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Abstract

Gastroparesis is a neuromuscular disorder of the upper

gastrointestinal tract. Patients typically complain about early

satiety, postprandial fullness, nausea and vomiting. Etiology is

multifactorial. Treatment strategies include nutritional support,

pharmacologic agents or surgery for refractory cases. Meto-

clopramide is the first and only FDA approved pharmacologic

agent for (diabetic) Gastroparesis. A couple of compounds are

currently in clinical testing. Some beacons of hope have failed

recently, however. Here we present an update on possible

future treatment options.
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Introduction and pathophysiology
Gastroparesis (GP) is a neuromuscular disorder of the
upper gastrointestinal tract defined by delayed gastric
emptying and the presence of characteristic upper
abdominal symptoms in the absence of a mechanical
obstruction [1]. The pathophysiology is multifactorial.
Loss of nerve cell bodies and affection of interstitial cells
of Cajal as well as immune processes with autoantibodies
targeting gastric myenteric ganglions play a role [2,3]. As
a result, irrespective of etiology, patients complain of
early satiety and/or postprandial fullness/bloating, nausea,
vomiting and pain [1e4]. Gold standard technique for
diagnosing and defining GP is a gastric scintigraphy study

using a validated 4-h T99 labeled solid meal technique
[5]. GP and associated symptoms have a high impact on
the quality of life. Socioeconomic burden is enormous
with overall healthcare expenditure in the USA alone of
approximately 3.5 billion USD [3].

Risk factors and symptom assessment
Risk factors for GP include all states that affect the nerve
fibers descending from the prefrontal cerebral cortex.
Among themare diabetesmellitus (Diabetic gastroparesis
DG), (viral) infections, surgery with vagal injury, con-
nective tissue disease, myopathies, neurodegenerative
disease (especially Parkinson’s disease), metabolic disor-
ders and substances that inhibit or slow gastrointestinal
propulsion (opioids and anticholinergics) [3].However, in
most of the casesGPis idiopathic (IG) [6]. Symptoms can
be quantified with different validated questionnaires.
Widely used are the Patient Assessment of upper
Gastrointestinal Symptoms Severity Index (PAGI-SYM)
and the Gastroparesis Cardinal Symptom Index (GCSI)
as well as the GCSI-Daily Diary (GCS-DD) from the
American Neurogastroenterology and Motility Society.

Intra-disease specific differences and very subjective
burden of disease find their expression also in recom-
mendations from the FDA when it comes to clinical trial
design. Sponsors should test new drugs separately in DG
and IG. While both types share the same symptoms,
pain, for example, is more prevalent in IG. On the other
hand, in DG agents used to control blood sugar levels
can potentially interact with the pharmacokinetics of
the tested agent.

In both subtypes they propose to use the change in the
five core symptoms, nausea, vomiting, postprandial
fullness, early satiety and abdominal pain, as endpoints
in the absence of a unique parameter that comprises all
of those. Ideally, studies should include a treatment of at
least 12 weeks and patient reports in form of a daily
diary. Gastric emptying time should not be used as a
primary end-point as changes in gastric-emptying time
are not associated with changes in GP symptoms [7].

Management of gastroparesis
Management is stepwise, starting with dietary modifi-
cation (small-particle (<2 mm), low-fat and low-fiber
diet, adequate hydration) [1e3,8]. The only Food and
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Drug Administration (FDA) approved prokinetic agent to
treat (diabetic) GP is the dopamine D2 receptor antag-
onist metoclopramide. Dopamine inhibits acetylcholine
release, thereby slowing down muscle contraction and
propulsion. Unfortunately, metoclopramide crosses the
bloodebrain barrier and can also act centrally in an un-
favorable manner. This feature resulted in a black-box
warning for extrapyramidal symptoms (EPMS, involun-
tary movements). Another dopamine (D2/3) receptor
antagonist, domperidone, is available for prescription only
through the FDA’s program for Expanded Access to
Investigational Drugs [2]. In the European Union it is
approved for the treatment of nausea and vomiting for
short term use (usually no longer that 7 days) [9]. It does
not cross the blood-brain-barrier. However, cardiac dys-
rhythmias due to interaction with the hERG potassium
channel as an off-target effect are a matter of concern [2].
Besides, it is not recommended in patients with medi-
cations that are also metabolized via the CYP 450 en-
zymes due to the use of the same pathway [2,9].

Off-label in use are inhibitors of the acetylcholinesterase
such as neostigmine (short half-life, for intravenous use
only in the hospital setting), as well as pyridostigmine and
Motilin receptor agonists (i.e. erythromycin, a macrolide
antibiotic). Unwanted side effects such as EPMS, tardive
dyskinesia and tachyphylaxis underline the need for
additional options for patients suffering from GP
[2,3,7,9]. In this short review, we consider registered trials
on clinicaltrials.gov and the EuropeanUnion’s clinical trial
registry EudraCT registered active and ongoing as of
January 2023 (Table 1). We present an update on com-
pounds that are currently still in clinical testing andwhere
results are expected in the mid-to-near future (Figure 1).

Phase I

In a small, open label trial Pioglitazone is tested in pa-
tients with IG. Pioglitazone is an already approved oral
antidiabetic agent. This member of the glitazone family
acts as an insulin sensitizer that increases glucose
uptake in the fat, muscle and liver. It does so by acting as
an agonist at the nuclear peroxisome proliferator-
activated receptor-g (PPAR-y). This receptor regulates
genes that are involved in glucose and lipid metabolism.
The therapy rational for its application in GP is an ex-
pected effect on restoring the gastrointestinal neuronal
nitric oxide synthase (nNOS) activity through improved
glycemic control. An impaired NO pathway in the
myenteric plexus and loss of neurons due to oxidative
stress is assumed to contribute to GP symptoms, at least
in DG [2,10]. Furthermore, as acute hyperglycemia can
potentially slow gastric emptying reduction of post-
prandial glucose peaks might be beneficial [10].

Phase II

Recently completed but without published results is
the MOMENTUM study of PCS12852 (formerly YH

12852). The compound is a novel, potent and highly
selective 5-hydroxytryptamine-4 (5-HT4) receptor
agonist [11]. The 5-HT4 receptors belong to the group
of the G-protein family coupled receptors. They are
widely expressed in the gastrointestinal tract [2,4]. In a
prior phase I/II study it was compared to placebo and
active control prucalopride. PCS12852 was shown to
increase stool frequency with faster onset than those
who received prucalopride. Also the gastric emptying
rate in constipated patients was increased [12].

Another trial is looking at the safety and efficacy of oral
phenothiazine metopimazine (NG101) compared to
placebo. NG101 is a highly selective and potent dopa-
mine D2/3 receptor antagonist [13]. In certain parts of
the world it is an already approved antiemetic and
marketed under different brands names. It is said to
have a more favorable safety profile as it does not cross
the blood-brain-barrier. Besides, it does not inhibit the
hERG channel [14,15].

Currently, another trial investigates the use of oral
Cannabidiol in the treatment of GP. In patients with
functional dyspepsia (FD, without delayed gastric
emptying) no significant difference was seen in gastric
emptying time and different patient reported outcomes
compared to placebo [16]. Up to a certain extent the
trial reflects already real-life as one study found use of
cannabinoids in one third of patients for treatment of
their chronic GP symptoms. Most of them reported
improvements of their symptoms with cannabidiol [17].
In a smaller, open-label observation an improvement of
abdominal pain was seen in patients that were refractory
to standard therapies for GP [18]. In a recent review
however authors warned that cannabis-based agents
should not be used first-line. They raise the fear that
they could even worsen gastrointestinal symptoms if
used on a chronic basis. They also criticize published
data from uncontrolled trials [19]. Another review that
was looking on the general effect of cannabinoids in pain
reduction found a high placebo effect supported by
positive media attention and trial participants’ high
expectations [20]. This placebo effect could possibly be
also responsible for the improvements observed in GP.

Also studied in GP is the gut-selective antibiotic rifax-
imine. Supposed rationale is that the reduction of
oxidative stress, as in poorly controlled diabetes, and
reactive oxygen species caused by bacterial dysbalance,
is beneficial to the function of interstitial cells of Cajal
and, ultimately, gastric motility [21].

Another study evaluates the orally taken compound
CIN-102 vs. placebo. CIN-102 is a deuterium-
containing, peripherally selective dopamine D2/D3 re-
ceptor antagonist (deu-domperidone), a modified-
version of domperidone. Therapeutic and supra-
therapeutic concentrations of deu-domperidone had
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no effect on the QT/QTc interval, suggesting an
acceptable cardiovascular safety [22].

Results are awaited also for the recently completed
BESST trial. Here buspirone, a 5-hydroxytryptamine (5-
HT) 1a receptor agonist and D2 receptor antagonist,
was tested against placebo in GP patients. Buspirone is
already approved as an anxiolytic drug (Buspar�/
Vanspar�) in the US. Its mechanism of action is not yet
fully understood. It is said to interact with the 5-HT1a-
receptor in a way that it limits serotonin release initially,
but overall serotonin supply increases over time due to
compensatory mechanisms. Finally, higher serotonin
levels should lead to an improvement of intestinal
motility. Buspirone has been shown to promote fundic
relaxation and increase gastric accommodation in animal
models and to alleviate dyspeptic symptoms in func-
tional dyspepsia in humans [23].

Finally, Prucalopride, another selective 5-HT4 receptor
agonist and approved prokinetic agent (Resolor�) for the
treatment of chronic constipation is currently tested in
GP, too. A small study (prucalopride 4 mg versus placebo)
found accelerated gastric emptying and increased bowel
movement frequency but did not appear to ameliorate
gastroparesis or meal-related symptoms [24]. In another
small study four weeks of prucalopride treatment
significantly improved symptoms (GCSI) as well as
quality of life and enhanced gastric emptying compared
with placebo [25]. Overall, it has a favorable safety profile
with no known cardiac affects [26].

Finally, for naronapride (formerly ATI-7505), a 5-HT4
receptor stimulator and D2 receptor antagonist a phase
2 dose finding study was initiated during the review
process of this manuscript. Naronapride has been
studied in chronic constipation before [27].

Uncertain fate/late stage failure

Other beacons of hope have an uncertain fate or recently
failed in late stage clinical testing.

Tradipitant (VLY-686) is an antagonist of at the tachykinin
receptor 1 (TACR1), also called neurokinin 1 receptor
(NK1R) or substance Preceptor (SPR).While effective in
a phase 2 study in a placebo-controlled phase 3 trial
(NCT04028492), reported in February 2022, it missed its
primary endpoint (change of the average severity of
nausea from GCS - DD at week 12 vs. baseline) [28,29].
Besides, a partial clinical hold on tradipitant protocols of
longer than 12 weeks duration makes it unlikely that this
agent will advance to registration soon [30]. One year
after completion according to publicly available informa-
tion the sponsor has still not asked for approval.

Ghrelin on the other hand is a peptide hormone released
from gastric mucosal endocrine cells that docks to re-
ceptors in the enteral nervous system. Ghrelin

stimulates directly the gastrointestinal motility via vagal
signaling and via Central Nervous System [3]. Various
synthetic selective Ghrelin receptor agonist develop-
ment programs (RM-131/relamorelin, TZP-101/
ulimorelin, TZP-102) seem to be abandoned. The
relamorelin program e.g. was terminated for business
reasons [31]. For ulimorelin since five years there is no
active clinical study listed. None of the former or cur-
rent sponsors still lists the compound as active in their
clinical pipelines.

Other compounds such as Velusetrag (TD-5108) and
Felcisetrag (TAK-954), Sepiapterin (CNSA-001) as well
as some Motilin receptor agonists and Granisetron seem
to share the same fate.

Velusetrag and Felcisetrag, both are selective 5-HT4
receptor agonists. In a short (7 days of treatment) and
small study in patients with DG or IG Velusetrag
accelerated gastric emptying time versus placebo [32].
However, only the 5 mg showed significant efficacy in
another dose ascending study [33]. Five years after
study completion no confirmatory phase 3 trial for this
compound has been initiated. Development therefore
seemed to have been stopped.

Despite showing significant acceleration in small bowel
and colonic transit as well as accelerated gastric
emptying time in a small study Felcisetrags necessity of
intravenous application could be a competitive disad-
vantage that hinders further development [34].
Currently, it is not listed anymore for the indication GP
on the sponsors pipeline chart [35].

Sepiapterin (CNSA-001/PTC 923) is a naturally occur-
ring precursor of tetrahydrobiopterin (BH4). Nerves in
the GI-tract express the nitric oxide synthase (nNOS).
BH4 is a critical enzymatic cofactor for the proper
function of the nNOS. NO is a key regulator for motility
in the GI. Sepiapterin was investigated under the
assumption, that it increases BH4 concentrations,
improving nNOS with positive effects on gastric ac-
commodation and emptying. Primary endpoint (change
in gastric accommodation) was met, but no change in
gastric emptying or symptoms were shown [36].
Currently, the sonsor is following only an approval path
for a use in rare disease (phenylketonuria) instead of
GP [37].

Motilin is a peptide secreted by M-cells in the duo-
denum and jejunum. It regulates gastrointestinal
motility via action on the Motilin receptor (GPR38) in
the stomach and duodenum. The macrolide antibiotic
erythromycin acts as an agonist on this receptor, too.
Without giving details according to company informa-
tion the macrolides analogue (motilid) compounds GSK
962040 and GSK1322888 will not be studied further
[38]. However, there are new non-macrolide GR38
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Table 1

Ongoing active/recently finished clinical trials in GP (results given where significant).

Agent (Brand™), Mode of

action

Phase Population (n) Primary endpoint(s)

Pioglitazone

(Actos™)

PPAR-y Agonist

Phase I (NCT04300127)

(PIOGAS)

n = 10

IG

Change in GCSI-DD baseline and after 8 weeks

PCS12852

5-HT4- receptor agonist

Phase II (NCT05270460)

(MOMENTUM)

n = 24

IG + DG

Change in Gastric Emptying Rate Assessed by 13C Spirulina gastric emptying breath

test baseline and after 4 weeks

Compound plasma concentration over time

Phenothiazine

Metopimazine mesylate

(Nortrip™, Vogalen™)

Dopamine D2/3 receptor

antagonist

Phase II (NCT04303195). n = 280

IG + DG

Change in nausea severity from baseline and after 12 weeks (measured by patients Daily Diary)

Incidence and severity of Adverse Events

Cannabidiol

(Epidiolex™, Cesamet™,

Syndros™ andMarinol™)

for different indications

CBR2 agonist

Phase II (NCT03941288) n = 96

GP or functional

dyspepsia (FD)

Change (baseline and after 4 weeks) in GP:

- fasting gastric and accommodation Volumes (measured by SPECT)

- Satiation (measured via Volume to fullness (VTF, mL) on satiation test)

- Gastric emptying (measured via Gastric emptying T1/2 of solids on scintigraphy in minutes)

- Average weekly GCSI-DD

in FD:

Change in postprandial distress score via Nepean Dyspepsia Index (every 2 weeks)

Rifaximin

Rifamycin derivative

(Xifaxan™)

Gut Selective Antibiotic

Phase II (NCT04254549) n = 40

DG

Change in self-reported bloating vs. placebo baseline and after 2 weeks

CIN-102

Dopamine D2/D3 receptor

antagonist

Phase II (NCT04026997). n = 73

IG + DG or documented

delayed gastric emptying

Change in gastric emptying time vs placebo baseline and after 2 weeks

Buspirone

(Buspar™/Vanspar™)

5-HT 1a receptor agonist

Phase II (NCT03587142)

(BEST)

n = 96

IG + DG

Change in the 4-item post-prandial fullness/early satiety sub-score GCSI baseline and after 4

weeks

Prucalopride

(Resolor™)

5-HT4 receptor agonist

Phase II (NCT02031081)

Phase II (NCT02510976)

n = 15 (DG)

n = 31

IG + DG

Change in Cumulative Meal-related symptoms and gastric emptying baseline and after 4 weeks

Gastric emptying mean 4-h meal retention 22 ± 6% in PRU vs 40 ± 9% placebo (P = 0.05)

Weekly Bowel movement frequency prucalopride vs. placebo period (10.5 ± 1.8 vs 7.5 ± 0.8,

P < 0.0001)

Change in GCI baseline and after 4 weeks

Gastroparesis Cardinal Symptom Index (1.65 ± 0.19 vs 2.28 ± 0.20, P < 0.0001)

Naronapride

5 -HT4 receptor agonist/D2

antagonist

Phase II (NCT05621811)

(MOVE-IT)

n = 320

IG + DG

Change in GCSI - Daily Diary baseline and after 12 weeks
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agonists underway (e.g. DS3801B) that have been
developed through chemical engineering [39]. They
could provide a future option.

Another once promising agent is the approved anti-
emetic granisetron. This 5-HT3 antagonist applied via a
transdermal patch was studied in an open-label registry
prescription study. An improvement in nausea and
vomiting (assessed with CPGAS at 2 weeks, 2.28� 2.53;
P < 0.05) as well as other GP related GI symptoms was
seen [40]. Another larger study listed as status “with-
drawn” however for unknown reasons during the review
process of this manuscript [41]. By label its use is
currently limited to prevent nausea and vomiting in
adults receiving anti-cancer (chemo-ther-
apy) treatment.

Summary
We note a scarcity of new compounds for the treatment
of GP. Some tested compounds are already approved for
other indications (pioglitazone, rifaximine, cannabidiol,
prucalopride, buspirone). Maybe we will see a re-
purposing of these drugs in the future. Currently, be-
sides PCS12852 only CIN-102 and naronapride seem to
be on a path forward. With the help of FDA’s guidance
for sponsors it will probably be easier to compare trial
results of different agents in the future. However, so far,
despite the better understanding of the role of different

cell types, no cell-directed/targeted therapies are in
clinical testing. Due to the role of loss of interstitial cells
of Cajal in pathogenesis of GP future approaches will
likely target the restoration or conservation of these
cells [2,3].
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