Clinical and Experimental Gastroenterology

3

Dove

REVIEW

Diabetic gastroparesis: current challenges
and future prospects

Danny | Avalos'

Irene Sarosiek!
Priyadarshini Loganathan?
Richard W McCallum'

'Division of Gastroenterology, Center
for Neurogastroenterology and Gl
Motility, Texas Tech University Health
Sciences Center, El Paso, TX, USA;
2Department of Internal Medicine,
Texas Tech University Health Sciences
Center El Paso, El Paso, TX, USA

Correspondence: Richard W McCallum
Division of Gastroenterology, Center for
Neurogastroenterology and Gl Motility,
Texas Tech University Health Sciences
Center, 4800 Alberta Avenue, El Paso,
TX, USA

Tel +1 915215 5218

Fax +1 915 215 8641

Email richard.mccallum@ttuhsc.edu

This article was published in the following Dove Press journal:
Clinical and Experimental Gastroenterology

Abstract: Diabetic gastroparesis (DMGP) is a condition of delayed gastric emptying after gastric
outlet obstruction has been excluded. Symptoms of nausea, vomiting, early satiety, bloating, and
abdominal pain are associated with DMGP. Uncontrolled symptoms can lead to overall poor
quality of life and financial burdens on the healthcare system. A combination of antiemetics
and prokinetics is used in symptom control; metoclopramide is the main prokinetic available
for clinical use and is the only U.S. Food and Drug Administration-approved agent in the United
States. However, a black box warning in 2009 reporting its association with tardive dyskinesia
and recommending caution in chronically using this agent beyond 3 months has decreased its
role in clinical practice. There is an unmet need for new prokinetics with good efficacy and
safety profiles. Currently, there are several new drugs with different mechanisms of action in the
pipeline that are under investigation and show promising preliminary results. Surgically combin-
ing gastric electrical stimulation with pyloroplasty is considered “gold” standard. Advances in
therapeutic endoscopic intervention with gastric per-oral endoscopic pyloromyotomy have also
been shown to improve gastric emptying and gastroparesis (GP) symptoms. In this review, we
will comment on the challenges encountered when managing patients with DMGP and provide
an update on advances in drug development and endoscopic and surgical interventions.
Keywords: bloating, fullness, nausea, vomiting, Enterra, diabetes

Introduction

Gastroparesis (GP) is a debilitating disease associated with poor quality of life (QoL)
and financial burdens on the healthcare system.' There is a paucity of data on the
prevalence of diabetic gastroparesis (DMGP). Based on an epidemiological study from
Olmsted county in Minnesota, the risk of GP in patients with type 1 diabetes mellitus
(T1DM) and type 2 diabetes mellitus (T2DM) is 5.2% and 1.0%, respectively.? Clinical
symptoms of DMGP include nausea/vomiting, early satiety, bloating, and abdominal
pain.>* The basis for the diagnosis of DMGP relies on the exclusion of gastric outlet
obstruction and a delayed gastric emptying (GE) study with a radionuclide-labeled solid
meal. GE is considered delayed with a food bolus retention of >60% at 2 hours and/or
>10% at 4 hours.® Early satiety and postprandial fullness, two predominant symptoms
in DMGP, have been associated with disease severity and delayed GE.¢ Patients with
T1DM-related GP, who account for ~10% of the GP population, have comparable
baseline symptoms to patients with T2DM-related GP. However, patients with TIDM-
related GP have less clinical improvement with medical and/or surgical treatment and
more vascular complications from diabetes.” Overall, patients with DMGP often have
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concomitant challenges with the management of hypergly-
cemia, and a vicious cycle is created, leading to worsening
gastrointestinal neuropathy and clinical symptoms.3°

The pathogenesis of DMGP remains elusive; however, it
likely starts with impairment in the microcirculation of the
gastric wall,'® which is also seen in other complications of
diabetes (i.e., nephropathy and retinopathy). Loss of gastric
neurons containing nitric oxide (NO) synthetase may ensue
in patients with DMGP, and an impaired NO pathway in the
myenteric plexus may lead to an impaired gastric accom-
modation reflex with subsequent dyspeptic symptoms!!!1?
(Figure 1). Damage to intrinsic/extrinsic neurons,'® loss of
interstitial cells of Cajal (ICC)," and loss of heme oxygen-
ase 1 (HO1)" have also been implicated in DMGP. Lack
of the protective enzyme heme oxygenase (HO1), which is
expressed in type 2 macrophages against oxidative stress,
has been associated with DMGP.'® Loss of CD206-positive
antiinflammatory macrophages (M2) in circular muscles in
the body'” and antrum'® of the stomach has been seen in con-
junction with loss of ICC in patients with DMGP. Refractory
DMGP has been associated with fewer ganglion cells and
more depleted ICC in the inner circular layer than in idio-
pathic GP." Vagal cholinergics are also more often affected
in DMGP than in idiopathic gastroparesis (IDGP).%° Murine
models have suggested a potential link between reduced insu-
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lin/IGF-1 signaling and subsequent ICC depletion, smooth
muscle atrophy, and reduced stem cell factor production.?!
Pyloric dysfunction is an overlooked aspect in the
pathogenesis of GP. There is evidence of “pylorospasm”
among patients with diabetes.”? Combined antral and pyloric
dysfunction contribute to GP, with loss of relaxation in the
pylorus and concomitant loss of antral motility. In addition,
loss of ICC and smooth muscle fibrosis is more common
in the pylorus than in the antrum of patients with refrac-
tory GP.» The advent of the endoscopic functional luminal
imaging probe (EndoFLIP) has allowed for the evaluation
of pyloric dysfunction in DMGP. Symptoms of early satiety
and postprandial fullness are inversely correlated with the
diameter and cross-sectional area of the pyloric sphincter.?*
In addition, wireless motility capsule testing has shown
that there are extra-gastric delays in small bowel and colonic
transit in up to 40% of patients with GP»* Symptoms related
to extra-gastric delays may be suboptimally addressed when
treating patients with DMGP due to their lack of awareness.

Antiemetics
A search was conducted in MEDLINE up to August 1, 2017.
Mesh and non-Mesh terms were used, including “gastropare-
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Figure | Summary of the neural, myoelectrical, muscular, and cellular aspects of the pathophysiology of gastroparesis.
Note: Reprinted from Gastroenterology, 141(4), Owyang C, Phenotypic switching in diabetic gastroparesis: mechanism directs therapy, 1134—1137, 201 |, with permission

from Elsevier.'*'
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“granisetron,” “tropisetron,” “dolasetron,” and “aprepitant.”
Table 1 presents a summary of the antiemetics studied in
DMGP, and Table 2 shows antiemetics commonly used in
DMGP but not studied in prospective or clinical trials.

The scopolamine patch was adapted due to the inherent
impediment of drug absorption during an episode of vomit-
ing. Among 5-HT3 antagonists, granisetron is the only agent
that can be administered via a transdermal patch, which is
optimal during bouts of vomiting. It has been used in chemo-
induced, radiation-induced, and postoperative nausea and
vomiting. In a prospective study of 51 patients with GP (13
DMGP, 35 IDGP, 2 postsurgical GP, and 1 mixed connective
tissue disease), 76% of patients reported clinical improve-
ment in symptoms of nausea and vomiting (p<0.05); however,
less symptom improvement was seen among those with
severely delayed GE (p=0.065).2° Aprepitant, a neurokinin-1
receptor antagonist, has been used for short-term treatment
of chemotherapy-induced nausea, and its clinical benefit
in refractory GP has been reported in a small case series.?”’
Most recently, the APRON (aprepitant for the treatment of
nausea) randomized controlled trial evaluated the efficacy
of 125 mg of aprepitant daily (n=63) vs. placebo (n=63) for
patients with nausea and vomiting due to suspected gastric
dysfunction; 38% and 21% of the patients had diabetes in
the aprepitant and placebo groups, respectively. Delayed GE
was present in 46% of patients taking aprepitant and in 68%
of those taking a placebo, whereas rapid GE was present in
3% of patients in each arm. Overall, the primary endpoint
of reduction in nausea was not different from that of placebo
(46% vs. 40%, p=0.43); however, there were improvements
in overall symptom relief (p=0.001) and reductions in gas-
troparesis cardinal symptom index (GCSI) scores for nausea
(p=0.005) and vomiting (p=0.001) in patients taking aprepi-
tant.?#? Tradipitant (VLY-686), a drug similar to aprepitant,
is a neurokinin-1 receptor antagonist that works by blocking
substance P; it is now undergoing clinical trial evaluation.*

In a small randomized trial of patients with DMGP, oral
clonidine, an alpha-2 adrenergic agonist, reduced symptoms
of nausea and vomiting. Ten patients with DMGP and 10
matched controls received oral clonidine in doses ranging
from 0.1 to 0.3 mg BID. GE of a solid meal was no different
between the groups (p=0.62); however, symptoms of nausea
and vomiting were reduced in patients with DMGP?! In a
separate case series, six patients with diabetes with refrac-
tory symptoms of bloating, nausea, and vomiting received a
median dose of 0.3 mg of clonidine per day and had a signifi-
cant improvement in GE t,, of a liquid meal (p<0.025) and
overall symptoms.> It is postulated that the therapeutic effect

of clonidine comes from its action on the alpha-2 adrenergic
receptor in the chemoreceptor trigger zone.*

The impact of acupuncture on the symptoms of DMGP
has been an active area of investigation. In a prospective
nonrandomized, unblinded case-crossover study of eight
patients with DMGP who were on domperidone (20 mg
QID) for 12 weeks with a washout period of 2—3 weeks, the
patients received acupuncture biweekly for 8 weeks. There
was no change in GCSI scores with domperidone (p=0.77);
however, there was improvement in the majority of the cardi-
nal symptoms for GCSI (p=0.079) and QoL after acupuncture
(»p=0.002).34 In a meta-analysis of low-quality randomized
trials, acupuncture treatment had a higher response for the
improvement of dyspeptic symptoms than controls (RR 1.20,
CI: 1.12-1.29; p<0.00001).** These data should be regarded
with caution due to the possibility of publication bias. Our
research group has evaluated the effect of transcutaneous
acupuncture (TEA) in the treatment of nausea in patients
with GP. Using electroencephalography and electrogastro-
graphy, 11 patients with DMGP showed improvement with
TEA in terms of gastric dysrhythmia and reduction of nausea
(p<0.05).% To date, no clinical trials have evaluated marijuana
or tetrahydrocannabinol (THC) derivatives (i.e., nabinol or
dronabinol) in the treatment of GP symptoms. THC deriva-
tives are likely to be ineffective for the long-term treatment
of DMGP since they delay GE*” and may lead to cannabinoid
hyperemesis syndrome.

Prokinetics
A search was conducted in MEDLINE up to August 1, 2017.
Mesh and non-Mesh terms were used, including “gastro-

EEINT3

paresis ,

LEINT3

prokinetics”,

LEINT3

azithromycin”, “erythromycin”,
“metoclopramide”, “domperidone”, and “metopimazine”.
Table 3 shows the prokinetics used in DMGP.

Oral metoclopramide has been the mainstay treatment in
DMGTP since its approval by the U.S. Food and Drug Admin-
istration (FDA) in 1980.* Metoclopramide is a D2-dopamine
receptor antagonist that increases lower esophageal sphincter
(LES) pressure, GE, and transit time in the proximal small
bowel. It also has an antiemetic effect via its antagonistic
effects on dopamine receptors in the chemoreceptor trigger
zone.* However, in 2009, a black box warning was issued
on metoclopramide due to its association with tardive dys-
kinesia.*! This black box warning led to legal implications
and has decreased its use in clinical practice.*

A study of genetic polymorphisms in the recipients of
metoclopramide for upper gastrointestinal symptoms sug-
gestive of GP revealed that side effects were associated with
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Table 2 Antiemetics used but not studied in prospective or
clinical trials

Receptor Drug

5-HT3 antagonists Ondansetron, tropisetron, dolasetron

Cannabinoid receptor agonist Marinol, dronabinol, nabilone
Anticholinergic/antihistamines Scopolamine transdermal patch,

promethazine

polymorphisms in CYP2D6, KCNH2, and 5-HT4 receptor
HTR4 genes, and good clinical response was associated with
polymorphisms in KCNH2 and ADRA1D.*® In an open-
label randomized trial evaluating patients with DMGP, a
nasal spray containing 10 or 20 mg of metoclopramide was
compared with metoclopramide 10 mg oral tablets QIDx6
weeks. Total symptom scores were better with the adminis-
tration of 20 mg (p=0.008) and 10 mg (p=0.03) nasal spray
metoclopramide than with oral metoclopramide.* A Phase 111
randomized multicenter trial also evaluated nasal metoclo-
pramide at 10 mg QID vs. placebo for 28 days. A total of
205 women with DMGP (88% T2DM) with a mean age of
52.7 years were included in the trial. The primary endpoint
of reduction in baseline symptoms at week 4 was not met;
however, a subgroup analysis of patients with moderate—
severe symptoms at baseline showed a significant reduction
of symptoms at weeks 1 and 3. There were no differences in
adverse events between either arm.*

Domperidone has been associated with improvement in
symptoms of postprandial fullness, nausea, and vomiting.**->°
This dopamine 2 antagonist differs from metoclopramide in
that it does neither cross the blood—brain barrier nor induces
central nervous system side effects but has a similar efficacy
profile to that of oral metoclopramide.*® It has been utilized
worldwide for over 25 years, but it is available only in the
United States under an investigational new drug application
through the FDA. In a prospective cohort (88 IDGP, 16 DMGP,
and 9 postsurgical GP), most patients showed an improve-
ment in GP symptoms, including nausea, vomiting, retching,
early satiety, postprandial fullness, and upper abdominal
pain (p<0.001).% Similarly, a recent prospective cohort of 34
patients (5 DMGP and 29 IDGP) taking domperidone at 10 mg
TID for an average treatment duration of 36.9 days showed an
overall GP symptom improvement (p<0.05).® In a systematic
review of 28 trials (11 full articles and 17 abstracts), 64% of
studies showed a symptom improvement, 60% showed an
improvement in GE, and 67% of studies showed a reduction
in hospital readmissions. It was concluded that there is level
3 evidence for the efficacy of domperidone in DMGP, leading
to a grade C recommendation.®® “New”” domperidone formula-

tions have been developed to minimize the remote possibility
of cardiotoxicity (prolonged QT interval) with the original
domperidone. NG101 (metopimazine) has shown promising
results in animal models and is a highly potent D2 receptor
antagonist (100X more potent than metoclopramide) that does
not cross the blood-brain barrier or antagonize hERG chan-
nels (cardiac channels) in vitro.*! Similarly, TAK-906 is being
evaluated in Phase II clinical studies to assess the safety of
the drug in patients with DMGP and IDGP in a randomized
double-blind trial.

Erythromycin is a macrolide antibiotic with an agonist
effect on the motilin receptor,®? and I'V or oral erythromycin
administration may improve GE by 30%—-60%.% Motilin, a
polypeptide hormone, increases LES pressure and initiates
migrating motor complex (MMC) activity in the antrum and
proximal small bowel.* Intravenous erythromycin at doses
of 6 mg/kg followed by an oral erythromycin base at a dose
of 500 mg TID prior to meals has been shown to improve
solid meal retention at 2 hours from 85% at baseline vs. 20%
following intravenous erythromycin (p<0.001) and 48% after
4 weeks of oral therapy (p<0.01).% However, a randomized
trial of motilin receptor agonist (ABT-229) vs. placebo failed
to show an improvement in clinical symptoms in patients
with TIDM with or without delayed GE.® Furthermore,
the effects of erythromycin may only be short lived due to
the development of tachyphylaxis with prolonged use.®”” A
similar macrolide, azithromycin, has also been shown to
improve antral and duodenal contractions in patients with
gastrointestinal dysmotility; however, unlike erythromycin,
it has fewer drug—drug interactions and is not metabolized
by the P450 system.®®% A prospective study of 120 patients
with chronic abdominal pain or suspected GP underwent
solid meal GE with IV azithromycin or 250 mg of IV
erythromycin given at 75-80 minutes with 15 minutes of
., GE t,, was comparable
between azithromycin (mean GE t,,10.417.2 minutes) and
erythromycin (mean GE t, 11.948.4 minutes; p=0.30). Due
to the fewer drug—drug interactions, a lower incidence of QT

further imaging to determine GE t

prolongation, and a longer half-life with azithromycin, it may
be a better alternative to erythromycin’; however, concerns
about antimicrobial stewardship may limit its long-term use.

Advances in drug development

The need for further drug development for GP continues,
and several agents are poised to gain acceptance (Table 4).
Traditionally, endpoints in clinical trials have focused on
enhancing GE and evaluating GCSI scores. Even though
prokinetics have been associated with clinical improvement
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Table 3 Prokinetics in DMGP

Author Drug Dose Year Study Population Age (mean)
Design
Heckert and Domperidone 10 mg PO TID for 6 2017  Prospective Refractory GP patients: DMGP 44
Parkman*® weeks (14.7%), IDGP (85.3%)
Schey et al®*  Domperidone 10-20 mg PO TID or 2016 Prospective Refractory GP: DMGP (13.9%), IDGP 41
QID (76.5%), postsurgical GP (7.8%), other
(1.7%)
Ortiz et al®*  Domperidone 40-120 PO mg/day; 2015 Retrospective  Refractory GP: DMGP (45%), IDGP 40
1040 mg (36%), chronic nausea and vomiting
30 minutes before each (8%), dumping syndrome (5%), cyclic
meal and at bedtime vomiting syndrome (5%), conditioned
vomiting (1%)
Franzese Domperidone 0.9 mg/kg PO TID 2002 RCT Children with IDDM and GP 12
et al¥ Cisapride 0.8 mg/kg PO
TID
Patterson Domperidone 10 mg PO QID 1999 RCT IDDM patients with a 3-month history 39
etal® of GP
Silvers et al”  Domperidone 20 mg PO QID 1998 RCT DMGP 45
Soykan Domperidone 20 mg PO QID 1997  Prospective GP 42.8
et al*®
Kozarek®? Domperidone 40-80 mg PO QD 1990 Retrospective =~ DMGP 39 (Median)
Braun* Domperidone 10 mg PO QID 1989 RCT DMGP 51
Koch etal®’  Domperidone 20 mg PO QID 1989 Open-labeled  IDDM with upper Gl symptoms 45
trial
Horowitz Domperidone 20 mg PO TID 1985 Open-labeled  IDDM patients with autonomic 21-61 (range)
et al*® trial neuropathy
Watts et al*® Domperidone 10 mg PO QID 1985 Open-labeled DMGP 40.3
trial
Heer etal®  Domperidone 10 mg IV 1983 RCT DMGP 45.8
Nagler and Domperidone 10 mg PO QID 1981 RCT Chronic idiopathic upper Gl distress NR
Miskovitz**
McCallum Metoclopramide 10 mg nasal 2017 RCT DMGP (women) 527
et al#A nasal spray metoclopramide vs.
placebo QID
Parkman Metoclopramide  10-20 mg nasal spray vs. 2014 RCT 54.3 (control)
etal* tablet vs. nasal 10 mg tablet PO QID 55.5 (10 mg nasal),
spray 53.8 (20 mg nasal)
Camilleri Relamorelin 10 pgs.cBID, 30 pygs.c 2017 RCT DMGP with moderate to severe GP 58.2 (median)
et al”® BID, 100 pg BID
Lembo Relamorelin 100 pg s.c QD, BID or 2016 RCT Adults with GP symptoms and delayed Placebo: 55.2 (11.12)
etal”® placebo GE (13C-spirulina GE breath test) Relamorelin
QD: 56.2 (10.74)
Relamorelin BID:
53.5(10.71)
Shin et al” Relamorelin 100 pg s.c single dose or 2013 RCT T1DM patients with prior delayed GE ~ Relamorelin:
placebo 45.7+4.4
Shin et al™ Relamorelin 100 pg s.c. single dose or 2013 RCT Women with DMGP 51.8

placebo

Note: Aindicates study reported in abstract form.
Abbreviations: DMGP, diabetic gastroparesis; EEG, electrogastrography; GCSI-DD, gastroparesis cardinal symptom index-daily diary; GET, gastric emptying time; GI,

gastrointestinal; GP, gastroparesis; IDDM, insulin-dependent diabetes mellitus; IDGP, idiopathic gastroparesis; NVFP, nausea vomiting fullness pain; NR, not reported; QoL,
quality of life; RCT, randomized controlled trial; TIDM, type | diabetes mellitus; TSS, total symptom score.
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Control Exp Outcomes Results Level of
(n) (n) evidence
0 34 GCSI-DD Overall symptoms improved (early satiety, postprandial fullness, ~ Moderate
and nausea), p<0.05
0 115 Clinical Patient Grading Assessment Sixty percent of patients reported symptom improvement
Scale (postprandial fullness, nausea, vomiting, stomach fullness), 38%
(+7=completely better; O=no change). had side effects (headache, tachycardia, diarrhea), and 12% had
side effects requiring medication discontinuation
0 64 QTc prolongation, Gl symptoms based ~ Seventy-three percent of patients had a moderate improvement
on a 7-point Likert scale in symptoms
13 14 Clinical symptoms, EGG Symptomatic score was markedly lower in domperidone group
than in cisapride group p<0.01. Domperidone normalized gastric
electrical activity (p<0.05) and decreased the prevalence of
episodes of gastric dysrhythmia (p<0.01)
45 48 Nausea, vomiting, bloating, distension, Similar efficacy between domperidone and metoclopramide but
early satiety less somnolence with the domperidone
103 287 Qol, clinical symptoms Significant improvement in Gl symptoms and improvement in QoL
0 17 Gastroparesis symptom scores and GP symptom scores were reduced from 4.1+0.22 (meanSEM)
QoL to 1.340.2
0 57 Global response Seventy percent had a marked or moderate response, 26% had
slight response or no change, 4% had worsening of symptoms
0 18 Anorexia, nausea, vomiting, early satiety Decrease in symptom frequency and intensity
0 6 GE (solids), and gastric myoelectric Gl symptom score improved from 17.8 to 3.7 (p<0.01). No
activity change in GE
22 12 GET Improvement in GET of both solids and liquids, p<0.001
0 3 GET Symptomatic improvement with no adverse effects
0 6 GET Shortened GE t1/2
0 I Clinical symptoms No differences between domperidone and placebo
53 52 Change from baseline in symptom No significant differences (p=0.9) between nasal spray Moderate
score at week 4 metoclopramide and placebo at week 4. Within the moderate—
severe cohort, a significant treatment effect favoring the nasal
metoclopramide spray (p<0.05) was seen at weeks -3
18 71 TSS, Responder Change from baseline in TSS for nasal 20 mg was >10 mg of
oral metoclopramide at week 6 (p=0.03). Significant difference
between baseline TSS and week 6 with 10 mg (p=0.03) or 20 mg
(p=0.008) nasal metoclopramide
104 289 Clinical symptoms and GE Seventy-five percent reduction in vomiting frequency compared ~ High
with baseline, but this difference was not significant compared
with the placebo group. Relamorelin improved overall composite
symptoms and accelerated GE by 12% compared with placebo
(p<0.05)
69 135 GE (solid meal) as measured by a Twice-daily relamorelin significantly accelerated GE (p<0.03) and
13C-spirulina GE breath test reduced vomiting frequency (by ~60%) and severity vs. placebo
Secondary outcomes: nausea, (p<0.03)
abdominal pain, bloating, early satiety,
and vomiting frequency and severity
5 5 GE (solids and liquids), GCSI-DD, Single-dose RM-131 decreased gastric retention of solids at |
nausea, vomiting, fullness, hour (p=0.005) and 2 hours (p=0.019). Relamorelin reduced
and pain scores GCSI-DD scores (p=0.03) and NVFP scores (p=0.04)
3 10 GE of a solid meal GE t1/2 solid (min): relamorelin: 59.5+7.9, placebo: 127.8+18.6,
p=0.01
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Table 4 Prokinetics in Phase Il and Ill stages of development

Drug name Route of Mechanism  Clinicaltrials.gov

administration of action identifier
Metoclopramide Intranasal Dopamine NCT00845858
nasal spray (D2) receptor
(Evoke pharma) antagonist
Domperidone Oral Dopamine NCT03268941
(new) receptor
(TAK906- antagonist
Takeda, NG (D2/D3)
101-neurogastrix)
Prucalopride Oral 5-HT4R NCT02031081
(Shire) agonist
Velusetrag Oral 5-HT4R NCT02267525
(Theravance agonist
biopharma)
Relamorelin Subcutaneous  Selective ghrelin NCT02357420
(RM-131) receptor agonist
(Allergan)

Abbreviations: 5-HT4R, 5-hydroxytryptamine-4 receptor; NA, not available.

and accelerated GE, establishing a correlation between
symptom improvement and changes in GE has been elusive
for drugs such as metoclopramide, domperidone, cisapride,
erythromycin, and levosulpiride. The lack of a relationship
between these two outcomes has led to questioning of the use
of GE as a primary endpoint in drug development.”
Ghrelin promotes gastric motility and has been shown to
relieve GP symptoms (Figure 2).”>7 Relamorelin (RM-131),

a selective ghrelin receptor agonist, accelerated solid GE
t,, (p=0.01) in a Phase Ib clinical trial’* with a reduction in
clinical symptoms (p<0.05) and improved GE in a Phase IIb
randomized trial of patients with moderate—severe diabetic
GP who received 10 or 30 pg of subcutaneous relamorelin
BID vs. placebo (p<0.05).” Similarly, a double-blind Phase
II randomized trial including 204 patients with DMGP from
27 clinical centers received 10 ug of relamorelin subcutane-
ously once or twice daily. Twice a day dosing accelerated GE
(p<0.03) with a decrease in vomiting episodes of nearly 60%
(p<0.03).76 Currently, a multicenter Phase III randomized trial
has started for relamorelin at a dose of 10 ug BID in DMGP.

Pharmacologic agents working as SHT4 receptor agonists
have been shown to enhance GE and small bowel and colonic
transit and mediate reflexes controlling gastrointestinal motil-
ity and secretion.”””” Historically, cisapride® and tegaserod®!
were developed based on these mechanisms but were not
sustainable due to cardiotoxicity.®? Prucalopride, a selective
5-hydroxytryptamine-4 receptor agonist, has been evaluated
in patients with DMGP and IDGP with improvement in GE
t, , emptying (p<0.05) and GCSI scores, including fullness/
satiety (p<0.0005), nausea/vomiting (p<0.001), and bloating/
distension (p<0.00001), compared with placebo.®’ Velusetrag,
a 5-HT4 agonist, was evaluated in patients with GP (53%
diabetes) in a randomized crossover placebo-controlled
study evaluating dosing regimens of 5, 10, and 30 mg/day.

Relamorelin, a ghrelin Ghrelin
receptor agonist, in
diabetic gastroparesis Ghrelin

receptor Ghrelin

on no dose receptor
Gastroparesis composite Afferent Vagus N on DMV Relamorelin
symptom score Efferent

0
Gastric emptying

-2
-4

P P -6

AGEfrom  _g
baseline

Ty min 10

-12
-14
-16
-18
-20

Placebo 10 ug RM 30 ugRM 100 pg RM

p=0.023 p=0.028 p=0.051

Data mean+SEM

Figure 2 Summary of the molecular structure, mechanism of action, and outcomes of a clinical trial regarding symptoms and gastric emptying.
Note: Image courtesy from Dr Michael Camilleri from the Mayo Clinic’s Division of Gastroenterology in Rochester, MN, USA.
Abbreviations: DMV, dorsal motor nucleus of the vagus; GE, gastric emptying; RM, relamorelin; SEM, standard error of the mean.
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Improvement in GE time, as defined by a 20% reduction of
GEt, ,
and idiopathic GP) with the 30 mg/day dose compared with

was achieved in 52% of patients (with both diabetic

placebo (p=0.002).% Pharmacologic receptor data have shown
that Velusetrag is 500x more selective than cisapride without
cardiotoxicity.®

Basic cellular level therapies
Macrophage phenotype and loss of ICC in the gastric muscle
layers have led to cellular explanations for delayed GE. In
diabetic models, macrophages with the M2 phenotype show
normal GE, whereas in vitro studies have shown that the
M1 phenotype leads to tumor necrosis factor-o production,
resulting in Kit loss and ICC injury.®® Furthermore, low
numbers of CD206-positive M2 macrophages in the body'”
and antrum'® of human subjects have been associated with
ICC loss and DMGP. Based on this notion, pioglitazone (thia-
zolidinedione class) could have the potential to modify these
changes of depleted CD206 M2 macrophages in the stomach.
Similarly, reduction in heme oxygenase (HO1) has been
associated with the loss of ICC and delayed GE. In a ran-
domized controlled trial, hemin infusion with albumin was
compared with albumin alone and its effect on HO1 levels.
Patients received infusions on days 1, 3, and 8 and subsequent
weekly infusions for 7 weeks. Beyond 1 week, hemin did not
increase HO1 levels or improve symptoms or GE.¥’

Drug-drug interactions

A common clinical problem encountered in the management
of patients with DMGP is drug—drug interactions. Typically,
patients require a combination of antiemetics, prokinetic
agents, and pain modulators. Prokinetic agents, such as
domperidone and metoclopramide, have been associated
with QT prolongation,® and a combination of these regimens
with antiemetics, such as promethazine and ondansetron,®
or antidepressants could have a synergistic effect.**! Due
to the high prevalence of anxiety and depression in patients
with GP,”> concomitant use of selective serotonin reuptake
inhibitors and metoclopramide could also lead to a greater
risk of side effects (Figure 3).%

The cardiotoxic effects of metoclopramide and dom-
peridone were investigated in neonatal rat cardiomyocytes.
Cardiotoxicity was deemed to be due to potent local
anesthetic-like inhibition of cardiac Na channels®® and
inhibition of hERG channel activity, which inhibits the rapid
component of the cardiac delayed rectifier K® current.®
Recently, a meta-analysis of observational studies reported

a 70% increase in the risk of cardiac arrhythmia and sudden
cardiac death with domperidone use.®® However, these data
should be regarded with caution given the poor method-
ological quality of each composite study.”® In our personal
20 years’ experience with domperidone, it has demonstrated
good clinical efficacy in doses of up to 120 mg/day. Out of
64 patients treated with domperidone (DMGP 45%, IDGP
36%, and other 19%), 10 patients had prolonged QTc ranging
from 453 to 509; however, no clinical cardiovascular adverse
events were reported.** Baseline and routine follow-up elec-
trocardiography testing should be performed in patients on
domperidone, and more specifically, when these patients
also require antiemetics, prokinetics, and antidepressants to
monitor for QT¢ prolongation.

Glycemic control and comorbidities
in DMGP

Acute and chronic hyperglycemia can delay GE*’; however,
there is limited data showing that long-term glucose con-
trol can improve GE.”® In the Epidemiology of Diabetes
Intensive Complications study, elevated baseline HbAlc
and years of diabetes were associated with delayed GE in
patients with TIDM.® In healthy people, hyperglycemia
(blood glucose 2200 mg/dL) reduces antral motility,* and
severe hyperglycemia (blood glucose 290-340 mg/dL) can
reduce antral motility and GE in patients with TIDM.!%®
Furthermore, hyperglycemia (mean blood glucose 285 mg/
dL) may reduce the length of the MMC cycle.'” Thus, it is
plausible that reduction in antral motility and MMC cycles
may result in delayed GE.

Delayed GE may also be associated with hypoglycemia,
and this condition has been termed “gastric” hypoglycemia.!®
A study involving 31 patients with diabetes (16 TIDM and
15 T2DM) with unexplained postprandial hypoglycemia
and 18 insulin-dependent patients with diabetes without
postprandial hypoglycemia underwent GE *C breath tests
(BreathID® system). GE was slower in hypoglycemic patients
with diabetes than in nonhypoglycemic patients with diabetes
with t ,139.9+74.1 vs. 77.8423.3 (p<0.001).'*"

Blood glucose excursions due to poor tolerability of oral
hypoglycemic agents or fear of insulin use during episodes
of poor oral intake may lead to subsequent microvascular/
macrovascular complications and comorbidities. People
with diabetes with GP symptoms and delayed GE have been
associated with an increased risk of the development of car-
diovascular disease (p<0.05), hypertension (p=0.005), and
retinopathy (p<0.001) but not with overall mortality when
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CYP3A4 inhibitors

Indinavir Suboxone
Ritonavir Telithromycin
Calrithromycin  Erythromycin
Itraconazole Fluconazole
Ketoconazole  Grapefruit Juice
Domperidone Nefazodone Verapamil
metabolites Saquinavir Diltiazem
CYP
3A4
Domperidone UGT
Metoclopramide Endoplasmic reticulum
metabolites CYP
2D6 R
CYP2D6 inhibitors
Metoclopramide Bupropion Duloxetine
Cinacalcet Sertraline
Fluoxetine Terbinafine
Paroxetine Amiodarone
Quinidine Cimetidine
CYP inducers
Dexamethasome
Rifampin
Efavirenz
Nevirapine
Barbiturates
Carbamazepine
Glucocorticoids
Phenytoin
Nucleus
SULT
Cytosol

Figure 3 Potential drug—drug interactions in gastroparesis.

Note: Copyright ©2015. John Wiley and Sons. Reproduced from Youssef AS, Parkman HP, Nagar S. Drug-drug interactions in pharmacologic management of gastroparesis.

Neurogastroenterol Motil. 2015;27(11):1528-1541.%

Abbreviations: CYP, Cytochrome P450; UGT, glucuronosyltransferase; SULT, sulfotransferases.

compared with people with diabetes without GP symptoms
and normal GE.!* Similarly, in a 25-year follow-up study of
86 patients with DMGP, delayed GE of solid or liquid meals

was not associated with increased mortality.'®

Nutrition and DMGP

Dietary modifications are often needed to control gastropa-
retic symptoms. More frequently, small portions of a diabetic
diet have been effective in reducing symptoms in DMGP.
Fifty-six patients with insulin-dependent diabetes and GP
were randomized to a small particle diet consisting of foods
that could be easily mashed or ground and a control diet
that consisted of large particle foods with a low glycemic
index (i.e., whole meat, seafood, cheese slices, almonds, and
nuts). Symptoms of nausea/vomiting (p=0.01), postprandial

fullness (p=0.02), bloating (p=0.006), and heartburn/regur-
gitation (p=0.02) were improved in the intervention arm, but
no improvement was seen in abdominal pain.!* Similarly,
avoidance of high-fat solid meals, implementation of a low-
fat/low-fiber diet, and increased liquid content meals led
to symptomatic improvement.'>!% Carbonated beverages
should be avoided as they can aggravate proximal gastric
distension and can theoretically worsen abdominal bloating
and the sensation of fullness in DMGP.'”

Patients with DMGP may have diets deficient in calories,
vitamins, and minerals.!"® Poor oral tolerance of a liquid
meal may be a clinical sign for the need for an alternative
means of nutrition. A trial of nasojejunal tube feedings may
be used to assess tolerance of feedings''' and as a bridge to
placement of a surgical jejunal tube. Surgical placement of
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a jejunostomy tube beyond the affected stomach has been
shown to improve self-reported overall health status among
patients with DMGP; however, up to 54% of patients may
have some complications requiring further surgery or hospi-
talization.!'? An alternative to surgical placement of a jejunos-
tomy tube is a direct percutaneous endoscopic jejunostomy
(DPEJ), which has been associated with modest technical
success (68%) and minimal adverse events, including bowel
perforation (2.4%), jejunal volvuli (1%), and major bleeding
(1%).!"3 Per-endoscopic 20F gastrostomy tubes with exten-
sion (PEGJ) are technically easier to place than a 20F DPEJ;
however, their placement is associated with a high degree

of retrograde tube migration,'*

which may often be seen in
patients with DMGP after prolonged episodes of nausea/
vomiting and retching. Placement of endoscopic clips during
the placement of a PEGJ'" and a new technique called the
PEG-Pedi-PEG technique,''® which involves placement of
a pediatric PEG tube bumper in the small bowel, may limit
retrograde tube migration; however, reports of its clinical

success in patients with DMGP are limited.

QoL and biopsychosocial factors
in DMGP

Patients with DMGP have an impaired QoL due to symptoms
of GP, and many will have concomitant mood disorders with
nearly 50% of patients reporting anxiety and 38% of them
reporting depression.!'” Patients with mood disorders are
more likely to report worse GP symptoms,”!'® and clinical
symptoms, such as abdominal pain and nausea/vomiting,
have been linked with an overall poorer QoL.!!*2* Abdominal
pain is the predominant symptom in one-fifth of patients with
GP, whereas nausea/vomiting is the predominant symptom in
44% of gastroparetics.'?* Abdominal pain is often epigastric
(43%), postprandial (72%), nocturnal (74%), and frequently
associated with interference with sleep (66%).!"*12! Tt is
important to differentiate the entity of abdominal wall pain
related to contractions of the rectus abdominis muscle dur-
ing episodes of vomiting as opposed to visceral abdominal
pain. Abdominal wall pain responds to anesthetic patches,
heat pad applications, and breathing/relaxation techniques.'?
Regardless of GP subtype, abdominal pain appears to be
present in both DMGP (89%) and IDGP (90%),'" but
moderate—severe upper abdominal pain is more prevalent in
IDGP than in DMGP and correlates with other symptoms,
such as nausea/vomiting, bloating, lower abdominal pain,
bowel disturbances, and opiate use (p<0.05).'*° Prokinet-
ics, such as relamorelin’ and prucalopride,®® have not been
shown to improve symptoms of abdominal pain except for a

metoclopramide nasal spray.* The effects of domperidone on
abdominal pain have shown conflicting results with one pro-
spective study showing no improvement*® and another study
reporting positive clinical outcomes.>® Data on symptomatic
improvement with Velusetrag are still pending.®

It is conceivable that due to a lack of symptom control
with traditional medications, patients with DMGP may resort
to the use of narcotics for the alleviation of abdominal pain.
In arecent study of 223 patients (27.8% DMGP, 54.7% IDGP,
and 17.5% other) with delayed GE who were referred to a
tertiary medical center, opioids were used in nearly one-third
of participants, whereas 19.3% of these patients were on
chronic opioids (>1 month). Symptoms of upper abdominal
pain, nausea, vomiting, retching, early satiety, and postpran-
dial fullness were worse in patients on chronic opioids than
in patients who were not on opioids (p<0.05).!* Patients on
chronic opioids also had greater interference with sleep due
to abdominal pain, lower employment rates, fewer work-
ing hours among those employed, and a greater number of
hospitalizations.!? Worsening symptoms of abdominal pain
with opioid use may be multifactorial and due to narcotic
bowel syndrome, opioid-induced constipation, worsening
psychopathology, and addiction.'** In addition, opioids can
further delay GE in patients with GP and lead to worsening
symptoms.'1%121:125

Endoscopic/surgical interventions

In DMGTP, intrapyloric injection of botulinum toxin to the
pylorus has resulted in unconvincing results in terms of
clinical efficacy.!?® However, with the advent of endoscopic
ultrasonography, it is postulated that injection of botulinum
toxin with direct ultrasonographic visualization to the mus-
cularis propria of the pyloric sphincter will lead to better
clinical outcomes.'?"1?® Endoscopic transpyloric stent place-
ment has also been proposed as a salvage therapy and as a
bridge to more permanent therapies, such as gastric electric
stimulation (GES). In a prospective cohort of 30 patients with
refractory GP, 48 transpyloric stents were placed, resulting
in 98% technical and 75% clinical success. Stent migration
was least common (48%) when the stents were sutured to
the gastric wall.'?

Patients with refractory GP may be offered GES if
medical treatment fails. The Enterra GES has been shown
to be effective in clinical practice for patients with DMGP.
Clinical parameters associated with favorable clinical
responses include DMGP rather than IDGP as an indica-
tion, nausea/vomiting as a primary symptom as opposed
to abdominal pain, and the absence of narcotic use prior to
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GES implantation."*® Complications of GES have included
infection (3.9%), device/lead migration (2.7%), and pain
at the implantation site (0.7%)."*! In a prospective cohort
of 151 patients (72 DMGP, 73 IDGP, and 6 others), GES
improved symptoms of nausea, vomiting, loss of appetite,
and early satiety.!*? The longest follow-up study showed
that GES improved symptoms by ~50%; however, 75% of
patients continued to have delayed GE during a follow-up
period of up to 10 years.'** The addition of pyloroplasty was
conceived as an adjunct to GES in order to normalize or
improve GE and further reduce clinical symptoms in drug-
refractory GP. A prospective cohort of 49 patients with GP
(17 DMGP, 9 IDGP, and 23 postsurgical GP) showed that
GE was 64% faster by 4 hours (p<0.001) in patients who
underwent GES+pyloroplasty compared with 7% improve-
ment in patients who underwent GES alone and symptoms
were reduced by >70%.** Simultaneous GES implantation
and Heineke—Mikulicz pyloroplasty have not shown an
increase in morbidity.'3

Laparoscopic pyloroplasty as a first-line treatment in
refractory GP has shown improvement in GE and a reduc-
tion of clinical symptoms. In a prospective cohort of 177
patients, 105 of whom also had a fundoplication for concur-
rent reflux, GE improved or normalized in 90% of patients
with clinical improvement in symptoms of nausea, vomit-
ing, bloating, and abdominal pain.'* Debate continues as to
whether pyloroplasty alone will suffice, or a combination of
GES implantation and pyloroplasty will lead to better clini-
cal outcomes. A double-blind study is under current clinical
investigation to address this question. Due to advancements
of endoscopic techniques, gastric per-oral endoscopic pylo-
romyotomy (G-POEM) is a new nonsurgical treatment option
for refractory GP and may be an alternative to laparoscopic
pyloroplasty (Figure 4). In a prospective cohort of 47 patients
who underwent G-POEM (27 IDGP, 12 DMGP, and 8 post-
surgical GP), preprocedure meal retention at 4 hours was 37%
compared with 20% (p<0.03) after G-POEM.'* In a separate
cohort of 29 patients (15 IDGP, 7 DMGP, 5 postsurgical GP,
and 2 scleroderma), clinical improvement (69%) and GE
normalization (70%) were still present at a 6-month follow-
up.'*® A multicenter prospective study of G-POEM evaluated
30 patients with refractory GP (11 DMGP, 12 post-surgical
GP and 7 IDGP), all of whom had a technically successful
intervention with an average procedure time of 72 minutes.
Two adverse events were reported (one capnoperitoneum and
one prepyloric ulcer), and four patients did not respond to
G-POEM. Most patients (86%) had good clinical response,
and GE improved or normalized in 35% and 47% of patients,
respectively.'* The implementation of EndoFLIP may aid in

patient selection for G-POEM as it can evaluate the pyloric
sphincter compliance or resistance in symptomatic patients
with nausea, vomiting, and delayed GE.!*°

Synthesis of medical and surgical

treatment approaches

We provide a “progress report” of where we are in 2018,
and this is best appreciated in the treatment algorithm
(Figure 5). Since the approval of metoclopramide in 1980,
>35 years have passed with no major therapeutic advances
in prokinetics. Symptom improvement has been achieved
through aggressive antiemetic therapy and, in some cases,
acupuncture. We are now starting to witness a surge in drug
development. In addition, recognition of pyloric dysfunction
as an integral part of the pathophysiology of GP has set the
stage for simultaneous GES implantation with pyloroplasty.
Advances in endoscopic techniques have also allowed for an
alternative to surgical pyloroplasty via endoscopic pyloro-
myotomy. The next decade will see the greatest therapeutic
progress that we have witnessed in GP with the possibility
of prevention and cure.

Expert analysis and concluding

commentary

e Medical therapy should initially be pursued in all patients
with DMGP. New pharmacological agents are rapidly
evolving and are currently approaching the FDA approval
stage. This will provide a “menu” of effective prokinetics.

e Antiemetic therapy is the foundation for gaining initial
symptom control, and the agents available have different
receptor targets in the chemoreceptor trigger zone.
Strategic utilization of these agents alone and in combi-
nation is my recommendation.

e We have increased our knowledge of the pathophysiology
of GP where we have extended beyond the observations of
antral ICC depletion to understanding the unappreciated
crucial role of pyloric damage in the pathophysiology of
DMGP.

e Armed with this new understanding of the pathophysiol-
ogy and specifically targeting the pylorus, we now have
the surgical and endoscopic tools in hand as well as the
clinical outcome data to confidently state that we have
and can continue to successfully overcome GP.

e Certainly, I continue to recommend that medical therapy
should be actively initiated but with knowledge that
when responses are suboptimal, there should be no
hesitation in turning to what I term the “the final solu-
tion” for GP with gastric neurostimulation “combined
with a pyloroplasty”.
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Figure 4 Gastric per-oral endoscopic pyloromyotomy for gastroparesis.

Notes: (A) Injection and submucosal incision performed in the posterolateral part of the antrum, 4 to 5 cm upstream from the pylorus. (B) Tunnel creation by submucosal
dissection (Swift coagulation current, 35 W) using a Triangle Knife (Olympus, Tokyo, Japan). (C) Endoscopic submucosal aspect of the pyloric muscle: “pyloric arch.” (D)
Myotomy of the pyloric and the antral muscular layers. (E) Mucosal access closure using through-the-scope clips. Reprinted from Gastrointestinal Endoscopy. 85(1), Gonzalez
et al, Gastric per-oral endoscopic myotomy with antropyloromyotomy in the treatment of refractory gastroparesis: clinical experience with follow-up and scintigraphic

evaluation (with video), 132—139, Copyright (2017), with permission from Elsevier.
Abbreviation: G-POEM, gastric per-oral endoscopic pyloromyotomy.

Gastroparesis suspected based on clinical symptoms

Negative for obstruction with EGD and/or small
bowel series

Gastric scintigraphy to evaluate for delayed gastric
emptying (GET) with gastric retention >60% at 2
hours and/or >10% at 4 hours

Mild

Less than daily symptoms, no hospitalizations, no
impact on work and family functioning; GET: <20%
gastric retention at 4 hours

Liquid or soft diet (low-fat, low-soluble fiber),
glucose control, restoration of fluids, electrolytes,
antiemetics prn, review of medication and metabolic
state

Figure 5 Treatment algorithm in diabetic gastroparesis.

Exclusion of comorbidities and iatrogenic diseases
mimicking GP (functional dyspepsia, eating
disorders, CVS, rumination syndrome)

Optimization of glucose control in DM patients and
stopping medication affecting gastric emptying for 48
hours

Severe

Daily, continous symptoms, multiple ED/
hospitalizations, and inability to work and function,
GET >35% retention at 4 hours

Diet, combining FDA-approved and investigational

prokinetics, multiple antiemetics, pain modulation

with TCA, try to minimize or stop narcotics, feeding
tube, research trials

Inadequate response to therapy

Gastric electrical stimulation device placement
combined with pylorplasty + J tube placement

Partial/total gastrectomy in postsurgical
symptomatic GP patients

Abbreviations: CVS, cyclic vomiting syndrome; DM, diabetes mellitus; ED, emergency department; EGD, esophagogastroduodenoscopy; FDA, U.S. Food and Drug

Administration; GET, gastric emptying time; GP, gastroparesis; prn, as needed; TCA, tricyclic antidepressants.
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e Now, the focus is on prevention of GP by drilling down to
the molecular level in the smooth muscle. New knowledge
from M1 and M2 macrophages as well as inflammatory
pathways has led to further understanding of how to prevent
ICC depletion and damage to the enteric nervous system.
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