi compounds + metronidazole

1987 Borody et al. Bi compounds + tetracycline + metronidazole

1993 Unge and Ekström PPI + amoxicillin

1993 Bell et al. PPI + amoxicillin + metronidazole

1993, 1994 Bazzoli et al. PPI + clarithromycin + metronidazole

1994 Cayla et al. PPI + clarithromycin + amoxicillin

1995 Borody et al. PPI + bismuth + tetracycline + metronidazole

1998
1998

Treiber et al.
Okada et al.

PPI concomitant therapy

2000 Zullo et al. PPI sequential therapy (dual + triple therapy)

2011 Hsu et al. PPI hybrid therapy
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therapies have been developed. Together with the number of drugs, the number
and complexity of the regimens have also increased, with a consequent decrease
in compliance to treatment, which often compromises efficacy [136].

Strong and long-lasting acid inhibition, especially during the nighttime
period, is of pivotal importance for successful H. pylori eradication [130, 137].
This has been outlined by two Asian trials showing that the intragastric pH and
the time spent below pH 4 were significantly higher and longer, respectively, in
patients cured of H. pylori infection compared to those who remained infected
[138, 139]. Moreover, patients with episodes of NAB had eradication rates
lower than those without NAB [138].

Drugs providing effective control of both daytime and nighttime acid secre-
tion will likely show better compliance. Indeed, the available DR-PPIs should
be given in high dose and at least twice daily, while long-acting antisecretory
compounds can be confidently prescribed once daily, leading to a simpler
regimen while maintaining the same efficacy. Last but not least, the use of a
drug, endowed with an extended duration of acid inhibition, may increase the
opportunity to achieve high eradication rates even with dual therapy (e.g.,
amoxicillin/acid suppressing drug) [140, 141].

Efficacy of vonoprazan-based eradication regimens
An early meta-analysis [142], including 10 studies and 10,644 patients, showed
that vonoprazan-based triple therapy was superior to PPI-based triple therapy,
with comparable tolerability and adverse events. This superiority was only
evident in first-line H. pylori triple eradication therapies but not in second-line
treatments [143]. However, a more recent systematic review with meta-analysis
[144], specifically devoted to the topic and including 16 comparative studies,
concluded that a vonoprazan-based H. pylori eradication regimen can be the
first choice for second-line treatment. Moreover, an additional meta-analysis
[145] pointed out that vonoprazan is superior to conventional PPIs only for
eradication of clarithromycin-resistantH. pylori strains while vonoprazan-based
and conventional PPI-based therapies are similarly effective in patients harbor-
ing clarithromycin-susceptible H. pylori strains. Finally, a retrospective study
[146] found that vonoprazan-based triple therapy was effective as
susceptibility-guided triple therapy for H. pylori eradication.

The majority of Japanese studies have been performed with vonoprazan-
based or PPI-based triple therapy regimen (i.e., with amoxicillin and clarithro-
mycin) since only triple therapy combinations are currently covered by the
Japanese National Health Insurance System [147]. The effectiveness and safety
of vonoprazan-based triple therapies in Japan has recently been reviewed [148].
In routine clinical practice, the eradication rates of the first-line therapy and the
second-line therapy were 91.24% and 95.45%, respectively. However, as a
consequence of the constant increase in clarithromycin resistance, a progressive
decrease in the effectiveness of vonoprazan triple regimens becomes evident
[143]. Post-marketing surveillance did not show any new safety concerns and
incidence of adverse drug reactions with vonoprazan-based regimens ranged
from 1.89 to 3.22% [148]. Studies with vonoprazan-based alternative regimens
will provide a better understanding of the efficacy of vonoprazan in the erad-
ication of H. pylori. In this respect, some recent studies evaluated vonoprazan-
based dual therapies.
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After the original report of Miehlke et al. [131], several investigators studied
both standard- and high-dose PPI combinations with amoxicillin in the hope of
finding an effective and simple eradication regimen. While the standard-dose
PPI-amoxicillindual therapygavedisappointingeradicationrates (for review, see
[149]), stronger and long-lasting acid suppression (achievedwithmultiple doses
of the antisecretory drug) appeared to be successful. Three meta-analyses [150–
152] collected all the studies with high-dose PPI-amoxicillin combinations,
which showed that this dual therapy is as effective as triple or bismuth-based
quadruple therapy, either in first-line or rescue treatment. In addition, compli-
ance with dual therapywas better and the adverse event rate lower [150–152].

The antisecretory effect of vonoprazan is long-lasting, covering both daytime
and nighttime periods. A twice-daily dose of vonoprazan could, therefore, be
sufficient to synergize with amoxicillin, thus further enhancing patient compli-
ance compared with current high-dose PPI dual regimens. Indeed, when
vonoprazan-based triple therapy is given to patients harboring clarithromycin-
resistant strains, it is like giving a dual therapy and the superiority of vonoprazan
triple therapy over PPI triple therapy [145] is likely due to a superior pharmaco-
logic synergy between the P-CAB and the amoxicillin component compared to a
standard DR-PPI-amoxicillin combination. Available studies [153–157], sum-
marized in Table 5, and a meta-analysis of them [158] confirm this. A pooled
eradication rate of 85.6% (95%CI: 74.8 to 94.0) was found, albeit with evidence
of significant heterogeneity (I2 =64.8%). The eradication rate in patients, who
harbored clarithromycin-resistant strains, was 95.4% (95% CI: 86.6 to 100). A
comparison of this dual therapy with the pooled data from FDA-approved
eradication regimens showed that it provides better eradication rates than PPI
or rifabutin triple therapies as well as comparable efficacy to the bismuth
quadruple therapy [159]. The overall rate of adverse events with dual therapy
was 26.5% (95% CI: 20.0 to 33.5), a figure not dissimilar from that with triple
therapies but lower than the rate observed with bismuth quadruple therapy or
Talicia™. Provided these results are confirmed in large clinical trials outside Asia,
the vonoprazan-amoxicillin dual therapy may become a simple, first-line regi-
men for the eradication of H. pylori infection. Before being largely adopted, this
dual therapy should be optimized, by selecting the best dose, number of drug
administrations, and duration [26•].

Table 5. Clinical studies evaluating vonoprazan (40 mg daily)-based dual therapy for eradication of H. pylori infection

First author Year Ref. Amoxicillin
daily dose, g

Duration of
treatment

Susceptibility
testing

ITT eradication rate
% n/N

Tokunaga 2017 153 2.0 14 Yes 100* 12/12

Furuta 2019 154 1.5 7 No 92.9 58/62

Suzuki 2020 155 1.5 7 Yes 84.5 142/168

Sanglutong 2020 156 2.0 14 Yes 63.2 12/19

Eradication was confirmed by 14C-UBT at least 4 weeks after the end of therapy
ITT, intention to treat
*Vonoprazan-amoxicillin combination was used as third-line treatment
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The WHO listed Helicobacter pylori among 16 antibiotic-resistant bacteria
that pose the greatest threat to human health [160]. Given the alarmingly high
H. pylori antibiotic resistance rates, antibiotic stewardship programs need to be
developed and implemented. In this regard, a move to dual therapy—by using
only one antimicrobial agent—will fit well to support this endeavor.

Acid suppression for NSAID-associated GI mucosal injury
Current treatments and unmet needs

Musculoskeletal pain is common and disabling, especially in the elderly
population, whose number and proportion is estimated to double by
2030, compared to the 2000 figure [161]. The use of nonsteroidal anti-
inflammatory drugs (NSAIDs), indicated for the treatment of inflammatory
pain, is therefore bound to increase. NSAIDs are very effective drugs, but
their use is associated with a broad spectrum of adverse reactions involving
the liver, kidney, CV system, skin, and gut, with gastrointestinal (GI) unto-
ward effects being the most common [162].

NSAIDs and aspirin can damage the upper GI tract, by impairing almost
all the mucosal mechanisms of defense, resulting in a mucosa which is
unable to tolerate even a low acid load. NSAID-associated injury is pH-
dependent and the presence of endogenous acid is of pivotal importance
for damage to occur [163, 164]. The extent and severity [164] as well as the
probability [163] of damage are inversely correlated to intragastric pH. As a
consequence, antisecretory drugs are widely used in the prevention and
treatment of NSAID-associated gastric and duodenal ulcer [2••, 165••]. While
H2-RAs, at standard doses, only protect the duodenum, PPIs prevent NSAID
injury in both the duodenum and the stomach, where the majority of NSAID-
related mucosal lesions occurs [166, 167].

Double-doseH2RAs andmisoprostol (given four times daily) are effective at
preventing chronic NSAID-related endoscopic gastric and duodenal ulcers
[168], but compliance is poor. Mucosal protective compounds, such as reba-
mipide [169], seem also to be effective, but these drugs are not available outside
Asia.

As shown in the ASTRONAUT trial [170], DR-PPIs are more effective for
healing NSAID-associated duodenal than gastric ulcers. Indeed, after an 8-week
treatment with omeprazole, only 81%of gastric ulcers were healed compared to
92% duodenal ulcers, a difference which was more marked at 4 weeks. Further-
more, in those patients requiring long-term treatment with NSAIDs, a loss of
protection—even with continued treatment—became apparent [170–172].

In order to provide anti-inflammatory and analgesic effects throughout the
24 h, most NSAIDs are prescribed 2–3 times daily, or are given as “extended
release” formulations. Moreover, some drugs (such as naproxen) are subject to
enterohepatic circulation, which extends their injurious contact with the GI
mucosa, especially at night. Consequently, patients taking NSAIDs and on a
once-daily PPI will experience nocturnal acidification and hence be “unprotect-
ed” during the night (especially aftermidnight) andwill continue to be at risk of
mucosal injury or ulceration [162]. Thus, current preventive strategies with PPIs
leave some unmet clinical needs [9]. The availability of a long-acting antisecre-
tory drug, covering both the day- and nighttime, should provide improved
mucosal protection from NSAID injury [10].
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Vonoprazan efficacy in the treatment of NSAID gastropathy
Taking into account the healing efficacy of PPIs in patients with NSAID gastro-
pathy, vonoprazan (20 mgdaily, given for 6 weeks inDUand8 weeks inGU)was
evaluated in patients with NSAID ulcers or patients withH. pylori-positive, NSAID-
associated ulcers [173]. The healing rates were 77.8% and 74.3%, respectively, a
figure significantly lower than that achieved in H. pylori–associated ulcer (i.e.,
93.5%). These results come from a multicenter, observational study in Akita
Prefecture (Japan) [173] and need to be confirmed in a prospective, double-blind,
controlled trial. In this study (in which patients with different ulcer pathogenesis
were included), the overall healing rate was 85.1%, a value significantly lower than
that observed in a phase 3 trial with vonoprazan for ulcer healing [174]. The rate
difference between the two studies is likely due to differences in the proportion of
NSAID-associated ulcers (i.e., 32% versus 15%), which proved more difficult to
heal. Indeed, in the multivariate analysis, larger ulcers (OR: 3.8, 95 C.I. 1.3–11.5)
and NSAID use (OR: 3.0, 95% C.I. 1.1–8.7) were associated with refractoriness
[173]. No comparative study versus PPIs has yet been performed, but vonoprazan
appeared to be effective in healing a large NSAID-associated, gastric ulcer refractory
to 2-month treatment with double-dose PPIs, followed by additional 2 months
with PPIs and misoprostol [175].

While PPIs reduce the development of peptic ulcer and related complications in
patients taking NSAIDs, their beneficial effect is not expected to take place beyond
the duodenum. Indeed, NSAID enteropathy is not a pH-dependent phenomenon
andmucosal protection by PPIs ismainly, albeit not only, due to their antisecretory
effect [164]. In healthy volunteers and patients, omeprazole did not prevent
NSAID-associated intestinal damage, as evaluated by video capsule and/or fecal
calprotectin measurement (for review, see [167]). Recent experimental and clinical
evidence suggests that PPIsmay actually aggravateNSAID injury in the small bowel
[176]. Like rabeprazole, vonoprazan is associated with an increase of
indomethacin-induced intestinal damage in mice [177]. Since, in this setting,
rodent models proved to be predictive of human pharmacology [164], this
vonoprazan-NSAID interaction should be taken into account, especially in patients
under long-term anti-inflammatory and antisecretory therapy.

Vonoprazan efficacy in the secondary prevention of NSAID gastropathy
A phase 3, double-blind, multicenter, controlled trial in Japan [178] aimed to
assess the non-inferiority of vonoprazan to a standard PPI, lansoprazole, for
secondary prevention of NSAID-induced peptic ulcers during 24-week, and the
safety of vonoprazan during an extended use ≥28 weeks. A similar study [179]
reported the 24-week recurrence rate of aspirin-associated peptic ulcer in
patients taking vonoprazan or lansoprazole. In both studies, patients were
randomized (1:1:1) to receive either vonoprazan (20 or 10 mg daily) or lanso-
prazole (15 mg daily). These trials were preceded by a careful drug interaction
study [180], showing the lack of PK interactions between vonoprazan and some
NSAIDs (namely loxoprofen, diclofenac, and meloxicam) as well as between
the P-CAB and aspirin. The same investigation also showed that aspirin-
induced inhibition of platelet aggregation is not influenced by vonoprazan
co-administration [180].

Results of the clinical studies (summarized in Table 6) allow to confirm the
non-inferiority of both vonoprazan doses to lansoprazole 15 mg and to
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conclude that vonoprazan is effective in preventing ulcer recurrence in Japanese
patients receiving NSAIDs or low-dose aspirin [178, 179].

Vonoprazan efficacy in the treatment of peptic ulcer

The efficacy and safety of vonoprazan in patients with gastric (GU) or duodenal
(DU) ulcerwas evaluated in two RCTs, using double-dummy blinding [174]. Four
hundred fifty-six GU patients and 359 DU patients were randomized to receive
vonoprazan (20 mg) or lansoprazole (30 mg) for 8 or 6 weeks, respectively. About
80% of the included patients were H. pylori–positive and some 10–15% were or
had been on NSAID therapy. At the end of the treatment period, 93.5% of
vonoprazan-treated patients and 93.8% of lansoprazole-treated patients had their
GU healed. The corresponding figures for DU healing were 95.5%and 98.3%, for
vonoprazan and lansoprazole, respectively. Statistical analysis showed that vono-
prazan is non-inferior to lansoprazole with respect to GU healing and has similar
efficacy for DU healing, while displaying an overlapping tolerability profile [174].

With the discovery of H. pylori infection, the causes, pathogenesis, and
treatment of peptic ulcer disease have been rewritten [181]. Despite substantial
advances, this disease remains an important clinical problem, largely because of
the increasingly widespread use of NSAIDs for musculoskeletal disorders and
low-dose aspirin for primary and secondary prophylaxis of cardiovascular and
cerebrovascular disease. Both H. pylori infection and NSAID use independently
and, in combination, significantly increase the risk of peptic ulcer and ulcer
bleeding [182]. However, albeit rare, a PU eitherH. pylori-negative and NSAID-
negative also exists [181, 183], the management of which is still challenging
[183]. In a multicenter, observational study in Japan [173], the healing rate of
such idiopathic peptic ulcers with vonoprazan (20 mg daily) was 81.2%, a figure
significantly lower than that achieved inH. pylori–associated ulcer (i.e., 93.5%),
but similar to that of NSAID-associated ulcer. When patients with advanced
gastric atrophy were excluded, the healing rate was even lower (i.e., 71.4%). At
multivariate analysis, large ulcer size was associated with refractoriness [173].

Table 6. Vonoprazan for secondary prevention of NSAID gastropathy: results from RCTs against lansoprazole (data from
Mizokami et al. [178] and Kawai et al. [179])

NSAID- or aspirin-associated mucosal lesions
Noxious agent Primary outcome Vonoprazan

10 mg o.d. (%)
Vonoprazan
20 mg o.d. (%)

Lansoprazole
15 mg o.d. (%)Secondary outcome

NSAID (N=642) PU at 24 weeks 3.3 3.4 5.5

Hemorrhagic lesions
at 24 weeks

1.4 1.4 2.0

PU at 12 weeks 2.9 3.0 5.0

Low-dose aspirin (N=621) PU at 24 weeks 0.5 1.5 2.8

Hemorrhagic lesions
at 24 weeks

0.0 0.0 2.9

PU at 12 weeks 0.5 0.5 0.9
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Endoscopic mucosal resection (EMR) and endoscopic submucosal dissec-
tion (ESD) are resection techniques adopted for removal of early gastrointesti-
nal malignancy [184]. EMR is indicated for upper GI lesions less than 20 mm
provided they can be easily lifted and have a low risk of submucosal invasion.
ESD should be considered for esophageal and gastric lesions that are bulky,
show intramucosal carcinoma, or have a risk of superficial submucosal invasion
[185, 186]. ESD is a more complex procedure accomplished in a stepwise
manner using an assortment of tools and devices. Because of its ability to
perform en bloc resection of larger lesions, ESD tends to cause larger artificial
ulcers, resulting in a higher risk of complications. Perforation and delayed
bleeding are the major complications of gastric ESD, with delayed bleeding
and perforation being the most common [184].

Antisecretory drugs are usually prescribed after the procedure to promote the
healing of the artificial ulcers caused by ESD and to reduce the risk of bleeding
[187]. However, the optimal regimen for gastric acid suppression in this clinical
setting remains to be established [188]. While H2RAs and PPIs are equally
effective in healing iatrogenic ulcers and reducing epigastric pain, PPIs are more
effective in preventing bleeding [187]. These drugs are therefore selected as the
first-line treatment, but their efficacy is not complete due to the intrinsic
limitations of this class of drugs [4, 5].

Due to the PK and PD superiority of P-CABs over PPIs, several studies with
vonoprazan for healing of ESD-induced ulcers have been performed. An early
meta-analysis [189] of the first 6 studies found that the likelihood that artificial
ulcers are completely healed at 4–8 weeks after the procedure was significantly
higher among patients receiving vonoprazan compared with those given PPIs.
This superiority was confirmed by a subsequent meta-analysis [190]. However,
two systematic reviews with meta-analysis [191, 192] and a network meta-
analysis [193] did not find evidence of any superiority of vonoprazan over PPIs
although one of these [191] highlighted a faster ulcer healing with the P-CAB. A
more extensive review [194], including both RCTs and observational studies,
pointed out that—while the overall ulcer healing rate did not differ between
vonoprazan and PPIs—this new antisecretory compound was more effective
when treating H. pylori–positive patients with ESD ulcers (Table 7). Almost all
the studies evidenced a non-significant trend towards a reduced occurrence of
delayed bleeding (see below).

Since the effect of PPIs appears not to be dose-dependent [195] and is
enhanced by the combination with mucosal protective compounds (like, for
instance, rebamipide) [193], mechanisms other than acid inhibition are likely
involved in healing of those artificial ulcers. This can explain why more potent
acid suppression with vonoprazan does not translate into an added benefit.

Upper GI bleeding: a forgotten or a too difficult indication for P-
CABs?

There is an important role for therapeutic gastric acid suppression in patients with
gastrointestinal bleeding either in the acute setting and for prevention of rebleeding
[196–199]. For both these indications, PPIs have been more effective than H2RAs
[165, 200]. The principles involved in raising intragastric pH to encourage clot
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formation and also reduce the failure of the clotting mechanisms are based on
elegant in vitro work [201], done some 40 years ago but which remains highly
relevant today as we now have antisecretory drugs, which are more potent than
either the PPIs or the H2RAs. The evidence shows that coagulation is very sensitive
to both acidity and proteolytic peptic activity. When pH drops to 6.8, coagulation
mechanisms are less effective. Platelet aggregation is reduced by 950% when the
pH falls further to pH 6.4 and at pH G5.9 platelets actually disaggregate. Further-
more, when the pH is increased to pH 6.8 or higher, platelet aggregation and
platelet function are restored and the clotting time (as measured by the PT and
PTT) returns to normal [201]. Subsequent studies have shown that—in patients
with upper GI bleeding—fibrinolytic activity is enhanced and can be decreased by
acid suppression [202], suggesting that this effect could be one of the mechanisms
by which antisecretory drugs provide a benefit.

Also important to the formation and stability of any intragastric blood clot
from a lesion in the stomach or duodenum is the proteolytic activity of gastric
juice, predominantly, peptic activity. Indeed, increasing pH or heating gastric
juice to denature pepsin markedly reduced clot lysis in vitro [203]. Thus, the
stomach and proximal duodenum present a hostile environment during any
episode of bleeding from a damaged or eroded vessel of a lesion in these upper
GI sites. The acidity and proteolytic activity enable and accelerate continued
bleeding and delay or prevent the formation or stability of any blood clot.

The current approach to medical treatment is predicated on our understanding
of these intraluminal events which aims to achieve andmaintain an intragastric pH
above pH6 to inhibit peptic activity [196••]. High-dose PPI treatment, when given
intravenously, can achieve this target, although there is individual patient variabil-
ity [204–206]. High-risk patients given PPIs should always be managed by the
intravenous route and a significant reduction in further bleeding, the need for
surgical intervention and mortality was confirmed by a meta-analysis of studies in
patients after endoscopic treatment, who continued high-dose continuous infusion
of PPIs in comparison to a control group on placebo infusion [207]. Guidelines
recommend intravenous high-dose PPI before endoscopy with the aim to stabilize
blood clot, to downgrade endoscopic stigmata of recent bleeding and also reduce
the need for endoscopic therapy [196–199].

The new class of P-CAB drugs might fulfill the unmet needs in upper GI
bleeding and improve outcomes with respect to rebleeding, transfusion require-
ments, surgical intervention, and mortality. However, the development of the P-
CABs and their approval and introduction into clinical use has focused on the
treatment of GERD and on the eradication of H. pylori infection. In spite of the
noble objectives and obvious pathophysiological arguments, non-variceal upper
GI bleeding has, to date, not been the focus of development for vonoprazan nor
tegoprazan. Planning and undertaking studies in the management of acute upper
GI bleeding present a considerable challenge but the superiority of oral vonoprazan
on pH holding times when compared with esomeprazole and rabeprazole is
clearly evident [29, 31, 208]. These three studies reported similar results comparing
esomeprazole and/or rabeprazole with vonoprazan. Vonoprazan produced signif-
icantly higher median pH; pH holding time ratio (HTR) above pH 3, 4, and 5 and
superior acid suppression over 0–24 h as well as 0–12 h and 12–24 h, with
markedly higher nocturnal pH readings. None of the studies reported data for
pH 6, although the 24-h intragastric pH curves fromone [31] of the studies suggest
that the results would, at least, be similar. In the SAMURAI pH study [208], the data
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reported for the pH 5 HTR for the cohort of healthy Japanese volunteers taking
vonoprazan (20 mg once daily) versus rabeprazole (20 mg once daily) were
(mean and SD) 80.9% (16.3) versus 38.1% (16.8), respectively. The treatment
difference (LSmean and 95%CI)was 42.7% (28.3–57.2, pG0.0001). In the second
cohort, vonoprazan (20 mg once daily) was compared with double-dose rabepra-
zole (20 mg twice daily) andHTR results (Mean and SD)were 81.5% (16.8) versus
56.5% (16.7), respectively, with a treatment difference (LS mean and 95% CI) of
25.0% (13.3–36.7, pG0.0011).

To date, there are no reports of the use of vonoprazan or tegoprazan in
patients with upper GI bleeding, although several studies have addressed the
use of vonoprazan in the management of ESD-related gastric ulcer following a
variety of indications (see above). As previously discussed, the risk of rebleeding
following ESD is a serious concern and reported to be about 5% [209–212] and
usually occurs within the first 2 weeks post procedure [213, 214].

Acid suppression is a standard component of management to accelerate the
healing of the ulcerated resection site and reduce the risk of rebleeding [187] [188].
Vonoprazan was therefore evaluated in this clinical setting. In one study [215], this
P-CAB was given to 75 patients, prospectively enrolled prior to ESD, who were
compared with 150 patients selected in a 2:1 ratio from a PPI-treated historical
control cohort, matched for age, sex, ulcer size and H. pylori status. Despite that
healing rate was higher in the PPI group, the incidence of post ESD bleeding in the
vonoprazan group 1/75 (1.3%) was lower than in the PPI-treated patients (15/
150–10%) (pG0.01). Factors which affected post-ESD bleeding were the type of
antisecretory drug (p=0.016) and use of an antithrombotic agent (p=0.014) [215].
The benefit in prevention of delayed bleeding was not confirmed by a subsequent
study [216] and by several meta-analyses [190–192, 194] (Table 7).

Table 7. Results of the available meta-analyses comparing vonoprazan with PPIs for healing of ESD-related ulcers and
preventing post-ESD delayed bleeding

First author, year Ref. Studies
N.

Patients
N.

Outcome, OR, or SMD (95% C.I.)
Ulcer healing @ 4 weeks Incidence of

delayed bleedingUlcer healing @ 8 weeks

Jaruvongnich, 2018 189 6 461 2.21 (1.19–4.08) 0.79 (0.18–3.49)
2.40 (1.04–5.55)

Liu, 2019 190 14 1328 0.56 (0.18–0.93)1 0.69 (0.38–1.23)

Kang, 2019 191 12 1265 1.20 (1.03–1.40) 0.75 (0.40–1.40)
0.68 (0.48–0.97)

He, 2019 192 7 548 0.64 (0.33–1.22) 0.78 (0.35–1.76)
0.98 (0.84–1.15)

Kim, 2019 193 21 2005 1.17 (0.64–2.12) Not reported
1.27 (1.03–1.56)

Martin, 2020* 194 13 1214 1.33 (0.33–3.21) 0.66 (0.32–1.35)
1.48 (0.81–5.20)

OR, odds ratio; SMD standardized mean difference
*Network meta-analysis
1Overall SMD
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The equivocal results with no difference between the P-CAB, vonoprazan,
and PPIs in preventing rebleeding may result from the antisecretory effects of
both drugs raising pH above the pH threshold to heal and prevent rebleeding,
especially after the effective coagulation of larger vessels which occurs in prop-
erly performed ESD. The pH threshold for ulcer healing in the duodenum is
well established at pH 3 [217] but for healing of gastric ulcer the situation is less
clear and a careful analysis of 56 trials of antisecretory drugs in the treatment of
benign gastric ulcer (GU), using an approach similar to that used for duodenal
ulcer [217], showed that no such similar correlation existed unless placebo rates
were included [218]. Correlation between GU healing was stronger with 24 h
acid suppression than nocturnal acidity and duration of treatment was themost
important variable. There was no obvious association between increasing
degrees of acid suppression and improved ulcer healing rates when exploring
omeprazole and various doses of H2RAs. Thus, the findings in these studies and
the above meta-analyses are entirely consistent with the earlier conclusions on
acid suppression and healing of gastric ulcer and do not argue for or against the
proposal to evaluate the P-CABs in patients with upper GI bleeding. Given
orally, these drugs have a potent and prolonged effect on the reduction of
intragastric acidity and meet many of the criteria for still considering a devel-
opment program for use in upper GI bleeding.

Safety of P-CABs

Although PPIs represent one of the safest drug classes available and have been
used worldwide for almost 30 years, the number of publications concerning
safety with DR-PPIs have increased dramatically with many widely publicized
topics appearing in high-profile journals or themedia. Themethodological bias
of these studies, including many confounding studies and often the lack of
biological plausibility, have been extensively discussed in some thoughtful
reviews [219••, 220•, 221]. Much of the evidence, which associates PPI treat-
ment with serious long-term conditions, is weak with very low OR [222, 223].
In clinical practice, therefore, it is important to balance the undoubted benefits of
treatment with PPIs with their purported risks and review the indications for the
choice of drug and dose and to explain this carefully to the patient [2••, 14].

In light of the above concerns, the safety of the profound acid suppression
obtained with P-CABs needs to be carefully investigated and patients treated
with these new drugs should be followed up closely. Adverse events could be
plausible and predictable (like, for instance, those concerning acid inhibition)
while others (such as those molecule-dependent) are idiosyncratic and rare.
While these latter will be unlikely with P-CABs (whose chemical structure is
different from that of the current PPIs), those connected with the primary
pharmacologic action (i.e., the antisecretory effect) may actually be exaggerated.

Clinical trials to date and subsequent meta-analyses [75–77, 142, 144, 145]
have shown that the short-term safety of vonoprazan (the only widely used and
thoroughly investigated P-CAB) in the short and medium term is excellent and
comparable to that of PPIs. Since, in both healthy volunteers and patients with
GERD, serum gastrin and pepsinogen I levelsmirrored the antisecretory effect of
vonoprazan [31, 224, 225], hypergastrinemia associated with long-term thera-
py [226] might be a concern. This issue was extensively addressed at the
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Hanbury Manor Workshop in 1995 [227] and there has been no convincing
evidence of neoplastic change in subsequent years of follow-up [228]. In most
studies of hypergastrinemia associated with the use of antisecretory drugs,
gastrin levels do not continue to increase and promptly return to normal after
discontinuation of therapy [229]. However, the results of a 52-week esophageal
healing maintenance study in patients with reflux esophagitis [64], vonoprazan
(10 or 20 mg once daily) induced a striking and progressive increase in serum
gastrin (up to 678.0 pg/mL at 52 weeks with the 20-mg dose). There were no
significant effects on gastric neuroendocrine cells at 24 and 52 weeks or changes
in pepsinogen levels, but histology findings of the antral and corpus mucosa
were not reported.

Due to the lack of long-term data, a 5-year safety study (the so called VISION
study [226]) in 195 patients with healed erosive esophagitis taking vonoprazan
(10 or 20 mg daily) or lansoprazole (15 or 30 mg daily) for maintenance was
designed. The results of the 2-year interim analysis were presented at the
Digestive Disease Week 2020. As expected from the stronger and longer-
lasting antisecretory activity, mean serum gastrin pepsinogens, and chromogra-
nin A were consistently higher in patients taking vonoprazan than in those
given lansoprazole (Table 8). However, the mean pepsinogen I/pepsinogen II
ratio was similar between the two groups and remained constant over time
[226], which is reassuring [230–232]. Endoscopic findings showed a greater
proportion of fundic gland polyps in the vonoprazan-treated patients at week

Table 8. Plasma gastrin, pepsinogens, and chromogranin A concentrations in patients receiving long-term vonoprazan
(20 mg daily) or lansoprazole (30 mg daily): results from the VISION trial (from Uemura et al. [226])

Laboratory test item Visit Mean ± SD
VPZ LPZ

Serum gastrin (pg/mL) Week 0 130.2±79.0 155.4±130.6

Week 48 730.5±479.2 379.6±412.7

Week 108 903.6±680.5 377.8±306.9

Pepsinogen I (ng/mL) Week 0 61.2±22.5 63.2±25.4

Week 48 237.5±157.8 162.3±115.9

Week 108 278.9±167.0 167.0±97.3

Pepsinogen II (ng/mL) Week 0 11.4±3.7 12.5±5.1

Week 48 37.7±30.9 24.2±16.2

Week 108 40.9±26.0 23.5±12.7

Pepsinogen I/II ratio Week 0 5.5±1.2 5.2±1.3

Week 48 6.6±1.4 6.6±1.5

Week 108 7.0±1.4 7.2±1.8

Serum chromogranin A (ng/mL) Week 0 29.8±40.1 33.8±48.7

Week 48 243.5±282.9 140.3±144.0

Week 108 348.4±365.7 193.1±256.1

LPZ, lansoprazole; SD, standard deviation; VPZ, vonoprazan
aData based on 135 patients at week 0, 124 patients in week 48, and 115 patients in week 108
bData based on 67 patients at week 0, 63 patients in week 48, and 60 patients in week 108
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48, but the between-group difference was reduced at week 108, when the
proportion of patients with hyperplastic polyps and with cobblestone mucosa
was also greater than that seen in lansoprazole-treated patients (Table 9). In
addition, patients on the P-CAB had more multiple white and flat elevated
lesions compared to those on PPI [226]. Histologic examination showed that a
greater proportion of patients in the vonoprazan group had hyperplasia of
parietal cells, foveolar cells, and G cells than in the lansoprazole group. How-
ever, at week 108, no patient in either group showed malignant alterations of
epithelial cells. In the vonoprazan group, 3 patients had hyperplastic endocrine
cell micronest (ECM) at week 108 [226]. A recent report [233] found in 2
vonoprazan-treated patients with very high hypergastrinemia the appearance
of several small white granular nodules in the gastric fundus (Fig. 2). Magnify-
ing endoscopy with narrow-band imaging showed capillary dilation on their
surface and histologic examination revealed a cystic dilated gland duct with
stored secretions. These nodules decreased with drug tapering and disappeared
after switching to an H2RA (i.e., famotidine, 40 mg daily) [233]. The authors

Table 9. Endoscopic findings of the stomach in patients receiving long-term vonoprazan (20 mg daily) or lansoprazole
(30 mg daily): results from the VISION trial (from Uemura et al. [226])

Endoscopic findings Visit n (%)
VPZa LPZb

Presence of fundic gland polyps Week 0 59 (43.7) 29 (43.3)

Week 48 67 (54.5) 29 (46.8)

Week 108 78 (67.8) 39 (65.0)

Presence of hyperplastic polyps Week 0 5 (3.7) 0 (0.0)

Week 48 9 (3.7) 4 (6.5)

Week 108 12 (10.4) 5 (8.3)

Cobblestone mucosa Week 0 3 (2.2) 0 (0.0)

Week 48 11 (8.9) 2 (3.2)

Week 108 17 (14.8) 3 (5.0)

Presence of multiple white and flat elevated lesions Week 0 3 (2.2) 5(7.5)

Week 48 4 (3.3) 5 (8.1)

Week 108 4 (3.5) 6 (10.0)

Presence of black spots Week 0 1 (0.7) 0 (0.0)

Week 48 1 (0.8) 0 (0.0)

Week 108 5 (4.3) 4 (6.7)

Incidence of gastric polyps Week 0 63 (46.7) 29 (43.3)

Week 48 74 (60.2) 31 (49.2)

Week 108 83 (72.2) 4 (6.7)

LPZ, lansoprazole; VPZ, vonoprazan
aData based on 135 patients at week 0, 123 patients in week 48, and 115 patients in week 108
bData based on 67 patients at week 0, 62 patients in week 48, and 60 patients in week 108

P-CABs: a Step Forward in Acid Suppression Scarpignato and Hunt 117



suggested naming these nodules “white granules with slight elevation (WSGE),”
similar to “white glove appearance (WGA),” sometimes observed in patients
with autoimmune gastritis and hypergastrinemia [234] or under acid suppres-
sion therapy [235]. Despite being considered specific to P-CABs, these gastrin-
related, reversible findings are likely the counterpart of the fundic gland polyps,
which can be found in up to 23% of patients on long-term PPIs [236–238]. The
mechanism by which antisecretory drugs may increase the prevalence of fundic
gland polyps is uncertain. One plausible hypothesis is that fundic gland cysts
are predisposed to by mucus-blocking of the fundic pits, as a result of the
reduced flow of glandular secretions [239].

As with PPI treatment, vonoprazan can reduce the gastric barrier to exoge-
nous microorganisms, increasing the risk of enteric infections (e.g., traveler’s
diarrhea) in those traveling to tropical regions [240, 241]. Dysbiosis [242] and
changes in the gut microbiome [243, 244, 245••] have been reported during
long-term PPI therapy and similar changes are now reported with vonoprazan.
A preliminary publication [246] suggests that—with P-CABs—the effect may be
more pronounced. The most markedly increased pathway in response to vono-
prazan was LPS biosynthesis proteins and LPS biosynthesis. These changes are
likely connected to the increase in intraluminal pH and are similar to those
observed in the H. pylori microorganism in response to external pH changes
[247]. Since LPS is a strong stimulant of immune response derived from gram-
negative bacteria [287], these findings suggest that vonoprazan may stimulate
the inflammatory status of the gut microbiome.

Conclusions and future perspectives

P-CABs clearly overcome many of the drawbacks and limitations of the DR-
PPIs. In acid-related disorders, mucosal healing is directly related to the degree
and duration of acid suppression and the length of treatment [10, 62, 93, 94].
Considering the difficulties encountered in attaining effective symptomatic
control, particularly at night, using currently available DR-PPIs once daily, this
new class of drugs achieves rapid, potent, and prolonged acid suppression and
offers the chance of addressingmany of the unmet clinical needs in GERD [4, 7,

Fig. 2. White glandular nodules, observed in a patient given vonoprazan (20 mg daily) for 11 weeks. a Endoscopic appearance; b
histologic examination, showing a cystic dilated gland duct with stored secretions (from Kinoshita et al. [233])
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8, 10], such as fast and assured healing of severe reflux esophagitis and achiev-
ing quick heartburn relief. The benefits of this prolonged acid suppression also
extends to H. pylori eradication, where the control of intragastric pH, especially
during the night, is crucial [13, 14] and where vonoprazan may provide an
optimal dual therapy as a simple, reliable, and effective first-line treatment [13,
14]. Being a pH-dependent phenomenon [164], NSAID gastropathy is effec-
tively prevented by vonoprazan, but its superiority over DR-PPIs has not been
demonstrated in this clinical setting. However, based on the available evidence,
erosive reflux disease, H. pylori infection, and secondary prevention of NSAID
gastropathy can be considered established indications for vonoprazan
(Table 10).

Other uses of this P-CAB are being evaluated, but clinical data are not yet
sufficient to allow a definite answer on its efficacy and eventual superiority over
our current standard of care (i.e., PPIs). Themost important indication of upper
GI (non-variceal) bleeding, where vonoprazan is likely to outweigh the benefits
of DR-PPIs, has not yet explored (Table 10).

Hopefully, both vonoprazan (as well as tegoprazan and fexuprazan) will be
fully evaluated also in Europe and North America, where the choice of anti-
secretory treatments remains limited. Only after worldwide extensive use can a
critical evaluation of a new agent (in particular of a first-in-class drug) be made,
allowing clinicians to determine whether it is effective and safe and whether it is
really superior to currently available treatments. As with every new drug, over-
use and misuse can occur and can be avoided only with responsible marketing
and thoughtful prescribing, together with carefulmonitoring of patients treated.
At the present time, the indications for treatment with vonoprazan or other P-

Table 10. Clinical indications (established, potential, and under evaluation) of P-CABs

Indications Superiority over PPIs
Established

Severe (Los Angeles C & D) reflux esophagitis Yes

Reflux (Los Angeles A & B) esophagitis No

Eradication of the H. pylori infection Yes

Secondary prevention of NSAID gastropathy No

Under evaluation

Non-erosive reflux disease Possible

Eosinophilic esophagitis Likely no

Treatment of NSAID ulcer Likely no

Idiopathic peptic ulcer Likely yes

Prevention of ESD delayed rebleeding Likely yes

Potential

Treatment of upper GI (non-variceal) bleeding and prevention of rebleeding Likely yes

The relative efficacy of P-CABs is based on the current available evidence (meta-analyses, RCTs, observational studies, and case reports),
discussed in this review
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CABs should be for the difficult-to-treat acid-related disorders and unmet needs,
where the benefit to risk ratio is expected to be most favorable [13, 15].
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