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Abstract
Background: Delayed gastric emptying is the leading cause of enteral feeding intolerance (EFI) in critical illness. This phase 2a
study compared TAK-954, a selective agonist of 5-hydroxytryptamine type 4 receptors, withmetoclopramide in critically ill patients
with EFI (NCT01953081).Methods: A blinded, double-dummy trial was conducted in mechanically ventilated patients with EFI
(>200 mL gastric residual volume within 24 hours before randomization). Patients were randomized to receive either 0.5 mg
intravenous TAK-954 over 1 hour then 0.9% saline injection 4 times/d (sham metoclopramide) or the active comparator 10 mg
intravenous metoclopramide 4 times/d and a 1-hour 0.9% saline infusion. After initial dosing, participants received a radiolabeled
meal of liquid nutrient (Ensure; 106 kcal), and gastric emptying was measured (scintigraphy). Adverse events (AEs) were recorded
from the time of consent through to day 5; serious AEs were collected to day 30. Results: Thirteen patients (TAK-954, n = 7;
metoclopramide, n = 6) participated. Five patients in the TAK-954 group and 4 in the metoclopramide group experienced AEs
(2 and 3, respectively, were serious). All AEs except 1 (diarrhea in the metoclopramide group) were considered unrelated to study
drug. Following treatment, a greater proportion of patients receiving TAK-954 had normal gastric retention (<13% retention at
180minutes) than those receivingmetoclopramide (6/7 vs 3/6 patients, respectively).Conclusion:A single dose of 0.5mg intravenous
TAK-954 appears to have at least similar efficacy in accelerating gastric emptying to multiple doses of 10 mg metoclopramide and
was not associated with increased AEs. (JPEN J Parenter Enteral Nutr. 2021;45:115–124)
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Introduction

Gastrointestinal motility is frequently decreased in critically
ill patients receiving enteral nutrition.1,2 Delayed gastric
emptying is the leading cause of enteral feeding intolerance
(EFI), which occurs in up to 30% of critically ill patients,
compromises nutrition status, and is associated with in-
creasedmorbidity andmortality.3,4 EFI is usually defined by
a large gastric residual volume (GRV). The treatment of EFI
usually involves administration of a prokinetic drug, the
most frequently prescribed agent being metoclopramide.4-7

However, metoclopramide has an adverse event (AE) profile
such that there is a need for alternative agents.1,8

The nonselective serotonin (5-hydroxytryptamine) type
4 (5-HT4) receptor agonist cisapride was previously used
as an effective gastrointestinal prokinetic drug to accel-
erate gastric emptying and reduce EFI in critically ill
patients.9-12 However, cisapride was withdrawn from the
market because of the potential for serious cardiovascular
events.1 In contrast to nonselective agonists, highly selective

5-HT4 receptor agonists, such as TAK-954 (previously TD-
8954), appear to have an improved safety profile with respect
to the risk of cardiac arrhythmias.13,14 However, none of
these agents have been tested in critically ill individuals.

Themajor objectives of this phase 2a study in critically ill
patients with EFI included an evaluation of the safety and
tolerability of a single dose of TAK-954, gastric emptying
after a single dose of TAK-954 when compared with mul-
tiple doses of metoclopramide, and the pharmacokinetics
of TAK-954. An additional objective included assessment
of the efficacy of a single dose of TAK-954 on upper
gastrointestinal motility as measured by GRV.

Methods

This was a single-center, double-blind, double-dummy,
phase 2a, randomized controlled trial. The study proto-
col was developed by collaboration between independent
investigators (MJC, KLJ, and AMD) and the sponsor,
Theravance Biopharma US, Inc. The study was conducted
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by the investigators, who had access to all data. The protocol
was approved by the Human Research Ethics Committee
of the Royal Adelaide Hospital, and prior written informed
consent was obtained from each patient’s surrogate decision
maker.

The sponsor was responsible for the Safety Data Review
Committee, which comprised the sponsor clinical study
director, medical monitor, a scientist with expertise in
pharmacokinetics, a professional biostatistician, and an
independent external clinician experienced in the safety
data review of critically ill patients. The sponsor was also
responsible for registering the trial with ClinicalTrials.gov
(NCT01953081).

Study Participants

Patients were eligible for inclusion in the study if they were
aged �18 years and �85 years, invasively mechanically ven-
tilated and anticipated to remain on mechanical ventilation
for at least 2 days after enrollment, and had developed EFI
(defined as a GRV �200 mL) during the delivery of enteral
nutrition3 within the 24 hours before randomization. Pa-
tients were selected for enrollment with the expectation that
they would be alive for at least 4 days after randomization,
be able to complete all study procedures, and, if receiving
vasopressors at the time of randomization, be on stable or
decreasing doses.15,16

Patients were excluded from the study if they had un-
dergone esophageal or gastric surgery or had experienced
traumatic injury to the gastrointestinal tract resulting in this

admission; had a known history of diabetic or idiopathic
gastroparesis17; had a blood glucose level >15 mmol/L at
screening18; were admitted because of a drug overdose; had
received any investigational agent or had used an investi-
gational medical device within 30 days of screening; had
a hypersensitivity or contraindication to metoclopramide;
had received a serotonin-specific reuptake inhibitor, anti-
cholinergic, or acetylcholinesterase inhibitor drug within
the previous 72 hours; had impaired renal function (es-
timated creatinine clearance rate <30 mL/min using the
Cockcroft–Gault formula) unless receiving intermittent or
continuous dialysis at the time of randomization; had a
serum bilirubin or alkaline phosphatase concentration over
twice the upper limit of normal or a serum alanine amino-
transferase or aspartate aminotransferase level over three
times the upper limit of normal; had received erythromycin
or metoclopramide in the 24 hours before screening, dom-
peridone in the previous 48 hours, or azithromycin in the
previous 2 weeks; had a heart rate of at least 150 beats
per minute or >5 beats of ventricular tachycardia within
24 hours, a prolonged corrected QT interval (>450 ms in
men or >470 ms in women), or a history of congenital
long QT syndrome, acute myocardial ischemia, or infarc-
tion on this admission; were pregnant; or had a gastric
pacemaker.

Participants were randomized in a 1:1 ratio to receive
either the intervention (TAK-954) or an active comparator
(metoclopramide, control). Randomization was based on
a computer-generated list, with details held by the central
hospital pharmacy.
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Figure 1. Study design.

Study Drugs

Study drugs were prepared by the Department of Pharmacy
within the Royal Adelaide Hospital. TAK-954 (0.5 mg/
5 mL) was diluted in 100 mL of 0.9% sodium chloride and
presented in a VIAFLEX bag (Baxter, Sydney, Australia).
Sham TAK-954 was 5 mL of 0.9% sodium chloride for
injection, which was added to 100 mL of 0.9% sodium chlo-
ride and presented in a VIAFLEX bag. Metoclopramide
hydrochloride (Pfizer, Melbourne, Australia; 10 mg/2 mL)
was diluted in 8 mL of 0.9% sodium chloride for injection
(the usual delivery method) and presented in a 10-mL
syringe. Sham metoclopramide was 10 mL of 0.9% sodium
chloride for injection, presented in a 10-mL syringe. All
study and clinical personnel other than those involved in
preparation were “blinded” to the intervention because
study drugs and sham drugs were identical in appearance.

Patients were randomized either to receive a single
1-hour 0.5-mg intravenous infusion of TAK-954 (115 mL)
and intravenous injections of 0.9% sodium chloride (10mL)
every 6 hours (sham metoclopramide; total of 4 injections)
or to receive an active comparator; these patients received a
1-hour intravenous infusion of 0.9% sodium chloride (sham
TAK-954) and intravenous injections of 10 mg metoclo-
pramide every 6 hours (total of 4 injections).

TAK-954 (0.5 mg) or sham TAK-954 was administered
intravenously over 1 hour. Fifteen minutes before the end
of the infusion, 10 mL metoclopramide or sham meto-
clopramide was also administered via slow intravenous
injection. Participants subsequently received 10 mg meto-
clopramide or sham metoclopramide at regular intervals
after the first injection (schedule in Figure 1).

TAK-954 has previously been evaluated in a multiple-
dose IV study in healthy adult participants (18 to 45 years
old) at doses ranging from 0.1 to 0.5 mg once/d for 5 con-
secutive days.19 TAK-954 was shown to be generally well
tolerated upon repeated IV doses, with no serious adverse
events reported or significant safety issues identified.19 The
IV dose of 0.5 mg TAK-954 was selected for this study
based on prior human data19 and was anticipated to be
well tolerated in the intended study population and to
demonstrate an effect of increased gastrointestinal motility.

Test Meal

The test meal comprised 100 mL of Ensure (Abbott, Mel-
bourne, Australia), a nutrient liquid representative of stan-
dard formulae (64% carbohydrate, 21% lipid, 13% protein;
1.06 kcal/mL),20 radiolabeled with 20MBq technetium-99m
calcium phytate (Radpharm Scientific, Belconnen, ACT,
Australia).21

Protocol

The study protocol is summarized in Figure 1. Enteral
feeding was ended following randomization, before study
drug infusion. When the intravenous infusion of TAK-
954 or sham TAK-954 was completed (ie, at t = 1 hour),
GRV was aspirated, and the test meal of 100 mL of
radiolabeled Ensure was administered. Gastric emptying
was then assessed over the subsequent 4 hours. At the end of
this scintigraphic measurement period, enteral feeding was
recommenced at the goal rate (determined in accordance
with the usual feeding protocol of that intensive care unit),
and GRVs were measured at 6-hour intervals.22



118 Journal of Parenteral and Enteral Nutrition 45(1)

A study participant’s drug infusion may have been
prematurely stopped at any time if this was considered
necessary based on the clinical judgment of the investigator.
Furthermore, infusion was paused if one of the fol-
lowing situations occurred during the infusion: sustained
(�1 minute) heart rate of 150 bpm or more or sustained
increase of 30 bpm or more compared with the pre-
dose measurement; sustained mean arterial pressure of
<60 mmHg or sustained decrease of >10 mmHg compared
with the pre-dose measurement; or an AE of at least
moderate severity that was considered potentially related to
the infusion. Following this pause, infusion was resumed
or not resumed, depending on whether the participant’s
condition improved.

Outcome Measures

Safety and tolerability. Safety analyses included assess-
ments of systolic and diastolic blood pressure, heart rate,
ventilation status, and body temperature (observed values
and changes from baseline). These were performed at 30
and 60 minutes after the start of the infusion and again
at 2, 3, 4, 6, 8, 10, and 12 hours. Data for vital signs
were subsequently collected twice daily for 5 days after the
first study drug administration. Electrocardiograms (ECGs)
were performed in triplicate at intervals of �1 minute at
1, 6, 12, 24, and 48 hours after the start of study drug
infusion. ECGs were subsequently carried out daily (single,
not triplicate). Blood samples were obtained for full blood
count, serum biochemistry evaluation, and liver function
tests at screening and on days 2, 3, 4, and 5.

Gastric emptying. The radiolabeled meal was administered
via a nasogastric tube over 5 minutes. A mobile γ camera
(Digirad, Poway, CA, USA) recorded images in dynamic
mode at 1-minute intervals with the camera positioned
in the left anterior oblique position to correct for γ ray
attenuation.23 Scintigraphic data were analyzed by a qual-
ified nuclear medicine technologist (KLJ) who was blinded
to the study conditions. Radioisotopic data were corrected
for subject movement and radionuclide decay. A region of
interest that was drawn around the total stomach and gastric
emptying curves, expressed as percentage retention, was
generated over time.24 Intragastric retention was derived
at 15-minute intervals from t = 0 to t = 60 minutes and
at 30-minute intervals thereafter until t = 240 minutes.
Normal gastric retention was defined as <13% at 180 min-
utes based on previously published data,25 and abnormal
gastric retention was defined as any proportion �13% at
180 minutes.

Data on AEs were recorded as per the International
Conference on Harmonization Guideline for Good Clinical
Practice from the time of consent through to the final
follow-up assessment on day 5. AEs could be observed

by study or intensive care unit personnel, spontaneously
reported by the participant, or reported in response to a
standard question from study personnel. The relationship
of AEs to study drug therapy was assessed as being not
related or possibly/probably related for all AEs. The rela-
tionship was deemed as “possibly/probably related” if there
was a reasonable temporal sequence from administration
of a study drug or for which possible involvement of the
study drug could not be excluded—although factors such
as underlying diseases or concomitant treatments may be
responsible. The relationship was deemed not related if
the AE did not follow a reasonable temporal sequence
from administration of a drug and/or could be reasonably
be explained by other factors. Data for serious AEs were
collected through day 30.

Pharmacokinetics. Drug concentrations were measured in
arterial blood, obtained within 30 minutes of dosing
for baseline, at the time of dosing commencement (t =
0 minute), at t = 30 minutes, and at t = 60 minutes
(immediately before the end of the infusion). Samples were
also collected at t = 75 minutes, t = 90 minutes, t = 2, 3,
4, 6, 8, 10, and 12 hours after the start of the infusion,
and daily thereafter, censored at day 5. Drug concentra-
tions were determined using liquid chromatography–mass
spectrometry (Quintiles BioSciences, NewYork, NY, USA).
Plasma concentration–time data were analyzed using stan-
dard noncompartmental methods. Summary statistics were
calculated for plasma concentrations for each time point
and treatment group. As part of the major study objectives,
pharmacokinetic parameters were calculated to evaluate
pharmacokinetic and pharmacodynamic characteristics of
TAK-954 because the pharmacokinetic profile of TAK-954
is less well known than that of metoclopramide. Actual
sampling times were used for pharmacokinetic analyses.

Statistical Analyses

Data are presented as frequencies and proportions for
categorical variables and as mean (standard deviation [SD])
and/or median (25% quartile, 75% quartile) for continuous
variables. For the primary pharmacodynamics end point,
summary statistics were calculated for gastric retention for
each treatment group at t= 180 minutes. Owing to the early
termination of the trial and the small sample size, inferential
analyses were not conducted.26

Sample size. The proposed sample size of this study was
selected on the basis of clinical considerations for early
development studies. A sample size of 60 participants was
considered adequate to provide initial characterization of
safety assessments within this setting. Owing to slower-
than-expected enrollment, the study was terminated early
with the intent to provide descriptive summaries of the
outcomes.
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Figure 2. Consort-style patient flow.a
aThere were 27 patients who met two exclusion criteria, meaning there were 78 exclusion episodes in 51 patients. ECG,
electrocardiogram; GI, gastrointestinal; QTc interval, corrected QT interval; SSRI, selective serotonin reuptake inhibitor.

Table 1. Baseline Patient Characteristics.

Characteristic
0.5 mg

TAK-954
10 mg

Metoclopramide

Number of participants 7 6
Admission diagnosis

Medical (nonoperative) 2 3
Surgical (postoperative) 3 1
Trauma (nonoperative) 2 2

Mean age, years (SD) 54.0 (25.3) 55.5 (13.4)
Sex, male, n (%) 6 (86) 4 (67)
Median BMI, kg/m2 (range) 28 (23–39) 24 (21–31)
Race, white, n (%) 7 (100) 6 (100)
Glasgow Coma Scale, mean (SD) 11.0 (5.0) 7.3 (6.3)
Acute renal failure/chronic health problems, n (%) 0 (0) 0 (0)
Median blood glucose level, mmol/L (range) 7.7 (5.4–13.0) 8.3 (7.1–8.8)
Median serum creatinine level, µmol/L (range) 93 (47–199) 51 (35–66)
Mean total time receiving enteral nutrition support, hours (SD)a 124.0 (113.6) 109.2 (105.9)
Median gastric residual volume at eligibility, mL (range) 285 (210–1000) 240 (210–350)
Median time from gastric residual volume eligibility to study

drug, hours (range)
16.3 (4.7–22.5) 14.8 (12.3–20.8)

Mean gastric residual volume at baseline, mL (SD) 97.9 (118.2) 106.2 (99.2)
APACHE III score (median IQR) 66 (30) 57 (30)

APACHE, Acute Physiologic Assessment and Chronic Health Evaluation; BMI, body mass index; SD, standard deviation.
aBefore day 1 of the study.

Results

The trial was conducted between February 1, 2014, and
August 23, 2014. Participant involvement is summarized
in Figure 2. Thirteen individuals were enrolled; 7 received
TAK-954, and 6 received metoclopramide. Patient charac-
teristics are summarized in Table 1.

Safety and Tolerability

All participants received the complete dosing regimen of
study drug and sham drug. Two participants (29%) in
the TAK-954 group and 3 (50%) in the metoclopramide
group died before completion of the 30-day follow-up. Five
participants (71%) in the TAK-954 group and 4 (67%) in
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Table 2. Summary of AEs.

Category of AE
0.5 mg

TAK-954
10 mg

Metoclopramide

Day Reported
(Relative to
Baseline)

Total number of patients, n 7 6 –
Total number of AEs, n 8 5 –
Participants identified to have at least

1 AEa, n (%)
5 (71) 4 (67) –

Participant AE reported as moderate
or severe, n (%)

3 (43) 3 (50) –

Cerebral hemorrhage 1 (14) 0 (0) 3
Intracranial hemorrhage 0 (0) 1 (17) 3
Subarachnoid hemorrhage 0 (0) 1 (17) 7
Disease progression 0 (0) 1 (17) 6
Respiratory failure 1 (14) 0 (0) 11
Decubitus ulcer 1 (14) 0 (0) 7
Hypertension 0 (0) 1 (17) 3

Treatment-related moderate or severe
AEs, n (%)

0 (0) 0 (0) –

Serious AEs, n (%) 2 (29) 3 (50)
Cerebral hemorrhage 1 (14) 0 (0) 3
Intracranial hemorrhage 0 (0) 1 (17) 3
Subarachnoid hemorrhage 0 (0) 1 (16) 7
Disease progression 0 (0) 1 (16) 6
Respiratory failure 1 (14) 0 (0) 11

Treatment-related serious AEsb, n (%) 0 (0) 0 (0) –
AEs leading to discontinuation of

treatment, n (%)
0 (0) 0 (0) –

Any AEs leading to treatment
interruption, n (%)

0 (0) 0 (0) –

Deathsb, n (%) 2 (29) 3 (50) –

AE, adverse event.
aOnly 1 AE (mild diarrhea in the metoclopramide group) was considered to be potentially treatment related.
bNo serious AEs (including deaths) were considered to be treatment related in either group.

the metoclopramide group experienced an AE (Table 2). Of
these events, 2 and 3 were defined as serious in the TAK-954
andmetoclopramide groups, respectively. Only 1 nonserious
AE (diarrhea in 1 patient in the metoclopramide group)
was considered to be related to study drug. No serious AEs
(including deaths) were considered to be related to study
drug in either group. The time (study day) at which each AE
occurred is reported in Table 2.

No AEs led to treatment discontinuation or interruption
in either group. In both groups, all vital sign changes from
baseline were minimal (Supplementary Table S1), with no
clinically relevant changes in ECG readings (Supplementary
Table S2), full blood counts, or results of serum biochem-
istry and liver function tests (Supplementary Table S3).

Gastric Emptying

Individual data on scintigraphy are presented in Figure 3.
With respect to gastric emptying (intragastric retention
<13% at 180 minutes), a greater proportion of participants
had normal gastric retention in the TAK-954 group than

those receiving metoclopramide (6 of 7 participants [86%]
vs 3 of 6 participants [50%]). At t = 180 minutes, the
median (interquartile range) percentages for gastric reten-
tion were 1.0 (0–10.0) and 15.0 (1.0–26.0) in the TAK-954
andmetoclopramide groups, respectively.MedianGRVs are
summarized in Table 3.

Pharmacokinetics. Samples were obtained in 6 of 7 partici-
pants receiving TAK-954 for pharmacokinetics assessment.
Data are summarized in Supplementary Figure S1. After
the 1-hour infusion of TAK-954, the median time to max-
imum plasma drug concentration (Tmax) was observed at
30 minutes, with individual values ranging from 30 minutes
to 1 hour. The mean (SD) half-life (t1/2) after a 1-hour
infusion of TAK-954 was 15.9 (9.2) hours. After reaching
the maximum serum concentration (Cmax; mean ± SD:
5040 ± 1780 pg/mL), plasma concentrations of TAK-954
declinedmulti-exponentially; there wasmoderate variability
in Cmax across patients, with a coefficient of variation
of 35%).
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Figure 3. Gastric retention assessed by individual scintigraphy
in participants treated with (A) TAK-954 0.5 mg (n = 7) and
(B) metoclopramide 10 mg (n = 6). (C) Median gastric
emptying at 180 minutes.a
aEach cross in Figure 3C represents the gastric retention of a
patient at 180 minutes. Each horizontal line is the median
value of the patients’ gastric retention in each group.

Table 3. Median (Range) GRVs.

Time, Median
(Min, Max)

0.5 mg
TAK-954

10 mg
Metoclopramide

4 hours, n = 7 and 6a 0 (0, 24) 5.5 (0, 65)
10 hours, n = 7 and 6a 20 (0, 150) 27.5 (0, 160)
16 hours, n = 7 and 5a 15 (0, 60) 10 (0, 140)
22 hours, n = 6 and 6a 10 (0, 300) 30 (0, 420)

All volumes are in milliliters.
GRVs immediately post-scintigraphy (ie, 4 hours after the infusion of
the study drug) and 6 hours thereafter.
GRV, gastric residual volume.
aNumbers of patients for the TAK-954 and metoclopramide groups,
respectively.

Discussion

EFI is a clinical condition that may result from delayed
gastric emptying. In this phase 2a trial, a greater proportion
of critically ill patients with EFI had “normal” gastric
emptying after receiving a single dose of TAK-954 than
those receiving metoclopramide. Within the limitations of a
small cohort, treatment with TAK-954 was not associated
with an increase in AEs compared with metoclopramide.
Among the 13 study participants, only 1 nonserious AE
was considered to be associated with treatment: diarrhea in
a patient receiving metoclopramide. No serious AEs were
considered to be treatment related.

Previous studies have found that patients with a large
GRV are more likely to experience negative clinical out-
comes (higher mortality, prolonged length of stay in in-
tensive care, and fewer ventilator-free days) than those
with normal GRVs, accounting for underlying medical
conditions.4,27 Two nonselective 5-HT4 receptor agonists,
cisapride and tegaserod, have been reported to be effective
therapies in decreasing GRV and improving tolerance to en-
teral feedings, but both have been removed from the market
because of concerns regarding cardiovascular safety.9-12,28

Metoclopramide, which is available and routinely used as a
first-line prokinetic drug, is a dopamine receptor antagonist
with weak mixed serotonergic effects, including partial
agonism of the 5-HT4 receptor.29 In critically ill patients,
metoclopramide accelerates gastric emptying and is shown
to be beneficial in patients with EFI.30-33 However, the use
of metoclopramide in clinical practice can be limited by
the development of tachyphylaxis when used for prolonged
periods (>7 days),34 or earlier in the case of patients with
traumatic brain injury,35 and the possibility of adverse
central nervous system effects such as extrapyramidal symp-
toms or mental status changes.36,37 Therefore, there is a
need for novel, efficacious drugs with an acceptable safety
profile.8,38,39

As aforementioned, the safety and tolerability of phar-
macokinetics and pharmacodynamics of TAK-954 have
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been studied in a phase 1 randomized study in 12 healthy
adults. Participants were allocated to 2 consecutive cohorts
each receiving a 1-hour infusion of TAK-954 daily over
5 days.19 Overall, TAK-954 was tolerated for daily doses up
to 0.5 mg, with no severe or serious AEs reported.19 The
most common AEs were headache and postural dizziness,
all of which were mild or moderate.19 Two participants in
the first cohort experienced moderate postural dizziness on
day 1, which resolved but resulted in a protocol adaptation
for the second cohort so that participants received 0.1
mg TAK-954 on day 1 rather than 0.5 mg, with 0.5 mg
TAK-954 administered on days 2–4.19 Following IV in-
fusion, TAK-954 concentrations declined in a biphasic
manner, with variable mean half-life values across cohorts
and study days (range 18.0 to 18.9 hours on day 5 vs
15.9 hours in the current study).19 Variability in Cmax,
as measured by the coefficient of variation, ranged from
22% to 31% (vs 35% in the current study).40 Excretion
of TAK-954 was predominantly via urine, with a smaller
proportion via feces (data on file; data from the Clin-
ical Study Report from the TAK-954 Phase 1 ADME
study).

Only 1 clinical trial has previously compared a 5-HT4 re-
ceptor agonist with metoclopramide in critically ill patients.
MacLaren and colleagues conducted a blinded parallel-
group trial of 14 critically ill patients with large GRVs
(�150 mL) receiving 10 mg enteral cisapride or 10 mg
metoclopramide for a maximum of 7 days.12 In this study,
both drugs improved gastric motility, but metoclopramide
reduced GRVs to a greater extent than cisapride. These
differences, though statistically significant, were not clin-
ically relevant, as maximum feeding rates were equally
achieved with both cisapride and metoclopramide.12 In
contrast to these results with a nonselective 5-HT4 receptor
agonist, the results of the current study suggest that a
selective 5-HT4 receptor agonist (TAK-954) may be a more
potent prokinetic agent than metoclopramide, although
this requires confirmation in a larger trial. This finding
is supported by the results of studies in individuals with
diabetic gastroparesis and preoperative patients receiving
opiates, which suggest that, in both groups, 5-HT4 receptor
agonists accelerate gastric emptying to a greater extent than
metoclopramide.41,42

The strengths of the current trial include the use of
the “gold-standard” scintigraphic technique to quantify
gastric emptying precisely.43 In our study, TAK-954was also
evaluated alongside an active comparator, metoclopramide,
representing the current standard of care. The investigators
remained blinded throughout to all study procedures and
analyses. The limitations of the trial include its small sample
size, its single-center design, and the fact that only a short-
term, single-dose effect was measured. Another limitation is
that gastric emptying was not measured before application
of the study drug, but a GRV of �200 mL was used to

define slow gastric emptying in a binary (yes or no) man-
ner. Consequently, it is unknown whether baseline gastric
emptying was different between the 2 groups. Any difference
may have affected the results observed after administra-
tion. Although larger GRVs are generally considered of
more relevance clinically, a GRV of 200 mL identifies a
population with slow gastric emptying,25 specifically for
recruitment into proof-of-concept trials to determine drug
efficacy. Gastric emptying is a continuous variable that
fluctuates over time; dichotomizing a continuous variable
may lead to a loss of information or incorrect inferences.44

In addition, it is unknownwhether accelerating gastric emp-
tying improves patient-centered outcomes. Furthermore,
the trial was terminated by the sponsor at an interim
analysis, with the subsequent risk of inflating treatment
effects.26 Finally, this trial evaluated the effect of TAK-954
on a physiological outcome (GRV as surrogate marker of
gastric emptying). Accordingly, larger trials to evaluate the
effect of repeated doses on clinically relevant outcomes are
warranted.45,46

In conclusion, in a small cohort of critically ill patients
with pre-existing slow gastric emptying indicated by a
large GRV, a single dose of 0.5 mg intravenous TAK-954
appeared to have at least similar efficacy in accelerating
gastric emptying to multiple doses of 10 mg metoclo-
pramide. Treatment with TAK-954 was not associated with
an increase in AEs compared with metoclopramide. These
preliminary results support further evaluation of TAK-954
in critically ill patients with EFI in larger trials of multiple
doses.
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