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BACKGROUND & AIMS:
Abbreviations used in this pape
IQR, interquartile range; NERD
tassium-competitive acid block
States.

Most current article
Potassium-competitive acid blockers have documented efficacy for erosive esophagitis. We
performed a randomized trial in United States subjects diagnosed with non-erosive reflux
disease of vonoprazan vs placebo for 4 weeks, followed by a 20-week active-treatment
extension.
METHODS:
 Adult subjects with heartburn ‡4 days/week during screening without erosive esophagitis on
endoscopy were randomized to placebo, vonoprazan 10 mg, or vonoprazan 20 mg. After 4
weeks, subjects on placebo were re-randomized to vonoprazan 10 mg or 20 mg, and those
already on vonoprazan continued at the same dose for 20 weeks. Electronic diaries were
completed twice daily. The primary endpoint was percentage of days without daytime or
nighttime heartburn (24-hour heartburn-free days).
RESULTS:
 Among 772 randomized subjects, the percentage of 24-hour heartburn-free days was 27.7% for
placebo vs 44.8% for vonoprazan 10 mg (least squares mean difference, 17.1%; P < .0001) and
44.4% for vonoprazan 20 mg (least squares mean difference, 16.7%; P < .0001). Differences in
percentage of subjects with a 24-hour heartburn-free day for vonoprazan 10 mg vs placebo and
vonoprazan 20 mg vs placebo were 8.3% and 11.6% on day 1 and 18.1% and 23.2% on day 2.
r: GERD, gastroesophageal reflux disease;
, non-erosive reflux disease; PCAB, po-
er; PPI, proton pump inhibitor; U.S, United
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The mean/median percentages of 24-hour heartburn-free days over the extension period were
similar across the 4 study arms: 61%-63%/76%-79%.
CONCLUSIONS:
 Vonoprazan reduced heartburn symptoms in subjects diagnosed with non-erosive reflux dis-
ease, with the benefit appearing to begin as early as the first day of therapy. Treatment effect
persisted after the initial 4-week placebo-controlled period throughout the 20-week extension
period. The 2 vonoprazan doses (10 mg and 20 mg) were similar in efficacy. (ClinicalTrials.gov:
NCT05195528)
Keywords: Gastroesophageal Reflux; Heartburn; Potassium-competitive Acid Blocker.
Patients who have typical symptoms (heartburn,
regurgitation) of gastroesophageal reflux disease

(GERD) without erosive esophagitis at endoscopy are
commonly classified as having non-erosive reflux disease
(NERD). Proton pump inhibitors (PPIs) are the most
commonly prescribed medication for GERD, with relief
of heartburn that is superior to placebo and H2-
receptor antagonists,1,2 but their efficacy is less for
NERD than erosive esophagitis.1,3 One reason PPIs may
be less effective in patients with NERD is that a propor-
tion of these patients do not have acid reflux but rather
have functional heartburn or symptoms related to non-
acid/weakly acid reflux.

A potential alternative to PPI therapy is a potassium-
competitive acid blocker (PCAB), a new class of anti-
secretory agents that provide more potent inhibition of
gastric acid secretion than PPIs.4 A small observational
study found that 18 of 26 patients (69%) with PPI-
resistant NERD had improvement in symptoms when
changing to the PCAB vonoprazan.5 However, initial
randomized trials in patients with NERD from Japan
failed to show benefit of the PCAB vonoprazan vs placebo
in their primary endpoints.6,7 We therefore performed a
randomized trial of United States (U.S.) patients diag-
nosed with NERD to assess heartburn control with
vonoprazan vs placebo over 4 weeks followed by a 20-
week active-treatment extension period to assess
longer term treatment effect of vonoprazan in patients
with NERD.

Methods

The study was conducted by a clinical research or-
ganization (PPD, Inc) and funded by Phathom Pharma-
ceuticals. The study was approved by the institutional
review boards of the 91 participating centers (see
Supplementary Appendix for list of investigators and
centers). All authors had access to the study data and
reviewed and approved the final manuscript.

Subjects

Subjects �18 years old who had a diagnosis of
symptomatic GERD with heartburn as their predominant
symptom and onset �6 months prior to screening were
eligible if they reported heartburn �4 days during any
consecutive 7-day period during screening and did not
have erosive esophagitis on endoscopy performed during
screening (esophageal biopsies were not performed).
Other key exclusion criteria included H. pylori infection
(subjects underwent H. pylori testing during screening
and were required to be free of antibiotics and bismuth
�4 weeks and of H2-receptor antagonists and PPIs �2
weeks before testing) and Barrett’s esophagus.
Treatment

Eligible subjects were enrolled and randomly
assigned with concealed allocation by site investigators
using an interactive response technology to access a
central randomization sequence generated with SAS
software Version 9.4 (SAS Institute, Inc) by PPD, Inc.
Patients were randomized in a 1:1:1 ratio in the 4-week
placebo-controlled period to vonoprazan 10 mg, vono-
prazan 20 mg, or placebo once-daily in blocks of 6. For
the extension period, those initially given vonoprazan
remained on the same dose, whereas those on placebo
were re-randomized in a 1:1 ratio to vonoprazan 10 mg
or 20 mg once daily in blocks of 4. Randomization was
not stratified. Study therapies had identical appearance
and subjects, providers, and those assessing outcomes
were all blinded to treatment allocation. Subjects also
received rescue antacid (Gelusil, WellSpring Pharma-
ceutical) during the screening and active-treatment
portions of the study to be used as needed by subjects
for heartburn symptoms. Compliance was assessed by
questioning of subjects and counting returned capsules
at site visits. Noncompliance was defined as <80% or
>120% use of study drug.
Study Flow

The study took place at ambulatory locations at 91
sites in the U.S. The screening period prior to randomi-
zation was �5 weeks. Eligible patients then entered the
4-week placebo-controlled period followed by the 20-
week extension period. A 4-week follow-up period fol-
lowed the 24 weeks of study treatment. Subjects
completed an electronic diary for heartburn and use of
rescue antacids twice daily (every morning upon waking

http://ClinicalTrials.gov


What You Need to Know

Background
Proton pump inhibitors are the most commonly
prescribed medication for relief of heartburn in pa-
tients diagnosed with non-erosive reflux disease
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[to record the previous night’s maximum heartburn
severity] and every night before bedtime [to record that
day’s maximum heartburn severity]) throughout the
screening period, placebo-controlled period, extension
period, and follow-up period. Heartburn severity was
graded on a scale of 0 (no heartburn) to 4 (very severe
heartburn).
(NERD). A new class of medication, potassium-
competitive acid blockers, provides more potent
gastric acid inhibition than proton pump inhibitors
and may be an alternative therapy.

Findings
The potassium-competitive acid blocker vonoprazan
reduced heartburn symptoms in subjects diagnosed
with NERD in a 4-week placebo-controlled trial, and
the treatment effect persisted throughout a subse-
quent 20-week extension period.

Implications for patient care
Vonoprazan appears to be an effective therapy for
relief of heartburn in patients diagnosed with NERD.
Endpoints

The primary endpoint was percentage of days without
daytime or nighttime heartburn (24-hour heartburn-free
days) over the 4-week placebo-controlled treatment
period. The secondary endpoint was percentage of days
without rescue antacid use over the placebo-controlled
treatment period. Other exploratory endpoints assessed
during the placebo-controlled period included percentage
of days without daytime and without nighttime heartburn,
mean severity of heartburn, and time to onset of sustained
resolution of heartburn (period of �7 consecutive days
with no heartburn). Exploratory endpoints for the exten-
sion period included percentage of days without heart-
burn, daytime heartburn, or nighttime heartburn;
percentage of days without rescue antacid use; and mean
severity of heartburn. Percentage of days without heart-
burn and without rescue antacid use were also assessed
during the follow-up period.

A diary day was considered heartburn-free if both
morning and evening diary entries were completed and
were heartburn-free and no rescue antacid, H2 receptor
antagonist, or PPI use was reported. For subjects who
discontinued treatment before completing the placebo-
controlled period, percentage of heartburn-free days af-
ter treatment discontinuation was imputed as the per-
centage of heartburn-free days during the screening
period. For subjects with less than 4 days with diary
entries during the placebo-controlled period, percentage
of heartburn-free days was imputed as the percentage of
heartburn-free days during the screening period.
Statistical Analysis

A sample size of 250 subjects per treatment group
provided >90% power at the 0.05 2-sided level of sig-
nificance using a 2-sample t-test assuming efficacy of
50% for a vonoprazan dose in the percentage of days
without daytime or nighttime heartburn over the 4-week
placebo-controlled treatment period and a difference of
20% between a vonoprazan dose and placebo with a
common standard deviation of 35% (based on U.S.
placebo-controlled studies of PPIs8–11).

Efficacy analyses for the placebo-controlled and
extension periods were conducted on the intent-to-treat
population, defined as all subjects randomized into that
period who received at least 1 dose of study drug,
categorized based on study drug assignment. Safety an-
alyses were conducted on randomized subjects who
received at least 1 dose of study drug, categorized based
on the medication they actually received.

Primary and secondary endpoints were assessed us-
ing a fixed-sequence testing procedure. Comparisons
were 2-sided and performed at the a ¼ 0.05 level in the
prespecified order until a test was not significant. The
prespecified order was: (1) vonoprazan 20 mg vs pla-
cebo for percentage of days without heartburn; (2)
vonoprazan 10 mg vs placebo for percentage of days
without heartburn; (3) vonoprazan 20 mg vs placebo for
percentage of days without rescue antacid use; and (4)
vonoprazan 10 mg vs placebo for percentage of days
without rescue antacid use.

Each vonoprazan treatment group was compared with
placebo using a general linear model, with treatment
group as factor and severity and frequency of heartburn at
baseline as covariates, with the least squares mean dif-
ference presented. A sensitivity analysis for the primary
endpoint was also performed in which all days with
missing diary entries were imputed as a day with heart-
burn. Subgroup analyses of the primary endpoint were
performed for age (<45, �45 to <65, �65 years), sex,
body mass index (<25, �25 to <30, �30 kg/m2), mean
severity of baseline heartburn (0, >0 to �1, >1 to �2,>2
to �3, >3 to 4), and baseline frequency of heartburn (0 to
3, 4 to 5, 6 to 7 days/week); post hoc analysis based on
response to prior PPIs also was performed. Time to sus-
tained resolution was estimated using the Kaplan-Meier
method, and comparisons between vonoprazan and pla-
cebo were performed using the log-rank test.

Results

From February 2022 to October 2022, 776 subjects
were randomized in the placebo-controlled phase; 739



Figure 1. Flow diagram showing progression of patients through study.
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completed this phase, and 728 were randomized into the
extension phase (Figure 1).

Four-week Placebo-controlled Period

Baseline characteristics are shown in Table 1. Non-
compliance was found in 12 of 258 (4.7%), 11 of 257
(4.3%), and 8 of 257 (3.1%) of the placebo, vonoprazan
10 mg, and vonoprazan 20 mg groups, respectively. Re-
sults for the primary endpoint showed that the per-
centage of 24-hour heartburn-free days was 27.7% for
placebo vs 44.8% for vonoprazan 10 mg (least squares
mean difference, 17.1%; P < .0001) and 44.4% for
vonoprazan 20 mg (least squares mean difference,
16.7%; P < .0001) (Table 2). Median percentages of 24-
hour heartburn-free days were 16.7% (interquartile
range [IQR], 0.0%–46.2%) for placebo, 48.1% (IQR,
3.7%–78.6%) for vonoprazan 10 mg, and 46.4% (IQR,
3.6%–82.1%) for vonoprazan 20 mg. A sensitivity anal-
ysis with all days with missing diary entries imputed as a
day with heartburn showed differences similar to the
primary analysis for vonoprazan vs placebo: 17.4% for
vonoprazan 10 mg and 16.7% for vonoprazan 20 mg
(P < .0001 for both comparisons).

The percentage of subjects without heartburn on each
day of the last 7 days of the screening period and the
placebo-controlled period is shown in Figure 2: the
separation in percentage of patients with 24-hour
heartburn-free days between vonoprazan and placebo
appears to begin on the first day of therapy, with dif-
ferences on day 1 of 8.3% and 11.6% for vonoprazan 10
mg and 20 mg vs placebo and differences on day 2 of
18.1% and 23.2%, respectively.

Results for the secondary efficacy endpoint of per-
centage of days without rescue antacid revealed signifi-
cant differences for both vonoprazan doses vs placebo:
vonoprazan 10 mg, 15.8% and vonoprazan 20 mg, 13.7%
(P < .0001 for both) (Table 2). Differences between
mean and median for primary and secondary endpoints
are due to the non-normal distribution of these end-
points in each of the 3 study arms (Shapiro-Wilk test P <
.0001).

The time to sustained resolution of heartburn
occurred sooner in each vonoprazan group compared



Table 1. Selected Baseline Characteristics of Treatment Groups in Placebo-controlled Period

Placebo
(n ¼ 258)

Vonoprazan 10 mg
(n ¼ 257)

Vonoprazan 20 mg
(n ¼ 257)

Age, years 51.5 (14.7) 51.0 (14.0) 50.4 (14.4)

Female sex 179 (69.4) 182 (70.8) 166 (64.6)

Race
White 205 (79.5) 186 (72.4) 185 (72.0)
Black 33 (12.8) 38 (14.8) 52 (20.2)
Asian 12 (4.7) 22 (8.6) 11 (4.3)
Other/unknown 8 (3.1) 11 (4.3) 9 (3.5)

Latin ethnicity 77 (29.8) 87 (33.9) 80 (31.1)

BMI, kg/m2 30.4 (6.9) 30.5 (6.5) 29.9 (6.7)

Current smoker 35 (13.6) 29 (11.3) 34 (13.2)

Any alcohol use 133 (51.6) 136 (52.9) 135 (52.5)

Prior PPI 164 (63.6%) 182 (70.8%) 162 (63.0%)

Heartburn severity score (0–4)a 1.4 (0.8) 1.4 (0.8) 1.4 (0.9)

Days without heartburn in screening period, %a 11.9 (15.8) 11.4 (17.6) 13.6 (17.3)

Note: Data are presented as number (%) or mean (standard deviation).
BMI, Body mass index; PPI, proton pump inhibitor.
aBaseline heartburn frequency and severity based on diary entries from the 7 days before randomization. Mean heartburn severity score incorporates all days
within the 7-day period, including days with a score of zero (no heartburn).
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with placebo (P < .0001 for both) (Supplementary
Figure 1). As compared with placebo, both doses of
vonoprazan had more days without daytime heartburn
(least squares mean difference for vonoprazan 10 mg,
14.4% and vonoprazan 20 mg, 14.8%; P < .0001 for
both) and nighttime heartburn (least squares mean dif-
ference for vonoprazan 10 mg, 16.5% and vonoprazan
20 mg, 13.1%; P < .0001 for both) as well as reduced
severity of heartburn (Table 2). The magnitude of the
treatment effect favoring vonoprazan vs placebo was
generally comparable across all subgroup analyses
(Supplementary Figure 2), although the magnitude of
this treatment effect was possibly lower in the small
number of patients (vonoprazan 10 mg, n ¼ 9; vono-
prazan 20 mg, n ¼ 9; placebo, n ¼ 13) with baseline
mean heartburn severity >3 to 4. Post hoc analysis of
subjects with prior PPI use based on response vs no
response to PPIs showed a possible trend to fewer (7%–
9%) 24-hour heartburn-free days with vonoprazan in
those without prior PPI response (Supplementary
Table 1).

Adverse events are shown in Supplementary
Table 2. Overall adverse events were somewhat
higher in the vonoprazan groups, with 1 clearcut
imbalance noted on review of individual events being
nausea: placebo, 0.4%; vonoprazan 10 mg, 2.3%; and
vonoprazan 20 mg, 3.1%. Serious adverse events
occurred in no placebo patients, 1 vonoprazan 10 mg
patient (viral pericarditis) and 2 vonoprazan 20 mg
patients (salivary calculus, bone fracture)—all
considered unrelated to study treatment by site in-
vestigators. Adverse events leading to study discon-
tinuation occurred in 5 (2.0%), 3 (1.2%), and 6 (2.3%)
patients, respectively. Serum gastrin increased by a
median of 0 ng/L (range, �559 to 1681), 65.5 ng/L
(�426 to 849), and 116 ng/L (�656 to 1466) with
placebo, vonoprazan 10 mg, and vonoprazan 20 mg.

Extension and Follow-up Period

Baseline characteristics of subjects in the extension
period are shown in Supplementary Table 3. Non-
compliance was found in 7 of 119 patients (5.9%) re-
randomized from placebo to vonoprazan 10 mg, 5 of
122 (4.1%) patients re-randomized from placebo to
vonoprazan 20 mg, 14 of 247 patients (5.7%) remaining
on vonoprazan 10 mg, and 10 of 235 patients (4.3%)
remaining on vonoprazan 20 mg.

Mean and median percentages of days without
heartburn over the extension period were similar in the
4 groups: placebo re-randomized to vonoprazan 10 mg
(61.9%/78.3%) or 20 mg (62.9%/76.2%) and remaining
on vonoprazan 10 mg (62.6%/77.7%) and 20 mg
(60.7%/79.4%) (Table 3). Figure 3 shows those re-
randomized from placebo to vonoprazan very rapidly
reached proportions of 24-hour heartburn-free days
comparable to those who continued on vonoprazan after
the 4-week placebo-controlled period. Other exploratory
efficacy endpoints also showed very similar results
across the 4 groups (Table 3). Adverse events are shown
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in Supplementary Table 4; all serious adverse events
were considered unrelated to study treatment by site
investigators. Nausea occurred in 4 of 366 subjects
(1.1%) on vonoprazan 10 mg and 6 of 357 subjects
(1.7%) on vonoprazan 20 mg during the extension
period.

The mean and median percentage of days without
heartburn during the follow-up period off treatment
decreased but was similar among the 4 groups: placebo
to vonoprazan 10 mg (44.0%/39.3%), placebo to vono-
prazan 20 mg (44.2%/41.1%), vonoprazan 10 mg to 10
mg (46.7%/46.7%), vonoprazan 20 mg to 20 mg
(44.4%/42.3%); mean and median percentage of days
without rescue antacid also decreased to similar levels in
the 4 groups: 60.1%/69.8%, 59.3%/62.5%, 59.6%/
70.6%, and 57.7%/60.6%.

The mean serum gastrin at baseline of the placebo-
controlled period was 54.6 ng/L. At the beginning of
the extension period, gastrin levels were lower in
those re-randomized from placebo than in those
continuing vonoprazan, but by the end of the extension
period, the levels were similar whether patients had
been on placebo or vonoprazan prior to the extension
period—with levels higher in those receiving vono-
prazan 20 mg (Supplementary Table 5). Four weeks
after discontinuation of vonoprazan, mean serum
gastrin dropped to a mean of 66.2 ng/L, with similar
levels in all 4 groups.
Discussion

Our 4-week double-blind randomized comparison
showed that the mean percentage of 24-hour
heartburn-free days was 17% greater with vonopra-
zan than with placebo in subjects diagnosed with
NERD. Similar differences were seen in both daytime
and nighttime heartburn, as well as in the need for
rescue antacid. This separation appeared to begin very
rapidly: w10% difference between the vonoprazan and
placebo groups in the percentage with a 24-hour
heartburn-free day was seen after the first dose of
study medication and w20% difference occurred after
the second dose.

The long-term portion of our study showed that the
treatment effect of vonoprazan persisted over 6
months without evidence of a reduction in heartburn-
free days. Although an increase in mean and median
percentage of 24-hour heartburn free days occurred
through the 20-week extension after the 4-week
placebo-controlled period, caution needs to be exer-
cised in interpreting these results: lack of a placebo
group potentially may influence the patient-reported
outcome of heartburn.

Scant evidence is available from prior prospective
trials regarding the benefit of daily antisecretory
therapy when used over longer periods in patients with
NERD. The only such studies assessing PPI efficacy for



Figure 2. Percentage of subjects without heartburn on each day of the last week of the screening period and the placebo-
controlled period.
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6 months have been done in a selected population of
patients with NERD who had all achieved symptomatic
response prior to entry, and studies generally assessed
outcomes such as willingness to continue, acceptable
symptom control, and satisfaction—but not heartburn-
free days.12–14

We found that efficacy was similar between the
higher and lower doses of vonoprazan. This is not sur-
prising given that most PPI studies also suggest no in-
crease in efficacy with higher vs lower doses in achieving
symptomatic relief in patients with NERD.15,16 Previous
4-week randomized trials also have provided the per-
centages of heartburn-free 12 or 24-hour periods for
PPIs vs placebo,8–11,17,18 with differences in means
ranging from 12% to 32%,9,18 and differences in medians
up to 36% reported.11 We found least squares mean
differences of 17% and differences in medians of 30% to
31% in 24-hour heartburn-free days between vonopra-
zan and placebo.

Two previous 4-week double-blind randomized tri-
als from Japan compared vonoprazan with placebo in
patients with NERD. The first randomly assigned 827
patients to placebo, vonoprazan 10 mg, or vonoprazan
20 mg.6 The median proportion of days without
heartburn was extremely low in all groups, without
significant difference between placebo (7.4%) and
vonoprazan 10 mg (10.3%) or 20 mg (12.0%). This
study included a 1-week run-in period, and partici-
pants were required to have �2 days of moderate or
higher severity heartburn in this week while taking
antacid therapy �75% of the week. By excluding
patients responsive to antacids, the study population
was presumably enriched in patients without acid-
related reflux symptoms, explaining the very poor re-
sults in all study groups. The second trial randomly
assigned 483 patients to placebo vs vonoprazan 10 mg:
the median proportion of days without heartburn was
61.5% vs 72.3% (P ¼ .06), and the cumulative
improvement in heartburn over 4 weeks was higher
with vonoprazan (P ¼ .0003, log-rank test).7

Our exploratory endpoint of mean heartburn severity
score incorporates heartburn severity on all days,
including days without heartburn (score ¼ 0) and thus is
a function of both severity and frequency of heartburn.
We did not evaluate the minimal clinically important
difference for heartburn severity in our study, which
employed a 5-point severity scale, nor has it been
defined for a 5-point scale in other NERD studies to the
best of our knowledge. Junghard and Wiklund reported
clinically relevant mean changes in heartburn severity
were 0.35 for a 7-point scale and 0.29 for a 4-point
scale.19

One subgroup in whom the magnitude of the
treatment effect favoring vonoprazan vs placebo may
have been less was subjects with the highest heartburn
severity scores. Notably, this group was very small,
and the confidence intervals around the estimates are
wide, preventing us from drawing firm conclusions
regarding this finding. It is conceivable this group
included a higher proportion of subjects with func-
tional heartburn, a condition that is generally not
responsive to acid inhibition. As mentioned, our
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severity score is a function of frequency and severity,
so this subgroup had frequent, severe heartburn. Pa-
tients with functional heartburn have been reported to
have more frequent (but not more severe)
symptoms.20–23 Post hoc analysis raised the possibility
that patients who previously had not responded to
PPIs may have a somewhat lower response to vono-
prazan. This is not unexpected, given that patients not
responding to PPIs are less likely to have heartburn
due to acid reflux.

As previously shown with both PPIs and PCABs,
serum gastrin was increased with 4 weeks of therapy
and increased somewhat further over an additional 20
weeks of treatment. The serum gastrin levels returned
to near baseline by 4 weeks after discontinuation. The
duration of our study was too short to adequately
evaluate long-term risks of PCABs. Although no clear
signals have been identified at present, whether the
potent acid inhibition and increased levels of gastrin
seen with PCABs induce relevant histological or clinical
effects with long-term administration requires further
study.

A limitation of our study, and most prior studies of
NERD, is that subjects enrolled likely include individuals
for whom acid reflux is not a cause of their symptoms
(eg, patients with functional heartburn, patients with
symptoms related to weakly acid/non-acid reflux. When
NERD is defined as requiring both negative endoscopy
and positive pH monitoring, relief of heartburn is re-
ported to be higher than in those defined by negative
endoscopy alone.24,25 However, we sought to simulate
standard clinical practice, in which the great majority of
patients with heartburn do not undergo ambulatory
reflux monitoring. Nevertheless, further evaluation of
PCABs in patients with NERD with positive reflux testing
and in symptomatic patients without endoscopic or
reflux testing will be useful to define their potential role
in the management of patients with GERD-like
symptoms.

Strengths of our study include the double-blind ran-
domized design, the subsequent 20-week active-
treatment extension for all patients enrolled rather
than just those with response to initial therapy, and the
high proportions of Black (16%) and Latino (32%)
subjects enrolled, improving the generalizability of the
study for a U.S. population.
Conclusion

In conclusion, the PCAB vonoprazan was efficacious
in reducing heartburn symptoms in patients with
NERD, with the benefit appearing to begin as early as
the first day of therapy. This treatment effect persisted
after the initial 4-week placebo-controlled period
throughout the 20-week extension period. The two
vonoprazan doses (10 mg and 20 mg) were similar in
efficacy.



Figure 3. Percentage of subjects without heartburn on each day of the placebo-controlled period and extension period.
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Supplementary Appendix 1. List of Investigators

Principal investigator Site location

Ahmad, Adnan, DO Susquehanna Research Group
Harrisburg, Pennsylvania

Akerkar, Geetanjali, MD Digestive Health Specialists PC
Chelmsford, Massachusetts

Alhalel, Ralph, MD Rio Grande Gastroenterology
McAllen, Texas

Baber, John Tyler, MD Preferred Research Partners, Inc.
Little Rock, Arkansas

Barnett, Kyle, R., MD Advanced Research Institute
Sandy, Utah

Bekal, Pradeep, MD Gastro Health Research
Cincinnati, Ohio

Blank, Stephen, C., MD WR- Mount Vernon Clinical Research, LLC
Sandy Springs, Georgia

Bowman, William, Kelly, MD Sensible Healthcare LLC
Ocoee, Florida

Brown, Colin, MD Allied Health Clinical Research Organization, LLC
Freehold, New Jersey

Bullock, Jeff, S., MD Southern Star Research Institute, LLC
San Antonio, Texas

Call, Robert, S., MD Clinical Research Partners, LLC
Richmond, Virginia

Carter, Michael F, MD Medical Affiliated Research Center
Huntsville, Alabama

Challa, Shekhar, MD Kansas Medical Clinic
Topeka, Kansas

Chang, Margaret, MD Velocity Clinical Research, New Smyrna Beach
Edgewater, Florida

Clark, Larry, E., Jr., MD Blue Ridge Medical Research
Lynchburg, Virginia

Coates, Allan, DO Gastroenterology Associates of Western Michigan, PLC, d.b.a.
West Michigan Clinical Research Center
Wyoming, Michigan

Cordasco, Edward, M., Jr., DO, FCCP Remington-Davis, Inc.
Columbus, Ohio

Crespin, Jeffrey, MD, MBA Care Access
New York, New York

Deeb, Fadi, MD Del Sol Research Management, LLC.
Tucson, Arizona

Dodda, Amar, MD Texas Gastro Consultants
Tomball, Texas

Doshi, Ankur, MD PrimeCare Medical Group
Houston, Texas

Dunn, Clarence, B., Jr., MD Clinical Trials of America, LLC
West Monroe, Louisiana

Dunn, Michael, J., MD, FACP Quality Clinical Research, Inc
Omaha, Nebraska

Edwards, Christopher Eugene, MD North Alabama Research Center, LLC
Athens, Alabama
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Continued

Principal investigator Site location

Epstein, Michael, S., MD Investigative Clinical Research, LLC
Annapolis, Maryland

Eweje, Peter, MD East Carolina Gastroenterology, PA
Jacksonville, North Carolina

Ezzeddine, Tarek, MD Prospective Research Innovations Inc.
Rancho Cucamonga, California

Fern, Steven, E., DO Clinical Research Professionals
Chesterfield, Missouri

Feuerstadt, Paul, MD Medical Research Center of Connecticut, LLC
Hamden, Connecticut

Foltz, Cainan, MD Medical Associates Research Group
San Diego, California

Friedenberg, Keith, MD Great Lakes Medical Research, LLC
Mentor, Ohio

Gerdis, Michael, MD Drug Trials America
Hartsdale, New York

Goff, John, S., MD Western States Clinical Research, Inc.
Wheat Ridge, Colorado

Goldklang, Robert, MD BG Clinical Research
Encinitas, California

Goodwin, Johnathan, D., MD Arkansas Gastroenterology
North Little Rock, Arkansas

Grosman, Igor, DO NY Scientific
Brooklyn, New York

Gutierrez Stone, Jesus, MD Gutierrez Medical Center, LLC
Orlando, Florida

Habashi, Samir, MD Digestive Disease Consultants
Orange Park, Florida

Hendrix, Paul, Michael, MD Grand Teton Research Group, PLLC
Idaho Falls, Idaho

Iyer, Rajalakshmi V., MD Iowa Digestive Disease Center, P.C.
Clive, Iowa

Jamal, Mohammad, Mazen, MD Kindred Medical Institute for Clinical Trials, LLC
Corona, California

Jarrett, Thomas Edward, MD Peters Medical Research, LLC
High Point, North Carolina

Jenkins, Lemuel, MD Clinical Trials Management, LLC
Covington, Louisiana

Kaplan, Robert, P., DO Office of Robert P. Kaplan, DO
Las Vegas, Nevada

Kim, Suzy, MD Gastroenterology Associates, PA of Greenville
Greenville, South Carolina

Levenson, Scott, MD Digestive Care Associates
San Carlos, California

Lillestol, Michael, J., MD Lillestol Research LLC
Fargo, North Dakota

Lillo, Joseph Leonard, DO, FNLA, FAPCR, CPI Elite Clinical Studies, LLC
Phoenix, Arizona

Lopez, Luis, J., MD Guardian Angel Research Center, Inc.
Tampa, Florida
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Continued

Principal investigator Site location

Lowe, John Earl, MD Advanced Research Institute
Ogden, Utah

Lynch, Kristle, MD University of Pennsylvania – Perelman Center for Advanced Medicine
Philadelphia, Pennsylvania

Maher, James Arthur Jr., MD Biopharma Informatic, LLC
Houston, Texas

Mai, Kelvin, DO Paragon Rx Clinical
Santa Ana, California

Martinez, Cuper, MD Kalo Clinical Research
Salt Lake City, Utah

Martinez, Nicholas, MD Gastroenterology Research of San Antonio
San Antonio, Texas

Mathur, Siddharth, MD Nature Coast Clinical Research
Inverness, Florida

Matian, Arash, David, DO Alliance Research Institute
Canoga Park, California

Melvin, Eric, J., MD Clinical Trials of America, LLC
Mount Airy, North Carolina

Misra, Bharat K., MD ENCORE Borland-Groover Clinical Research
Jacksonville, Florida

Mitlyng, Benjamin, MD MNGI Digestive Health, PA
Minneapolis, Minnesota

Morin, Robert P. Jr., MD Quality Research Inc.
San Antonio, Texas

Nadir, Adnan, MD Digestive Health Associates of Texas, PA
Carrollton, Texas

Newton, Eric, B., MD Velocity Clinical Research – Providence
East Greenwich, Rhode Island

Nguyen, Hoa, MD Paragon Rx Clinical, Inc.
Garden Grove, California

Noel, Jacque III, MD Combined Gastro Research, LLC
Lafayette, Louisiana

Olivera, Esteban, MD ClinCloud, LLC
Maitland, Florida

Patel, Dhyanesh, MD Vanderbilt Digestive Disease Center
Nashville, Tennessee

Patel, Shashank, C., MD In-Quest Medical Research, LLC
Suwanee, Georgia

Perez, Nolan, E. MD Gastroenterology Consultants of South Texas
Brownsville, Texas

Perez, Pablo, E., MD Southeast Clinical Research Center
Dalton, Georgia

Pointer, Stephanie, D., MD Quality Medical Research
Nashville, Tennessee

Pratha, Vijayalakshmi, S.V., MD Clinical Applications Laboratories, Inc
San Diego, California

Pruthi, Jatinder S., MD, FACG, CPI Om Research LLC
Lancaster, California
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Principal investigator Site location

Raikhel, Marina, MD, FAAFP Torrance Clinical Research Institute, Inc
Lomita, California

Rausher, David, B., MD Atlanta Center for Gastroenterology, P.C.
Decatur, Georgia

Reiss, Gary, MD, MBA Tandem Clinical Research GI, LLC
Marerro, Louisiana

Ritter, Timothy, MD GI Alliance
Southlake, Texas

Rubin, Kenneth, MD Allied Health Clinical Research Organization, LLC
Englewood, New Jersey

Ruthardt, Frederick William, MD Frontier Clinical Research, LLC
Uniontown, Pennsylvania

Sarles, Harry, E., Jr., MD GI Alliance
Garland, Texas

Sauer, Mariam Shahbazian, MD Trial Management Associates, LLC
Wilmington, North Carolina

Schmitt, Colleen, M., MD Galen Medical Group - Galen Digestive Health
Hixon, Tennessee

Schneider, Jeffrey H., MD Precision Clinical Research
Sunrise, Florida

Sedghi, Shahriar, MD Gastroenterology Associates of Central GA, LLC
Macon, Georgia

Shaheen, Nicholas, James, MD, MPH University of North Carolina at Chapel Hill, SOM
Chapel Hill, North Carolina

Sharma, Vishvinder, MD Sierra Clinical Research
Las Vegas, Nevada

Sharp, Stephan C., MD Clinical Research Associates, Inc.
Nashville, Tennessee

Siegel, Jonathan, MD, FACG East View Medical Research, LLC
Mobile, Alabama

Stewart, Jeffrey, MD Family Medicine Associates of Texas
Carrollton, Texas

Tabbaa, Mousab, MD Northshore Gastroenterology Research, LLC
Westlake, Ohio

Talreja, Neetu, MD Treasure Valley Medical Research
Boise, Idaho

Taunk, Jawahar L., MD Advanced Gastroenterology Associates, LLC
Palm Harbor, Florida

Vagujhelyi, George, MD Advanced Research Institute
Reno, Nevada

Vukotic, Goga, MD Atlanta Center for Clinical Research/Internal Medicine
Roswell, Georgia

Warner, Gordon Scott, MD Cullman Research Center, LLC
Cullman, Alabama

Waters, Michael, MD eStudySite
Chula Vista, California

Wiener, Gregory, J., MD GW Research, Inc.
Chula Vista, California
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Principal investigator Site location

Wilson, Jason, A., MD Charlotte Gastroenterology & Hepatology, PLLC
Charlotte, North Carolina

Wohlman, Robert, MD Washington Gastroenterology, PLLC
Bellevue, Washington

Woods, Strick, MD Gastroenterology Associates of Fairfield County, P.C.
Bridgeport, Connecticut

Younes, Ziad, MD Gastro One
Cordova, Tennessee

Young, Douglas, MD Northern California Research
Sacramento, California

Yusufzai, Irfanullah, MD Sherman Clinical Research
Sherman, Texas

Zakko, Salam, MD Connecticut Clinical Research Institute
Bristol, Connecticut

Zimmerman, Michael S., MD Office of Michael Zimmerman, MD
Las Vegas, Nevada

Zuckerman, Marc, MD Texas Tech Physicians of El Paso
El Paso, Texas
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Supplementary Figure 1. Kaplan-Meier curve of time to sustained resolution of heartburn in placebo-controlled period.
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Supplementary Figure 2. Sugroup analyses of percentage of days without heartburn over the placebo-controlled period.a CI,
Confidence interval. aBaseline heartburn severity and frequency categories of 0 reflect 8 subjects who had no heartburn in the
7 days prior to randomization but did report heartburn �4 days during a consecutive 7-day period earlier in the screening
period.
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Supplementary Table 1. Twenty-four Hour Heartburn-free Days in Subjects With Prior PPI Use Related to their Prior
Symptomatic Response to PPI

Placebo LS mean,
95% CI (N)

Vonoprazan
10 mg LS mean, 95% CI (N)

Vonoprazan
20 mg LS mean, 95% CI (N)

Prior PPI use, % 25.7, 20.8-30.5 (n ¼ 163a) 44.9, 40.3-49.5 (n ¼ 181) 47.3, 42.4-52.2 (n ¼ 162)

PPI response, % 25.8, 20.0-31.7 (n ¼ 114) 48.2, 42.4-54.1 (n ¼ 112) 49.7, 43.7-55.8 (N-107)

No PPI response, % 26.0, 17.0-34.9 (n ¼ 48) 39.2, 31.7-46.6 (n ¼ 69) 42.5, 34.2-50.9 (n ¼ 55)

CI, Confidence interval; LS, least squares; PPI, proton pump inhibitor.
aOne placebo subject with prior PPI use did not have data on response to PPI.

Supplementary Table 2. Adverse Events in the Placebo-controlled Period

Placebo
(n ¼ 256) n (%)

Vonoprazan
10 mg (n ¼ 259) n (%)

Vonoprazan
20 mg (n ¼ 257) n (%)

Any adverse event 41 (16.0) 56 (21.6) 67 (26.1)

Serious adverse event 0 1 (0.4) 2 (0.8)

Adverse event leading to treatment discontinuation 5 (2.0) 3 (1.2) 6 (2.3)

COVID-19 2 (0.8) 3 (1.2) 4 (1.6)

Bone fracture 0 0 1 (0.4)

C. difficile 0 0 0

Alanine aminotransferase >3� upper limit of normal 0 2 (0.8) 1 (0.4%)
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Supplementary Table 3. Selected Baseline Characteristics of Treatment Groups in Extension Period

Placebo to
vonoprazan

10 mg (n ¼ 119)

Placebo to
vonoprazan

20 mg (n ¼ 122)

Vonoprazan
10 mg to 10 mg

(n ¼ 247)

Vonoprazan
20 mg to

20 mg (n ¼ 235)

Age, years 50.6 (15.3) 52.2 (14.2) 50.9 (14.0) 50.4 (14.3)

Female sex 85 (71.4) 82 (67.2) 175 (70.9) 151 (64.3)

Race
White 94 (79.0) 98 (80.3) 180 (72.9) 169 (71.9)
Black 12 (10.1) 17 (13.9) 38 (15.4) 46 (19.6)
Asian 6 (5.0) 6 (4.9) 18 (7.3) 11 (4.7)
Other/unknown 7 (5.9) 1 (0.8) 11 (4.5) 9 (3.8)

Latin ethnicity 40 (33.6) 30 (24.6) 83 (33.6) 69 (29.4)

BMI, kg/m2 30.5 (7.8) 30.6 (6.1) 30.5 (6.5) 29.8 (6.7)

Current smoker, % 16 (13.4) 18 (14.8) 27 (10.9) 27 (11.5)

Any alcohol use, % 60 (50.4) 63 (51.6) 129 (52.2) 122 (51.9)

Heartburn severity score (0–4)a 1.4 (0.9) 1.3 (0.8) 1.4 (0.8) 1.4 (0.9)

Days without heartburn in screening period, %a 11.4 (15.6) 12.3 (15.6) 11.7 (17.8) 13.5 (17.1)

Note: Data are presented as number (%) or mean (standard deviation).
BMI, Body mass index.
aBaseline heartburn frequency and severity based on diary entries from the 7 days before randomization.

Supplementary Table 4. Adverse Events in Extension Period

Placebo to
vonoprazan 10 mg
(n ¼ 118) n (%)

Placebo to
vonoprazan

20 mg
(n ¼ 121) n (%)

Vonoprazan
10 mg to
10 mg

(n ¼ 248) n (%)

Vonoprazan
20 mg to 20 mg
(n ¼ 236) n (%)

Any adverse event 37 (31.4) 40 (33.1) 83 (33.5) 80 (33.9)

Serious adverse event 2 (1.7) 4 (3.3) 7 (2.8) 3 (1.3)

Adverse event leading to
treatment discontinuation

2 (1.7) 3 (2.5) 2 (0.8) 4 (1.7)

COVID-19 12 (10.2%) 3 (2.5%) 11 (4.4%) 20 (8.5%)

Bone fracture 0 2 (1.7) 4 (1.6) 0

C. difficile 0 0 0 0

Alanine aminotransferase >3� upper limit of normal 0 0 3 (1.2) 0
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Supplementary Table 5. Serum Gastrin Levels Throughout Study From Baseline to End of 4-week Follow-up Period

Placebo to
vonoprazan 10 mg

Placebo to
vonoprazan 20 mg

Vonoprazan
10 mg to 10 mg

Vonoprazan
20 mg to 20 mg

Baseline, placebo-controlled period, ng/L 43.9 (87.6) 58.9 (117.8) 50.4 (116.7) 43.7 (115.9)
(n ¼ 114) (n ¼ 113) (n ¼ 230) (n ¼ 219)

Baseline, extension period, ng/L 36.1 (84.6) 61.8 (247.4) 156.8 (177.8) 211.5 (250.8)
(n ¼ 118) (n ¼ 120) (n ¼ 247) (n ¼ 235)

End of extension period, ng/L 199.5 (290.3) 257.4 (274.7) 218.9 (306.1) 296.7 (271.6)
(n ¼ 97) (n ¼ 95) (n ¼ 203) (n ¼ 196)

End of follow-up period, ng/L 65.6 (170.5) 63.3 (129.0) 65.9 (114.5) 68.3 (141.9)
(n ¼ 101) (n ¼ 96) (n ¼ 205) (n ¼ 199)

Data are presented as mean (standard deviation).
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