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our new therapeutic agents are considered in this review, the
first in a series of articles on new therapeutic agents marketed in
2022: tirzepatide (Mounjaro-Eli Lilly and Company), daridorexant
hydrochloride (Quvivig-Idorsia), tenapanor hydrochloride (Ibsrela—
Ardelyx), and vonoprazan fumarate in co-packaging with amoxi-
cillin, and amoxicillin and clarithromycin (Voquezna-Phathom

Pharmaceuticals).

Following the review of each new
therapeutic agent, the new drug is
compared with the older medication(s)
with which it is most similar in prop-
erties and uses, and its advantages
and disadvantages are identified.
(Advantages and disadvantages are
identified at the time the new drug
is first marketed and do not reflect
approval of additional new drugs and/
or changes that occur after the drug is
initially marketed.)

48 Pharmacy70dc) s MARCH 2023

Antidiabetic agent

Glucagon-like peptide-1 (GLP-1), a
peptide hormone released soon after
eating a meal, has multiple actions that
include suppressing glucagon secre-
tion, stimulating glucose-dependent
insulin secretion, slowing gastric
emptying, and promoting satiety.
The class of GLP-1receptor agonists
includes exenatide (immediate-release
formulation Byetta—AstraZeneca and
the extended-release formulation

Bydureon-AstraZeneca), liraglutide
(Victoza-Novo Nordisk), dulaglutide
(Trulicity—Eli Lilly and Company),
and semaglutide (Ozempic-Novo
Nordisk). These agents are adminis-
tered subcutaneously as adjuncts to
diet and exercise to improve glyce-
mic control in patients with type 2
diabetes. Dulaglutide, semaglutide,
and extended-release exenatide are
administered once a week, whereas
liraglutide is administered once a day
and immediate-release exenatide is
administered twice a day. An orally
administered formulation of semaglu-
tide (Rybelsus-Novo Nordisk) is also
available; it is administered once a day.

GLP-1 receptor agonists have
assumed an increasingly impor-
tant role in the treatment of diabetes
because in addition to their multiple
actions that improve glycemic control,
dulaglutide, semaglutide, and liraglu-
tide have also been approved to reduce
the risk of major adverse cardio-
vascular events (MACE) in patients
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Learning objectives

agents.

disadvantages of the new drugs.

Preassessment questions

a. Tirzepatide

b. Daridorexant
c. Tenapanor

d.  Vonoprazan

a. Tirzepatide
b.  Daridorexant
c. Tenapanor
d.  Vonoprazan

intermediate duration of action.

o

At the conclusion of this knowledge-based activity, the pharmacist will be able to

Identify the new therapeutic agents and explain their appropriate use.
Identify the indications and mechanisms of action of the new agents.
Identify the most important adverse events and other risks of the new therapeutic

State the route of administration for each new drug and the most important consider-
ations regarding dosage and administration.

Compare the new therapeutic agents with older medications to which they are most
similar in properties and/or use and identify the most important advantages and

Before participating in this activity, test your knowledge by answering the following
questions. These questions will also be part of the CPE assessment.

1. Which of the following agents should be administered immediately prior to a meal?

2. Which of the following agents is administered subcutaneously?

3. Which of the following statements is correct regarding daridorexant?
a. Itacts as an orexin receptor agonist.
b. In comparison with other drugs with a similar action, it is considered to have an

It has been demonstrated to be more effective than eszopiclone.
d. Itis eliminated in unchanged form in the urine.

with type 2 diabetes and established
cardiovascular disease, and formula-
tions of semaglutide (Wegovy—Novo
Nordisk) and liraglutide (Saxenda—
Novo Nordisk) have been approved as
adjuncts to a reduced-calorie diet and
increased physical activity for chronic
weight management in patients with
or without diabetes.

Tirzepatide is the most recent addi-
tion to the class of GLP-1 receptor
agonists; however, unlike its predeces-
sors, it is a dual-targeted treatment that
also activates glucose-dependent insu-
linotropic polypeptide (GIP) receptors.
It is a 39-amino acid modified peptide
based on the GIP sequence, and it is
administered subcutaneously as an
adjunct to diet and exercise to improve
glycemic control in adults with type 2
diabetes mellitus.

Tirzepatide is administered subcu-
taneously in the abdomen, thigh, or
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upper arm, and the injection site
should be rotated with each dose. As
with dulaglutide, subcutaneous sema-
glutide, and extended-release exena-
tide, it is administered once a week.
The recommended starting dosage is
2.5 mg injected once a week; however,
it should be noted that this dosage
is for treatment initiation and is not
intended for glycemic control. After
4 weeks, the dosage is increased to 5
mg once a week. If additional glycemic
control is needed, the dosage may be
increased in 2.5 mg increments after
at least 4 weeks on the current dose.
The maximum dosage is 15 mg once a
week. If the new drug is used concur-
rently with insulin, the products
should be administered as separate
injections and should not be mixed
with tirzepatide.

Tirzepatide injection is available in
prefilled single-dose pens containing

2.5 mg, 5 mg, 7.5 mg, 10 mg, 12.5 mg,
and 15 mg per 0.5 mL. The drug should
be stored in a refrigerator in its original
carton of 4 single-dose pens.

The effectiveness of tirzepatide was
evaluated in five 40- or 52-week clinical
trials as either a stand-alone therapy or
as an add-on to other medications for
diabetes. Three doses of the new drug
(5 mg, 10 mg, 15 mg) were evaluated,
and it was compared with placebo,
semaglutide, insulin degludec (Tresiba—
Novo Nordisk), and insulin glargine
(e.g., Lantus-Sanofi). Patients receiving
the maximum recommended dosage of
15 mg once a week of tirzepatide expe-
rienced, on average, a lowering of their
hemoglobin Al1C by 1.6% more than
placebo, 0.5% more than semaglutide,
0.9% more than insulin degludec, and
1% more than insulin glargine.

Many patients with diabetes are
overweight, and obesity was common
among the participants in the clinical
trials, with an average BMI of 32-34
kg/m? at the time of enrollment. Some
antidiabetic agents (e.g., insulin, sulfo-
nylureas) have been associated with
weight gain during treatment, but those
treated with a GLP-1 receptor agonist
often experience weight loss. In patients
treated with the maximum recom-
mended dosage, the average weight
loss with tirzepatide was 15 pounds
more than with a placebo, 12 pounds
more than semaglutide, 29 pounds
more than insulin degludec, and 27
pounds more than insulin glargine.

Notwithstanding the likely greater
weight loss with tirzepatide, chronic
weight management is not a labeled
indication for the new agent at present,
as it is with semaglutide and liraglu-
tide. It has not yet been determined
whether tirzepatide reduces the risk
of MACE, whereas this is a labeled
indication for dulaglutide, semaglu-
tide, and liraglutide in patients with
diabetes and established cardiovas-
cular disease.

The limitations of use for tirzepatide
are similar to those of other agents with
GLP-1 receptor agonist activity, and
it should not be used in patients with
type 1 diabetes. Acute pancreatitis has
been infrequently reported with these
agents, and they have not been studied
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in patients with a history of pancre-
atitis. If pancreatitis is suspected,
treatment with tirzepatide should be
promptly discontinued. Other antidia-
betic agents should be considered in
patients with a history of pancreatitis.

In studies in rodents, tirzepatide and
other GLP-1 receptor agonists have
been reported to cause thyroid C-cell
tumors, but it is not known whether
they cause these tumors in humans.
However, the labeling for these agents
includes a boxed warning about this
possibility and for contraindications
in patients with a personal or family
history of medullary thyroid carci-
noma or in patients with multiple
endocrine neoplasia syndrome type 2.

The most commonly reported
adverse events in the studies of tirz-
epatide (and their incidence with the
weekly dosage of 10 mg and 15 mg,
respectively) include nausea (15%,
18%), diarrhea (13%, 17%), decreased
appetite (10%, 11%), vomiting (5%, 9%),
constipation (6%, 7%), dyspepsia (8%,
5%), and abdominal pain (5%, 5%).
The new agent has not been studied
in patients with severe GI disease,
including severe gastroparesis, and
its use is not recommended in these
patients. Acute kidney injury and
worsening of chronic renal failure have
been infrequently reported in patients
treated with GLP-1 receptor agonists;
most of these events have occurred
in patients who had experienced GI
adverse events such as vomiting and
diarrhea that resulted in dehydra-
tion. Renal function should be moni-
tored when initiating or increasing
the dosage of tirzepatide in patients
with renal impairment who also report
severe Gl adverse events.

Additional risks associated with
the use of tirzepatide and other GLP-1
receptor agonists include hypersen-
sitivity reactions, complications in
patients with a history of diabetic reti-
nopathy, and acute gallbladder disease
(e.g., cholelithiasis, cholecystitis). There
are insufficient data to evaluate the
safety of using tirzepatide during
pregnancy or lactation, but based on
animal studies its use during preg-
nancy may be associated with adverse
developmental effects.
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As with semaglutide, the effec-
tiveness and safety of tirzepatide
in patients younger than 18 years
have not been established. However,
dulaglutide, extended-release exena-
tide, and liraglutide are indicated for
patients 10 years and older who have
type 2 diabetes.

Following subcutaneous administra-
tion, the mean absolute bioavailability
of tirzepatide is 80%. It is metabolized
via proteolytic cleavage, beta-oxidation,
and amide hydrolysis, and it is elimi-
nated as metabolites in the feces and
urine. Dosage adjustment is not neces-
sary in patients with hepatic or renal
impairment.

Tirzepatide and the other GLP-1
receptor agonists are not likely to
cause hypoglycemia. However, there
is an increased risk of hypoglycemia
if they are used in combination with
insulin or an insulin secretagogue, and
areduction in dosage of the latter agent
may be necessary.

Because the GLP-1 receptor agonists
delay gastric emptying, a poten-
tial exists for altered absorption and
activity of concomitantly adminis-
tered oral medications. The delay in
gastric emptying caused by tirzepatide
is greatest after the first dose and this
effect diminishes over time. Patients
who are concurrently treated with oral
medications dependent on threshold
concentrations for efficacy and/or
with a narrow therapeutic index (e.g.,
warfarin) should be monitored for
a potential change in activity. The
labeling for tirzepatide advises that
patients using oral hormonal contra-
ceptives switch to a non-oral contracep-
tive method, or add a barrier method of
contraception, for 4 weeks after initia-
tion and for 4 weeks after each dosage
increase with tirzepatide.

Hypnotic

Orexins are naturally occurring
neuropeptides that act in a signal-
ing mechanism as a central promoter
of wakefulness. This wake-promoting
action results from the binding of
orexin A and orexin B to OXIR and
OX2R receptors. Daridorexant hydro-
chloride (Quvivig-Idorsia) is the third
orexin receptor antagonist to be

Comparison of tirzepatide with

dulaglutide and semaglutide

Advantages

M [tis more effective in reducing hemoglo-
bin A1C and causing weight loss than
semaglutide, insulin degludec, and insulin
glargine based on comparative clinical
studies.

B [t has dual-targeted mechanisms of action
(i.e., it is an agonist of both GLP-1 and
GIP receptors).

Disadvantages

M [tis not indicated in pediatric patients,
whereas dulaglutide is indicated for use
in patients 10 years and older with type
2 diabetes.

B Labeled indications are more limited
(i.e., it is not yet approved for chronic
weight management, and it has not been
determined whether it reduces the risk
of MACE).

approved for the treatment of patients
with insomnia, joining suvorexant
(Belsomra—Merck) and lemborexant
(Dayvigo-Eisai Inc). By blocking the
binding of orexins to their receptors,
these agents are thought to suppress
the wake drive. Like its predecessors,
daridorexant is indicated for the treat-
ment of adult patients with insomnia
characterized by difficulties with sleep
onset and/or sleep maintenance.

Daridorexant  hydrochloride is
supplied in film-coated tablets in quan-
tities equivalent to 25 mg and 50 mg of
daridorexant.

The effectiveness of daridorexant
was evaluated in 2 placebo-controlled
trials in which the primary efficacy
endpoints were the change from base-
line to month 1 and month 3 in latency
to persistent sleep (LPS, a measure of
sleep induction) and wake after sleep
onset (WASO, a measure of sleep main-
tenance). A secondary endpoint was
patient-reported subjective total sleep
time (STST) that patients evaluated
every morning at home using a sleep
diary questionnaire.

In the first study, doses of 25 mg
and 50 mg of daridorexant showed
a statistically significant improve-
ment compared with placebo on LPS,
WASQO, and sTST at months 1 and 3.
In the second study, a dose of 25 mg
of the new drug showed a statistically
significant improvement compared
with placebo on WASO and sTST but
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not LPS at months 1 and 3. (The 50 mg
dose was not evaluated in this study:.)
Patients treated with daridorexant in
both studies reported longer total sleep
time (about 10-20 minutes) and better
sleep quality than those receiving a
placebo.

The 3 orexin receptor antagonists as
well as hypnotics such as eszopiclone
and temazepam are considered to have
an intermediate duration of action
in comparison with agents such as
triazolam and ramelteon, which have
a short duration of action, and fluraz-
epam, which has a long duration of
action.

The loss of orexin receptors has been
reported in individuals with narco-
lepsy, and antagonism of orexin recep-
tors by daridorexant may be associated
with signs of narcolepsy or cataplexy.
Symptoms similar to mild cataplexy,
such as periods of leg weakness, can
occur with daridorexant and the
other orexin receptor antagonists, and
their use is contraindicated in patients
with narcolepsy. Sleep paralysis—an
inability to speak or move for several
minutes during sleep-wake transi-
tions—and hallucinations have also
been infrequently reported.

Adverse events experienced most
often with daridorexant (and their inci-
dence with the 25 mg and 50 mg doses,
respectively) include headache (6%,
7%) and somnolence or fatigue (6%,
5%). In a controlled study of the night-
time administration of daridorexant
on next-morning driving performance,
using a driving simulator, both doses
of the drug caused a statistically signif-
icant impairment of next-day driving
skills after the first dose. Although
the mean effect on driving perfor-
mance was not statistically significant
after 4 consecutive nights of treatment
with either dose, driving ability was
impaired in some individuals. In view
of the individual variation in sensi-
tivity to daridorexant, patients should
be cautioned about the potential for
next-morning driving impairment.
Patients should also be cautioned
about central nervous system (CNS)
depressant effects and related risks
that increase with dosage and concur-
rent use with other CNS depressants.
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Patients should be advised not to
consume alcohol because coadminis-
tration with daridorexant may result
in additive effects on psychomotor
performance.

The use of hypnotics, including dari-
dorexant, has been associated with the
occurrence of complex sleep behaviors,
including sleepwalking, sleep-driving,
and engaging in other activities
while not fully awake (e.g., preparing
and eating food, phone conversa-
tions) which patients do not usually
remember. Treatment should be imme-
diately discontinued if patients experi-
ence these effects.

Worsening of depression and suicidal
ideation has been associated with the
use of hypnotics. Appropriate precau-
tions must be observed in evaluating,
treating, and monitoring patients
for these risks. Like suvorexant and
lemborexant, daridorexant is classified
as a schedule IV controlled substance.
However, in clinical trials of chronic
administration of the new drug,
discontinuation of treatment was not
associated with withdrawal signs or
symptoms, and it appears unlikely to
cause physical dependence.

The respiratory depressant effect
of daridorexant was evaluated in
patients with mild to moderate
obstructive sleep apnea (OSA) not
requiring continuous positive airway
pressure (CPAP) and in patients with
moderate chronic obstructive pulmo-
nary disease (COPD); it was well-
tolerated. However, it has not been
studied in patients with severe OSA
or those requiring CPAP, or in patients
with severe COPD, and it must be used
with caution in patients with compro-
mised respiratory function.

Sufficient data are not available to
assess the risk of daridorexant use
during pregnancy and lactation. The
risk of adverse events if used during
pregnancy appears to be low, but those
who are exposed to the drug during
pregnancy are advised to register in
the company’s pregnancy registry by
calling 1-833-400-9611. It is likely that
daridorexant and its metabolites will
be present in human milk, and infants
exposed to the drug through breast
milk should be monitored for excessive

sedation. The effectiveness and safety
of the new drug in pediatric patients
have not been established.

Following oral administration, dari-
dorexant has a prompt onset of action
and it has an absolute bioavailability
of 62%. It is extensively metabolized
via the CYP3A4 pathway, and approxi-
mately 60% of a dose is recovered in
the feces and 30% in the urine. Dosage
adjustment is not necessary in patients
with renal impairment, but it should
be used in a lower dosage in patients
with moderate hepatic impairment.
The new agent has not been studied
in patients with severe hepatic impair-
ment, and its use in these patients is
not recommended.

As with suvorexant and lembo-
rexant, the activity of daridorexant is
increased by drugs that are CYP3A4
inhibitors and decreased by CYP3A4
inducers. Concurrent use of dari-
dorexant or suvorexant with a strong
CYP3A4 inhibitor (e.g., clarithromycin,
itraconazole) should be avoided, but
the hypnotic may be used in a lower
dosage in patients being treated with a
moderate CYP3A4 inhibitor (e.g., dilti-
azem, fluconazole). The labeling for
lemborexant recommends that concur-
rent use with a strong or moderate
CYP3A4 inhibitor be avoided, and that
it be used in a lower dosage in patients
taking a weak CYP3A4 inhibitor. The
use of daridorexant or lemborexant
should be avoided in patients treated
with a strong or moderate CYP3A4
inducer (e.g., carbamazepine, rifampin,
St. John’s wort), whereas the labeling
for suvorexant cautions that its efficacy
may be reduced by the concurrent use
of a strong CYP3A4 inducer.

Unlike daridorexant and lembo-
rexant, suvorexant is a P-glycoprotein
(P-gp) inhibitor, and it may increase
the serum concentration and activity
of P-gp substrates such as digoxin.

The maximum concentration and
time to sleep onset of daridorexant may
be delayed if it is taken with or soon
after a meal. The recommended dosage
is 25 mg or 50 mg once per night, taken
within 30 minutes before going to bed,
with at least 7 hours remaining prior
to planned awakening. In patients
with moderate hepatic impairment
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Comparison of daridorexant with
suvorexant and lemborexant

Advantages

M |t may be used in a lower dosage in
patients treated concurrently with a
moderate CYP3A4 inhibitor (compared
with lemborexant).

Disadvantages

W Concurrent use with strong or moderate
CYP3A4 inducers should be avoided
compared with suvorexant, for which the
labeling does not preclude concurrent
use with a CYP3A4 inducer.

M |t has not been directly compared with

other hypnotics in clinical studies.

and in those also being treated with
a moderate CYP3A4 inhibitor, the
maximum recommended dosage is 25
mg once per night.

Agent for IBS

Irritable bowel syndrome (IBS) is a GI
disorder in which abdominal pain is
associated with constipation and/or
diarrhea as well as sometimes other GI
symptoms such as bloating. IBS with
constipation (IBS-C) affects more than
11 million people in the U.S., many of
whom donotexperience adequate relief
from dietary modification and use of
laxatives. Medications that have been
approved for the treatment of IBS-C
include the secretagogues lubiprostone
(indicated in women at least 18 years
old), a chloride channel activator, and
the guanylate cyclase-C agonists lina-
clotide (Linzess—AbbVie) and plecana-
tide (Trulance-Salix Pharmaceuticals).
The serotonin-4 receptor agonist tega-
serod (Zelnorm-Alfasigma) is effective
in some patients with IBS-C; however,
because it may cause cardiovascular
adverse events, its use is restricted to
women less than 65 years old who do
not have a history of serious cardiovas-
cular problems.

The sodium/hydrogen exchanger
3 (NHES3) is expressed on the apical
surface of the small intestine and
colon, and it is primarily responsible
for the absorption of dietary sodium.
Tenapanor hydrochloride (Ibsrela—
Ardelyx) is the first NHE3 inhibitor
to be approved and is administered
orally. It is minimally absorbed and
acts locally in the GI tract. By reducing
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the absorption of sodium, it causes an
increase in water secretion into the
intestinal lumen, which accelerates
intestinal transit time and results in a
softer stool consistency. In studies in
animals, it has also been reported to
reduce abdominal pain.

Tenapanor hydrochloride is supplied
in tablets in a quantity equivalent to
50 mg of tenapanor. The labeling for
linaclotide and plecanatide provides
instructions for mixing the drugs with
applesauce or water for patients who
have difficulty swallowing capsules
or tablets or who have a nasogastric
or gastric feeding tube. However,
such instructions are not provided for
tenapanor.

The recommended dosage of tena-
panor is 50 mg orally twice a day,
and the drug should be administered
immediately before breakfast or the
first meal of the day and immediately
before dinner. Linaclotide and plecan-
atide are administered once a day, and
linaclotide should be administered at
least 30 minutes prior to the first meal
of the day.

The effectiveness of tenapanor was
evaluated in 2 placebo-controlled
clinical trials having identical designs
during the first 12 weeks of treatment.
The primary endpoint was the propor-
tion of responders, which were defined
as a patient achieving both the stool
frequency and abdominal pain inten-
sity criteria in the same week for at least
6 of the first 12 weeks of treatment. The
stool frequency responder criterion
was defined as a patient who experi-
enced an increase of at least 1 complete
spontaneous bowel movement (CSBM)
in a weekly average from baseline,
and the abdominal pain responder
criterion was defined as a patient who
experienced at least a 30% reduction in
the weekly average of abdominal pain
score compared with baseline. In one
of the trials, 37% of the patients treated
with tenapanor were responders, with
47% being CSBM responders and 50%
being abdominal pain responders,
compared with 24%, 33%, and 38%,
respectively, of those receiving a
placebo. In the other trial, the corre-
sponding percentages of responders
treated with tenapanor were 27%, 34%,

and 44%, compared with 19%, 29%, and
33% of those receiving placebo.

Lubiprostone, linaclotide, and
plecanatide are also indicated for
the treatment of chronic idiopathic
constipation in adults, and lubipro-
stone is also indicated for the treat-
ment of opioid-induced constipation
in adults with chronic noncancer pain.
However, these are not labeled indica-
tions for tenapanor at present.

Tenapanor was approved by the
FDA in 2019 but the company was also
conducting studies of its use to control
serum phosphorus in patients with
chronic kidney disease (CKD) who are
on dialysis, and it delayed marketing
the drug with the hope that the addi-
tional indication for the drug would
soon be approved. However, when the
indication for patients with CKD (that
was considered of greater importance)
was still not approved by 2022, the
drug was marketed for the treatment
of IBS-C.

The effectiveness and safety of tena-
panor, linaclotide, and plecanatide in
patients less than 18 years have not
been established. However, the 3 drugs
are associated with a risk of serious
dehydration in pediatric patients;
in studies in juvenile mice and rats,
the drugs have caused deaths due to
dehydration. The labeling for each of
the drugs includes a boxed warning
regarding this risk. Tenapanor and
plecanatide are contraindicated in
patients less than 6 years, and the use
of these agents should be avoided in
patients aged 6-12 years and less than
18 years, respectively. Linaclotide is
contraindicated in patients less than
2 years. All 3 drugs are also contra-
indicated in patients with known or
suspected mechanical GI obstruction.

The adverse events most often
reported in the studies of tenapanor
include diarrhea (16%), abdominal
distension (3%), flatulence (3%),
and dizziness (2%). Severe diarrhea
occurred in 2.5% of patients and, if
severe diarrhea occurs, treatment
should be suspended and the patient
should be rehydrated. Tenapanor is
minimally absorbed, and its use is
not expected to cause risk during preg-
nancy or result in a clinically relevant
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Comparison of tenapanor with
linaclotide and plecanatide

Advantages

W It has a unique mechanism of action (i.e.,
it is a sodium/hydrogen exchanger 3
[NHES3] inhibitor).

Disadvantages

M |tis administered more frequently (i.e.,
twice a day), whereas linaclotide and
plecanatide are administered once a day.
Instructions for use in patients with
swallowing difficulties are not provided.
It may reduce the effectiveness of
OATP2B1 substrates (e.g., enalapril).

It has not been directly compared with
previous agents in clinical trials.

Its labeled indications are more limited
(linaclotide and plecanatide are also
indicated for chronic idiopathic constipa-
tion).

exposure to breastfed infants.

Most of a dose of tenapanor is
excreted in the feces as unchanged
drug, with less than 10% recovered
in the urine primarily as metabolites.
Tenapanor is an inhibitor of intestinal
uptake transporter organic anion trans-
porter polypeptide 2B1 (OATP2B1), and
concurrent use with a substrate of this
transporter (e.g., enalapril) is likely to
reduce exposure and effectiveness of
the latter agent, possibly necessitating
an increase in dosage of enalapril.

Gastric acid suppressant

Helicobacter pylori (H. pylori) is a gram-
negative bacterium that is a common
cause of infection in the stomach.
It is estimated to affect more than
100 million people in the U.S. It does
not usually cause symptoms but may
cause inflammation and local tissue
damage that result in gastritis and/
or peptic ulcer, and an association
with certain gastric cancers. Symp-
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tomatic H. pylori infections are most
commonly treated with a combina-
tion of a gastric acid suppressant (e.g.,
omeprazole, lansoprazole) with one or
more antimicrobial agents (e.g., amoxi-
cillin, clarithromycin, metronidazole,
tetracycline, rifabutin). There has been
increased resistance of H. pylori to
clarithromycin and (to a lesser extent)
to metronidazole. Bismuth quadruple
therapy with the combination product
that contains bismuth subcitrate potas-
sium, metronidazole, and tetracycline
(Pylera—AbbVie) plus omeprazole or
another PPI is usually considered the
preferred treatment for H. pylori infec-
tion.

PPIs such as omeprazole block
the final step of gastric acid produc-
tion. Vonoprazan fumarate is a type
of gastric PPI that is designated as a
potassium-competitive acid blocker.
It acts to suppress acid secretion at
the surface of the gastric parietal cell
by reducing potassium binding at the
hydrogen-potassium-ATPase enzyme
system (ie, proton pump). It is the
first gastric acid suppressant with this
mechanism of action, and it provides a
higher intragastric pH and has a longer
half-life than the other PPIs.

Vonoprazan is not marketed as a
single agent in the U.S, but rather
as a copackaged product that
includes the new drug with amoxi-
cillin capsules (Voquezna Dual Pak-
Phathom Pharmaceuticals) and as a
copackaged product with amoxicillin
capsules and clarithromycin tablets
(Voquezna  Triple Pak-Pharthom
Pharmaceuticals).

The products have been approved
for the treatment of H. pylori infec-
tion in adults and are used in a 14-day

APhA is accredited by the Accredita-
tion Council for Pharmacy Education
~ (ACPE) as a provider of continuing
“ pharmacy education (CPE). The
ACPE Universal Activity Number assigned
to this activity by the accredited provider is
0202-0000-23-167-H01-P.
Advisory board: Mark S. Johnson, PharmD,
BCPS, CRE, Professor of Pharmacy Practice,
Bernard J. Dunn School of Pharmacy, Shenan-
doah University, Winchester, VA; and Katie
Meyer, PharmD, Director, Content Creation,
APhA, Washington, DC.

course of treatment.

The effectiveness of the2 vonoprazan-
containing copackaged products as
well as a regimen of lansoprazole,
amoxicillin, and clarithromycin (LAC)
was evaluated in treatment-naive
H. pylori—positive adult patients with at
least one clinical condition (e.g., peptic
ulcer, dyspepsia).

H. pylori eradication was confirmed
with a negative ®C urea breath test
conducted at least 27 days following
the completion of treatment. The
vonoprazan triple and dual combi-
nation products were shown to
be noninferior to LAC in patients
who did not have a clarithromycin
or amoxicillin resistant strain of
H. pylori at baseline, with eradication
rates of 85%, 79%, and 79%, respec-
tively. However, the vonoprazan prod-
ucts were superior to LAC in patients
who had a clarithromycin resistant
strain of H. pylori at baseline, with
eradication rates of 66%, 70%, and 32%,
respectively. Although the regimens
have not been directly compared in
clinical trials, the results of the studies
with the individual regimens suggest
that the vonoprazan regimens are less
effective than the bismuth quadruple
therapy regimen.

The adverse events most often
experienced in the clinical trial—
and their incidence with the vono-
prazan triple combination, vono-
prazan dual combination, and LAC,
respectively—include diarrhea (4%,
5%, 10%), dysgeusia (5%, 1%, 6%),
vulvovaginal yeast infections (3%, 2%,
1%), and abdominal pain (2%, 3%, 3%).
The properties and the risks of adverse
events and drug interactions with
amoxicillin and clarithromycin are

Disclosures: Daniel A. Hussar, PhD, FAPhA;
Mark S. Johnson, PharmD, BCPS, CRE; Katie
Meyer, PharmD, BCPS, BCGP; and APhA’s
editorial staff declare no conflicts of interest

or financial interests in any product or service
mentioned in this activity, including grants, em-
ployment, gifts, stock holdings, and honoraria.
For complete staff disclosures, please see www.
pharmacist.com/Education/Education-FAQs.
Development: This home-study CPE activity
was developed by APhA.

MARCH 2023 « Pharmacy70dcay 53



Comparison of vonoprazan plus
clarithromycin and/or amoxicillin
with LAC

Advantages

B Regimens are more effective in patients
who have a clarithromycin resistant
strain of H. pylori at baseline.

M Vonoprazan has a unique mechanism of
action (i.e., it is a potassium-competitive
acid blocker).

Disadvantages

B [t may be less effective than bismuth
quadruple therapy (based on noncom-
parative studies of individual regimens);

M Vonoprazan is not available as a single
agent.

well-recognized as a result of their
long-term use, and most of the concerns
(e.g, QT prolongation, hepatotoxicity)
identified in the labeling of the new
products pertain to the inclusion of
clarithromycin in the triple combina-
tion product. The properties of vono-
prazan that are relevant to its use in
combination regimens are the primary
focus in the following discussion.
There are insufficient data in patients
who are pregnant or breastfeeding to
determine if there are risks of devel-
opmental events or adverse effects in
nursing infants. However, because of
the risks with clarithromycin, the triple
regimen including this agent should
not be used during pregnancy. It is
likely that vonoprazan will be present
in human milk; based on concerns
from studies in animals, breastfeeding
is not recommended during treatment.
A lactating patient can pump and
discard breast milk during treatment

CPE information

To obtain 1 hour of CPE credit for this activity,
complete the CPE exam and submit it online at www.
pharmacist.com/education. A Statement of Credit
will be awarded for a passing grade of 70% or better.
You have two opportunities to successfully complete
the CPE exam. Pharmacists and technicians who
successfully complete this activity before March 1,
2026, can receive credit. Your Statement of Credit
will be available online immediately upon successful
completion of the CPE exam.

This policy is intended to maintain the integrity of the
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and for 2 days after the completion
of treatment, and the infant can be
fed with stored human milk collected
prior to treatment or with formula.

Although amoxicillin and clarithro-
mycin are each indicated for treating
infections in pediatric patients, the
effectiveness and safety of the vono-
prazan combination regimens have not
been established in patients less than
18 years old.

Following oral administration and
absorption, vonoprazan is metaboliz-
ed via multiple pathways including
CYP3A4/5 and CYP2C19. Approxi-
mately 67% of a dose is recovered in the
urine and 31% in the feces, primarily
as metabolites. Its use in combination
with clarithromycin and/or amoxi-
cillin should be avoided in patients
with severe renal impairment and in
patients with moderate and severe
hepatic impairment.

As a CYP3A substrate, the activity of
vonoprazan as well as that of clarithro-
mycin may be reduced by strong or
moderate CYP3A4 inducers (e.g., carba-
mazepine), and concurrent use should
be avoided. Vonoprazan is a weak
CYP3A inhibitor and clarithromycin is
a strong inhibitor of this pathway; they
may increase the exposure and risks of
CYP3A substrates.

Concurrent use with CYP3A4 sub-
strates—during which small changes
in concentration may result in serious
toxicity (e.g, cyclosporine, tacro-
limus)—should be closely monitored.

Vonoprazan is a CYP2C19 inhibitor
and may reduce the conversion of

CPE activity. Learners who successfully complete this
activity by the expiration date can receive CPE credit.
Please visit CPE Monitor for your statement of credit/
transcript.

To claim credit

1. Go to http://apha.us/CPE0323.

2. Log in to your APhA account, or register as a
New user.

3. Select “Enroll Now” or “Add to Cart” (click “View
Cart” and “Check Out”).

clopidogrel to its active metabolite
via this pathway and possibly decrease
its antiplatelet activity. However, it
may increase exposure of drugs that
are substrates for this pathway (e.g.,
citalopram, cilostazol).

Because vonoprazan reduces intra-
gastric acidity, it may reduce the
absorption and serum concentration
of rilpivirine, and concurrent use is
contraindicated. The new drug may
also reduce the absorption of drugs
such as itraconazole which are depen-
dent on an acidic medium for optimum
absorption. Conversely, the reduc-
tion in intragastric acidity increases
chromogranin A levels and may
cause false positive results in diag-
nostic investigations for neuroendo-
crine tumors.

Vonoprazan fumarate is supplied in
tablets in an amount equivalent to 20
mg of vonoprazan. The Voquezna Dual
Pak is copackaged containing vono-
prazan tablets (20 mg) and amoxicillin
capsules (500 mg); the recommended
dosage is vonoprazan 20 mg twice a
day (morning and evening) plus amoxi-
cillin 1,000 mg 3 times a day (morning,
midday, and evening) with or without
food for 14 days. The Voquezna Triple
Pak is copackaged containing vono-
prazan tablets (20 mg), amoxicillin
capsules (500 mg), and clarithromycin
tablets (500 mg); the recommended
dosage is vonoprazan 20 mg plus amox-
icillin 1,000 mg plus clarithromycin
500 mg, each administered twice a day
(morning and evening, 12 hours apart)
with or without food for 14 days. B

4. Complete the assessment and evaluation.

5. Click “Claim Credit.” You will need to provide your
NABP e-profile ID number to obtain and print your
statement of credit.

Assistance is available Monday through Friday
from 8:30 am to 5:00 pm ET at APhA InfoCenter
by calling 800-237-APhA (2742) or by e-mailing
infocenter@aphanet.org.
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CPE Assessment
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This assessment must be taken online; please see “CPE information” in the sidebar on the previous page for further
instructions. The online system will present these questions in random order to help reinforce the learning opportunity.
There is only one correct answer to each question.

il

Which of the following agents
acts as a potassium-competitive
acid blocker?

a. Tirzepatide

b. Daridorexant

c. Tenapanor

d. Vonoprazan

Which of the following agents
is indicated for the treatment of
patients with type 2 diabetes?

a. Tirzepatide

b. Daridorexant

c. Tenapanor

d. Vonoprazan

Which of the following agents
should be administered immedi-
ately prior to a meal?

a. Tirzepatide

b. Daridorexant

c. Tenapanor

d. Vonoprazan

Which of the following agents is
contraindicated in patients with
narcolepsy?

a. Tirzepatide

b. Daridorexant

c. Tenapanor

d. Vonoprazan

Which of the following agents is
administered subcutaneously?
a. Tirzepatide

b. Daridorexant
c. Tenapanor
d. Vonoprazan

www.pharmacist.com

6.

Which of the following state-
ments is correct regarding tirzepa-
tide?

a. Itisindicated for use in
patients 10 years and older.

b. Dizziness is the adverse event
most often associated with its
use.

c. Itis administered once a week.

d. Following initiation of treat-
ment, maintenance doses of
2.5 mg should be adminis-
tered.

Which of the following state-
ments is correct regarding dari-
dorexant?

a. Itacts as an orexin receptor
agonist.

b. In comparison with drugs
with a similar indication, it is
considered to have an interme-
diate duration of action.

c. Ithas been demonstrated to be
more effective than eszopi-
clone.

d. Itis eliminated in unchanged
form in the urine.

Which of the following state-
ments is correct regarding tena-
panor?

a. Itis extensively metabolized
via hepatic CYP3A4 metabolic
pathways.

b. Nausea is the adverse event

most often associated with its

use.

It is administered once a day.

It acts as a sodium /hydrogen

exchanger 3 inhibitor.

an

10.

Which of the following state-
ments is correct regarding vono-
prazan?

a. Itis used in combination with
omeprazole and metronida-
zole.

b. Itisindicated for use in the
treatment of infections caused
by Clostridioides difficile.

c. Concurrent use with rilpiv-
irine is contraindicated.

d. Itis administered once a day.

Which of the following state-
ments is correct regarding the
comparison of tirzepatide and
semaglutide?

a. Both agents have been dem-
onstrated to reduce the risk of
major adverse cardiovascular
events.

b. Hypoglycemia is the most
important adverse event with
the use of both agents.

c. Both agents act as GLP-1
receptor agonists, but tirzepa-
tide also acts as an SGLT-2
inhibitor.

d. Tirzepatide has been demon-
strated to cause greater weight
loss than semaglutide in a
comparative study.
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