Leading article

Actionable biomarkers: the key to
resolving disorders of
gastrointestinal function

Michael Camilleri

INTRODUCTION

A valid biomarker is defined as ‘a charac-
teristic that is measured and evaluated as an
indicator of normal biological processes,
pathogenic processes or pharmacological
responses to a therapeutic intervention”.'
The advent and validation of biomarkers
based on identification of organic mech-
anisms, pathogenesis or pathophysiology
have the potential to introduce individ-
ualisation in management of disorders
of lower gastrointestinal function. An
actionable biomarker is a biomarker that
is associated with a directed treatment to
prevent or reverse symptoms or disease,
and this has resulted in a paradigm shift
in oncological treatment from a tumour
type-focussed approach to a molecularly-
directed agnostic one, exploring the
role of biological agents targeted to the
driver genomic alteration irrespective
of the cancer histology.? Such actionable
biomarkers have been introduced in func-
tional lower gastrointestinal disorders.’®
Importantly, this approach also provides
opportunity to provide patients with
personalised approach to treatment.

This article highlights the diverse
methods to identify the organic pathogen-
esis (figure 1) and to choose treatments
based on approved treatments, off-label
treatment with approved medications or,
in the future, experimental medications.
The a priori criteria for inclusion was
based on the evidence of pathobiolog-
ical relevance, extensive data on normal
values, performance characteristics of
the biomarker, availability of treatment
directed to the biomarker, as well as
evidence of efficacy of treatment directed
at the specific biomarker. For example,
the normal value data in adults for cited
measurements are based on the following
numbers: gastric emptying (319 (214
females, 105 males));* colonic transit (220
(145 females, 75 males); * colonic compli-
ance (n = 40);° anorectal manometry
with normal balloon expulsion (143 (96
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females and 47 males));” gastric accommo-
dation (354 (230 females, 120 males));®
48 hours faecal bile acid excretion (96 (60
females and 36 males))’ and serum 7a.C4
for bile acid diarrhoea (184 (110 female,
74 male)).'? Some biomarkers were
considered, but excluded from extensive
discussion, as they did not fulfil all these
criteria: intestinal permeability, micro-
biome, duodenal eosinophilia, colonic
mast cell infiltration and cytotoxic lethal
binding toxin and vinculin assays in IBS.

ACTIONABLE BIOMARKERS IN LOWER
GASTROINTESTINAL DISORDERS
Constipation and rectal evacuation
disorders

Mechanisms

Among patients with constipation, it is
critically important to evaluate the patient
for evacuation disorders.'! In a review
of articles on chronic constipation cited
in MEDLINE and PubMed databases
from 1999 to 2018 that included a total
of 5897 patients with chronic idiopathic
constipation in the literature, 22% had
slow transit constipation, 39% had normal
transit constipation and 39% had rectal
evacuation disorders."?

Diagnosis and the utility of actionable
biomarkers

Predictive factors in identifying rectal
evacuation disorders among patients
with chronic idiopathic constipation are:
the coexistence of urinary symptoms,
the presence of poor anal relaxation and
increased anal squeeze on digital rectal
examination and, on anorectal testing,
a rectoanal pressure gradient lower
than —40mm Hg, high anal pressure on
straining and a balloon expulsion time
of greater than 120s.'* There are robust
normal data on anorectal function based
on high-resolution manometry.”

Recent studies have identified additional
useful biomarkers. First, measurement of
the rectal gas volume or area between the
upper border of the symphysis pubis and
the lower margins of the sacroiliac joints
on CT or on a plain abdominal radio-
graph indicates likelihood of evacuation
disorders." If this area exceeds 900 mm?,

there is a 70% likelihood that the patient
has a rectal evacuation disorder, based on
comparisons of 65 patients with rectal
evacuation disorder and 53 patients with
chronic constipation without evacuation
disorders.'* Second, the optimal combi-
nation of sensitivity and specificity of the
time-based balloon expulsion test is 22s
(respectively, 77.8% and 69.8%); whereas,
60s expulsion time is associated with high
specificity (93%), but relatively low sensi-
tivity (39%)." Third, the morphology of
air in the distal rectum and anal canal on a
sagittal image of the CT scan of the pelvis
can provide evidence of a rat-tail sign'®
of ‘anal achalasia’, first recognised by Sir
Arthur Hurst in 1925. Fourth, there are
differences in the colonic transit profile,
with markers retained in the descending,
sigmoid and rectum in patients with
rectal evacuation disorders, in contrast
to the ascending and transverse colon in
patients with slow transit constipation.!”
Colonic transit based on scintigraphy is
used to identify slow transit constipation
or fast transit diarrhoea based on cut-offs
at 24 hours of geometric center <2.1and
>3.8, respectively, in a study of 287
patients with lower functional gastrointes-
tinal disorders.'® Stool burden on abdom-
inal radiograph has also been recently
proposed as a useful surrogate for slow
transit constipation.'’

Management based on biomarkers of bowel
dysfunction

Multiple individual studies (for example,
references’®2%) have demonstrated the
benefit of biofeedback-based therapy
compared with sham feedback and stan-
dard therapy for dyssynergic defecation.
Although the majority of 17 trials were
deemed to be of poor methodological
quality and subject to bias, a system-
atic review and meta-analysis confirmed
effectiveness of biofeedback therapy,”
and more recent analysis demonstrated
major symptom improvement in 70%
to 80% of patients undergoing biofeed-
back therapy, with superiority over poly-
ethylene glycol laxatives, diazepam or
sham therapy.”* Long-term studies have
shown 55% to 82% of patients main-
tain symptom improvement.” Rao et al
recently reported equivalence of efficacy
between office-based, therapist-guided
pelvic floor training for six sessions over
3 months (visits every 2 weeks) and home-
based biofeedback, which consisted of
20 min, self-training sessions twice per day
with a self-inserted probe and a hand-held
monitoring device of anal sphincter pres-
sure and push effort.*®
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Figure 1

Several medications have been shown
to normalise colonic transit in functional
disorders associated with constipation
or diarrhoea, and these results correctly
predicted efficacy of the same medica-
tions in phase 2B and phase 3 trials (as
summarised elsewhere?).

Acquired chronic megacolon in
adulthood

Diagnosis

Acquired megacolon is a condition
involving persistent dilatation and length-
ening of the colon in the absence of
organic disease. Although relatively rare
in adults, particularly in those without a
family history or Hirschsprung disease,
it is important to identify this condition
in clinical practice because its manage-
ment differs from that of chronic idio-
pathic constipation. Histological analysis
in resected colons showed variable,
non-pathognomonic results in different
reports,”’” although immunohistochemical
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studies provide some mechanistic infor-
mation, suggesting increased excitatory
(AChE) and decreased inhibitory (VIP
and nitric oxide) innervation.?® % Investi-
gations of genetic mechanisms have been
inconclusive to date;*° 3! hence, preoper-
ative actionable biomarkers are unavail-
able, and diagnosis is usually based on
exclusion of organic disease and a radio-
logical sigmoid diameter of ~10 cm.’

In a series of 24 patients evaluated
over 20 years at Mayo Clinic,® the mean
maximal colonic diameter on abdominal
X-ray was 12.7+0.8cm, and aetiology
was idiopathic in 16 and secondary in 8
patients. It is important to note that 10/24
patients had comorbid pelvic floor dyssyn-
ergia that required treatment; in addi-
tion, conservative treatment was typically
ineffective and, therefore, patients were
candidates for laparoscopic colectomy
with ileorectal anastomosis. The decision
to pursue this surgical treatment has to
be based on firm diagnostic criteria. The

24h

sigmoid colon diameter cut-off of >10cm
on radiological imaging is based on three
studies which showed SD ranging from
2 to 3.5cm. If sigmoid colon diameter
is <10cm, colonic compliance measure-
ments with an infinitely compliant
balloon can identify chronic acquired
megacolon®® if the balloon volumes at
pressures of 20, 32 and 44 mm Hg disten-
sion exceed 273.5, 355.0 and 397.6mL,
respectively.

Management

Patients with megacolon may require
colectomy if they do not respond to
medical therapy; at the time of the report
of 24 adult patients with acquired mega-
colon, 16 patients required colectomy
for symptom relief.® This experience is
similar to the observed colectomy in five
of seven patients with megacolon associ-
ated with multiple endocrine neoplasia
type 2B.>3°
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Bile acid imbalance in patients
presenting with functional diarrhoea or
constipation

Bile acid diarrhoea

Mechanisms

The effect of bile acids to increase
colonic motility and secretion has been
discussed elsewhere.’* Among patients
presenting with functional diarrhoea, a
systematic review and meta-analysis esti-
mated that 25% to 33% of patients had
bile acid malabsorption,™ and patients
with evidence of bile acid diarrhoea on
75SeHCAT test had great likelihood of
responding to a bile acid sequestrant,
specifically, cholestyramine.’® In patients
with bile acid malabsorption based on
7°SeHCAT retention test, there was
>75% likelihood to respond to treat-
ment with a bile acid sequestrant such as
cholestyramine.>

Diagnosis

Advances in the understanding of the
mechanisms leading to bile acid diarrhoea
have provided novel approaches for diag-
nosis, specifically serological tests (reduced
fasting serum FGF-19 and increased fasting
serum 70.C4).77 3 The sensitivity and
specificity of these tests are lower than the
gold standard 7SeHCAT retention test”
or the total 48 hours faecal bile acid excre-
tion test.*” Therefore, based on consensus
guidelines, measurements of *SeHCAT
retention test or serum 70.C4*' % or, based
on original data in the USA, measure-
ments of total and individual faecal bile
acids collected over 48 hours®* * are the
most direct ways to identify bile acid diar-
rhoea among patients with chronic diar-
rhoea or diarrhoea-predominant irritable
bowel syndrome. For the faecal bile acid
test, three measurements have similar
diagnostic accuracy: total faecal bile acids
over 48 hours >2337umol, faecal primary
bile acids (cholic acid (CA)+chenodeoxy-
cholicacid (CDCA)) >10% or combined
total faecal bile acids over 48hours
>1000umol plus >49% faecal primary
bile acids (CA+CDCA).** * The appli-
cation of such tests in clinical evaluation
of patients with chronic non-bloody diar-
rhoea can significantly reduce healthcare
utilisation,** +*

The alternative approach advocated
in patients with suspected bile acid diar-
rhoea®® is a therapeutic trial with bile acid
sequestrants. However, the precise dose,
frequency of administration, duration of
treatment for the different sequestrants
and the degree of response to confi-
dently diagnose bile acid diarrhoea are
unclear. In practice, the unpalatability

of the sequestrants is often associated
with low compliance and interferes with
the ‘diagnostic therapeutic trial’. In fact,
the Canadian Association of Gastro-
enterology? and the British Society of
Gastroenterology*! guidance documents
recommended diagnostic testing over such
a ‘diagnostic therapeutic trial” approach.

Treatment

Identifying bile acid diarrhoea among
patients with chronic functional diarrhoea
provides the opportunity to specifically
treat the diarrhoea with bile acid seques-
trants such as colesevelam or colestipol,*”**
or with farnesoid X receptor agonists such
as obeticholic acid or tropifexor.* *

Bile acids in constipation

Mechanisms

Bile acids are physiological laxatives. A
study in IBS-constipation (IBS-C) showed
that ~15% of patients with IBS-C had
reduced 48hours faecal total bile acids
and deoxycholic acid, which correlated
with slower colonic transit.”!

Diagnosis

Although this has not yet entered routine
clinical practice, reduced total and primary
faecal bile acids and increased faecal litho-
cholic acid were significant predictors of
decreased faecal weight, frequency and
consistency with area under the curve
>0.82 (sensitivity >76%, specificity
>729%).°" Among 45 patients with IBS-C,
15% had reduced total bile acids and
level of deoxycholic acid in faecal samples
collected over 48 hours on a 100 g fat diet,
and lower levels of excretion of bile acids
into faeces correlated with slower colonic
transit.”!

Treatment

Administration of a colonic release formu-
lation of chenodeoxycholic acid was asso-
ciated with acceleration of colonic transit,
looser stool consistency, increased stool
frequency and greater ease of passage in
female patients with IBS-C.’* Increasing
colonic bile acids to relieve constipa-
tion was achieved with the ileal bile acid
transport inhibitor, elobixibat, which
accelerated colonic transit®® and relieved
constipation in a 2-week, randomised,
placebo-controlled trial and during
52-week, open-label treatment.’* Treat-
ment with elobixibat in 19 patients with
chronic constipation was associated with
increased fasting serum C4, increased
total and primary faecal bile acids, as well
as improvement in the number of sponta-
neous and complete spontaneous bowel

movements, stool consistency scores and
other constipation-related symptoms to
levels almost comparable to those of a
control healthy subject cohort studied
simultaneously.”

Sensible application of low fermentable
oligo-, di-, mono-saccharides and

polyols in diet of patients with
symptoms of irritable bowel syndrome
Mechanisms

Much has been written about the poten-
tial of low fermentableoligo-, di-, mono-
saccharides and polyols (FODMAPs) in
the diet of patients with symptoms of
irritable bowel syndrome. Indeed, the
National Institute of Clinical Excellence
in the UK has strongly recommended
diet and, specifically, the low FODMAP
diet as the first line of management of
patients with irritable bowel syndrome,
particularly those with diarrhoea or
bloating. Information from rats fed with
a high FODMAP diet showed increased
rat faecal Gram-negative bacteria and
elevated lipopolysaccharides (LPS), and
there was induced intestinal pathology
as indicated by inflammation, barrier
dysfunction and visceral hypersensi-
tivity.’® These effects were prevented
by rifaximin treatment, suggesting that
FODMAPs may induce their effects
through gut dysbiosis. Table 1 addresses
the question: Is the FODMAP hypothesis
biologically plausible?

Oligosaccharides of the fructan and
galactan groups cannot be metabolised
and, therefore, could result in fermen-
tation, production of gas and abdominal
symptoms. Among disaccharides, the
most prevalent intolerance is hypolac-
tasia and, given the high global popula-
tion prevalence (approximately 65% of
the human population),’” avoidance of
lactose is a logical strategy. Neverthe-
less, when lactose intake is limited to the
equivalent of 240mL of milk or less a
day, symptoms are negligible and the use
of lactose-digestive aids unnecessary.’®
Moreover, yoghurt is an auto-digesting
source of lactose and results in changes
in breath hydrogen after ingestion
of lactose or milk in lactase-deficient
people.”’

Sugar alcohols and polyols are most
frequently ingested in artificially sweet-
ened drinks, and alternative sweeteners
such as aspartame, sucrose and saccharin
may provide approaches to relieve diar-
rhoea and bloating in patients who
experience these symptoms with inges-
tion of drinks containing these artificial
sweeteners.
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Table 1

Is the FODMAP hypothesis biologically plausible?

Factor

Evidence

Plausible?

Strategy

Oligosaccharides: fructans (polymer of fructose
molecules) and galacto-oligosaccharides (galactans)

Disaccharides

Monosaccharides

No enzyme to digest fructose-fructose bonds —  +

Onions, garlic are common dietary causes of

fermentation abdominal symptoms

Lactose intolerance SPECIFIC Diagnosis  SPECIFIC Rx: Lactase supplements; limit lactose
loads

Human small bowel has considerable capacity =~ NONE Irrelevant

and reserve to absorb for example, glucose and

fructose

Osmotically active — diarrhoea + AVOID artificially sweetened drinks; use

Polyols (sugar alcohols: maltitol, xylitol, erythritol,
sorbitol)

alternatives such as aspartame, sucralose,
saccharin

FODMAP, fermentable oligo-, di-, mono-saccharides and polyols.

Diagnosis

From a clinical and mechanistic perspec-
tive, it is also important to address
whether the breath tests most commonly
used to ‘diagnose’ saccharide intolerance
are sufficiently specific, not in terms of
test performance and reproducibility, but
in relation to the actual cause of the func-
tional gastrointestinal symptoms. This
is illustrated by the major controversy
that revolves around the role of fructose
malabsorption in the aetiology of the
symptoms. The syndrome of hereditary
fructose intolerance associated with aldo-
lase B deficiency is a rare autosomal reces-
sive disorder that is seldom the cause of
such abdominal symptoms.®® In contrast,
abdominal symptoms are often attributed
to fructose intolerance based on fructose
breath hydrogen testing. Classical human
physiology studies have demonstrated
great capacity of the human small intestine
to absorb monosaccharides and disaccha-
rides; thus, glucose and lactose absorption
is completed in the first 200cm of the
human small bowel,*! and absorption of
glucose is only marginally more efficient
than the absorption of fructose in health
and in celiac disease,®* * since the GLUT-2
transporter uptake of fructose is facilitated
by the presence of glucose, galactose and
certain amino acids (alanine, proline,
glutamine).

Moreover, ingestion of fructose in the
diet usually occurs with other foods (eg,
fruit or a solid meal) which may retard the
emptying of fructose into the small intes-
tine. Indeed, a comparison of fructose
and high fructose corn syrup in health
and irritable bowel syndrome showed
that breath hydrogen curves after fruc-
tose were modestly different between
controls and patients with irritable bowel
syndrome, and breath hydrogen excretion
in the presence of high fructose corn syrup
was markedly reduced in both groups.**
In addition, glucose dose-dependently
enhanced absorption of fructose, reducing
hydrogen in breath.®® These perspectives

led to the recommendation for the more
personalised approach to dietary restric-
tion, such as avoidance of individual
carbohydrates rather than exclusion of
all FODMAPs.®® In fact, in a placebo-
controlled study of patients with IBS, a
low FODMAP diet was associated with
adequate symptom relief and significantly
reduced symptom scores compared with
placebo. However, the authors concluded
that it was not clear whether changes
resulted from collective FODMARP restric-
tion or removal of a single component
such as lactose.®”

Given the potential confounders in
the interpretation of breath hydrogen or
methane excretion in response to such
substrates in the absence of concomitant
measurement of oro-cecal transit by scin-
tigraphy,®® © a MRI biomarker has been
developed that is capable of assessing
intestinal and colonic secretory effects and
volume changes non-invasively.”” 7' This
approach requires further validation since
colonic volumes may not correlate with
other beneficial effects of a low FODMAP
diet.”

Treatment

An analysis of the literature confirmed that
a low FODMAP diet leads to profound
changes in the microbiota and metabo-
lome; however, it was concluded that the
duration and clinical relevance of those
changes are as yet unknown.” 7 Due to
the heterogeneity of reviewed studies,
the influence on patients' gut microbiome
composition and/or microbiota metab-
olites requires additional studies and,
despite the microbial changes, there was
no measurable effect of a low FODMAP
diet on colonic volume in humans.”!

Other candidate biomarkers

Candidate biomarkers that have been
proposed in functional lower gastroin-
testinal disorders are cytotoxic lethal
binding toxin and vinculin assays, mast

cell infiltration and intestinal permeability.
However, these fall short of the criteria
for inclusion. Thus, the pathobiological
mechanism(s) that results in symptoms
in patients with positive cytotoxic lethal
binding toxin and vinculin assays in asso-
ciation with IBS is still unclear, and there
is no treatment directed to the toxin or
vinculin that reverses IBS. While mast cell
infiltration in proximity to nerves may
be associated with afferent dysfunction
or IBS, there is no evidence of increased
infiltration or altered localisation of mast
cells in the colonic mucosa of patients
with IBS.” Positive correlations between
mast cells and symptoms were docu-
mented in 6 of 30 studies in a systematic
review.”® A systematic review and meta-
analysis concluded that changes in mast
cell numbers are segmental, sometimes
IBS-subtype dependent, and the diagnostic
value of the quantification of colonic
mucosal cells in IBS requires further inves-
tigation.”” Finally, a pilot study demon-
strated efficacy of a mast cell stabiliser in
IBS, but there was no placebo or active
control treatment arm in the study.”®

With regard to intestinal permeability,
there was evidence of abnormal permea-
bility in IBS (summarised in reference”),
and a controlled trial of glutamine
suggested potential for clinical and mech-
anistic benefits;*® however, the method-
ology for measurement of intestinal and
colonic permeability in vivo in humans
and the pathobiological significance of in
vitro measurements of intestinal permea-
bility are still incompletely resolved.®!

The potential roles of the microbiome
or metabolomics as biomarkers in lower
functional gastrointestinal disorders are
still unclear, based on systematic reviews
and meta-analyses, given the inconsistent
data across studies, the inability to identify
a microbial signature even in the extremes
of phenotype (diarrhoea vs constipa-
tion),* the lack of clear pathobiological
mechanism(s) and the inconsistent efficacy
of faecal microbial transplantation.®’
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Functional upper gastrointestinal
symptoms: identify actionable
biomarkers suggestive of organic
mechanisms

In the upper gastrointestinal tract, the
predominant  actionable  biomarkers
are gastric emptying, accommodation
and sensation. Among almost 1300
patients with upper gastrointestinal
symptoms, which included 108 with
diabetes mellitus,** * we demonstrated
equal proportions with abnormal gastric
emptying, impaired gastric accommoda-
tion, both, or neither, suggesting increased
sensation.

Diagnosis

With regard to gastric emptying, it is
important to note that an optimal gastric
emptying test, typically 4hour measure-
ment by scintigraphy, is essential. Normal
values and performance characteristics of
the scintigraphic test have been published.*

An optimally measured gastric emptying
result was associated with nausea, vomiting
and bloating,*® and there was a significant
relationship between the improvement in
gastric emptying and the improvement in
symptoms on a meta-regression analysis.
The slope of the analysis showed that
one unit change in symptoms severity
(based on standardised mean difference)
was associated with a change in gastric
emptying T , of 20.4 min.*”  Unfortu-
nately, many studies reported in the litera-
ture had used measurements over 2 hours,
which may not be sufficient to appraise the
relationship between gastric emptying and
symptoms. Alternative valid approaches
to measure gastric emptying are stable
isotope-based gastric emptying tests that
have the advantage of standardisation and
centralised measurements, and are, there-
fore, applicable particularly in multicentre
trials. For emptying of solids, the usual
stable isotopes used are C-spirulina (a

protein derived from a blue-green alga)®®
and "C-octanoate (a medium chain
triglyceride),” both of which are easily
digested and rapidly absorbed in the upper
intestine, metabolised and excreted from
the lungs as 13COZ, and therefore the rate-
limiting step for breath excretion is the
rate of gastric emptying. Special attention
should be given to the face value of the
results (calculated lag time and T ,)
the mathematical formula used to derive
these summary results.”

In our studies, gastric accommodation
was measured using SPECT imaging,”’
which unfortunately is not widely avail-
able. Other centres use an intragastric
barostat or intraluminal high-resolution
manometry to measure gastric accom-
modation.”? ** However, a nutrient drink
test is a surrogate for gastric accommo-
dation and increased sensation;’* thus, a
maximum tolerated volume of less than
about 750 kilocalories is significantly

and

Table 2  Actionable biomarkers in lower and upper functional gastrointestinal disorders

Cases Controls +
Biomarker (N) (N) Cut-offs Sn Sp PPV NPV LR -LR Ref. #
Rectal evacuation disorder
Digital rectal exam (DRE) 390 72 >2 findings on DRE 83.9 68.1 49 92.8 2.6 0.2 12
Anorectal manometry: rectoanal 74 30 <-40 mm Hg 324 100 100 85.5 >10 0.7 108
pressure gradient
Balloon expulsion test 74 202 22s 77.8 69.8 39.2 92.6 2.6 0.3 15
Rectal gas volume 65 53 >20mL 38.1 89.1 46.6 85.2 35 0.7 14
Rectal area on scout film 65 53 >900 mm? 395 73.8 274 83.0 15 0.8 14
Slow transit constipation
Stool burden score on abdominal 145 216 >7 86.9 54.5 27.1 95.5 1.9 0.2 19
X-ray
Colonic transit with scintigraphy ~ RED:390 211 Geometric centre 82 65 313 94.9 2.4 0.3 17
STC: 61 48hours <2.1
Fast transit diarrhoea
Colonic transit with scintigraphy 139 170 Geometric centre at 31.6 87.2 215 91.9 25 0.8 18
24hours >3.8
Bile acid diarrhoea
75SeHCAT 26 33 3-day retention: 34% 100 94 33 77 1.7 0.9 109
48 hours faecal bile acid 64 30 Primary BA >4% 46 97 83.6 84.3 15.3 0.5 43
+ total BA >1000
umol/48 hours
FGF-19 7 23 <61.7 pg/mL 29 83 29 78 13 0.9 40
7aC4 7 23 >52.5ng/mL 29 78 33 79 1.7 0.8 40
Carbohydrate maldigestion
Fructose breath test 108 185 Peak rise in breath H, 98 86 26.9 99.9 7.0 0.02 110
>20 ppm
Lactose breath test Total subjects: 41 Peak rise in breath 80 100 100 98.9 o0 0.2 11
hydrogen >20 pL/L
Upper GI motor dysfunctions
Gastric emptying solids at 4hour 10 25 >25% retention 100 70 6.4 100 33 0 112
with scintigraphy
Gastric accommodation with 32 20 PP/fasting ratio >3.0 40.6 95 52.5 92.1 8.1 0.6 113
SPECT

BA, bile acids; IBS-D, irritable bowel syndrome-diarrhoea; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; RED, rectal evacuation disorder; Sn,

sensitivity; Sp, specificity; STC, slow transit constipation.
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correlated with impairment of gastric
accommodation measured by an intragas-
tric balloon and could serve as a biomarker
for accommodation and sensation. Recent
attempts to use two-dimensional imaging
to estimate gastric accommodation require
further validation.”~”

Treatment

Treatment of functional upper gastro-
intestinal symptoms should be based
on identification of the actionable
biomarkers discussed under ‘Diagnosis’.
For example, in a randomised, placebo-
controlled, cross-over study of 4 weeks
duration with a 2-week washout period
in between each treatment arm, the
5-HT, receptor agonist, prucalopride,
was shown to improve symptom control
as well as gastric emptying in 28 patients
with idiopathic gastroparesis (seven men,
age 42.3+2.6 years) and six patients with
diabetes (one man).”® Similarly, another
5-HT, receptor agonist, velusetrag, was
efficacious in the treatment of diabetic or
idiopathic gastroparesis.”

The pentapeptide ghrelin agonist,
relamorelin, has been shown to accelerate
gastric emptying measured by scintigraphy
in both type 1 and type 2 diabetes'®® and,
in addition, it demonstrated substantial
improvement in gastric emptying as well
as core diabetic gastroparesis symptoms
individually, using a composite total score
in a phase 2b trial.!!

For impaired gastric accommodation,
several medications have been associated
with enhancement of postprandial gastric
relaxation and relief of symptoms in
patients with functional dyspepsia: buspi-
rone'” and acotiamide.'®®

For increased gastric sensation, the
dopamine D2 and D3 antagonist, TAK506,
significantly increased the volume to full-
ness compared with baseline with 1week
of treatment.'® The NK-1 receptor antag-
onist, aprepitant, improved multiple
symptoms of gastroparesis including
nausea,'” and aprepitant has been shown
to enhance gastric accommodation rather
than affect gastric emptying.'% Similarly,
tradipitant, a novel NK-1 receptor antago-
nist, improved nausea and other symptoms
of gastroparesis in a 4-week, randomised,
controlled trial.'"’”

SUMMARY OF THE VALIDATION OF
PROPOSED BIOMARKERS

Table 2 provides a summary of the
sensitivity, specificity, positive predic-
tive value, negative predictive value and
positive and negative likelihood ratios
for the commonly available actionable

biomarkers in lower and upper functional
gastrointestinal disorders discussed in this
article,12 1415 17-1940 43 108113 [ 4o o e
to note the almost uniform high specificity
of the biomarkers listed, all of which are
actionable in accordance with the criteria
used in this article.

CONCLUSION

The impact of approved and experimental
medications for functional disorders of
the upper and lower gastrointestinal tract
is enhanced by the development and vali-
dation of actionable biomarkers that facil-
itate individualisation of treatment based
on phenotype. Although there have been
advances, it is important to acknowledge
the fact that there is high specificity of
many of these biomarkers, but sensitivity
and positive likelihood ratios are not yet
ideal since the average sensitivity of the
biomarkers in table 1 is 60% and the
average positive likelihood ratio is 5.04.
Thus, more work is required in this field
to continue to validate biomarkers that are
directly related to the pathophysiology,
building on the treatise provided in this
article.
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