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Abstract: There is an emerging body of research demonstrating clear parallels between the biological
mechanism of weight loss following bariatric surgery, and the pathophysiology of weight loss and
malnutrition following esophagogastric cancer surgery. Recent evidence, both in the context bariatric
surgery, and among patients following esophagogastric cancer surgery, identifies postoperative alterations in
gut hormone signaling as an important mediator of weight loss. Indeed, gut hormone signaling may affect
food intake through a number of distinct pathways, and as such gut hormones may represent as a potential
pharmacologic target for the management of weight loss and malnutrition among patients following
esophagogastric cancer surgery. This narrative review aims to provide the clinician caring for patients with
esophagogastric cancer with an overview of the interplay between the homeostatic and hedonic pathways that
are fundamental to the regulation of eating behavior, as well as how alterations to the secretory patterns of
gut hormones after upper gastrointestinal surgery may influence these pathways causing weight loss. Several
existing pharmacologic therapies that target aberrant gut-brain signaling, thus influencing eating behavior,
are explored. A comprehensive understanding of how changes in the physiologic control of food intake
postoperatively can manifest in altered eating behavior is essential in the clinical management of patients

with weight loss and malnutrition following esophagogastric cancer surgery.

Keywords: Eating behavior; esophagectomy; gastrectomy; bariatric surgery; gut hormones

Received: 08 September 2020; Accepted: 10 December 2020; Published: 25 December 2021.
doi: 10.21037/a0e-20-75
View this article at: http://dx.doi.org/10.21037/ace-20-75

Introduction energy homeostasis in overweight and obese populations,

with gut hormones playing a pivotal role (5,6). Emerging
Globally, metabolic disorders such as obesity and diabetes . . .
evidence from normal weight cohorts undergoing upper GI

have reached epidemic status (1,2). Understanding the
physiological, psychological and social factors that determine
why we eat, what we eat and how much we eat is key in
addressing obesity and its associated co-morbidities (3).
Bariatric surgery has emerged as one of the most effective
therapeutic interventions for metabolic diseases (4), and has
enabled us to deepen our understanding of the mechanisms

through which upper gastrointestinal (GI) surgery may affect
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cancer surgery, among whom weight maintenance is often a
significant nutritional goal, has allowed us to develop a novel
perspective on the changes in weight and eating behavior
seen after surgery (7-9).

Physiologically, food intake is centrally controlled via
complex networks that rely on the brain interpreting,
integrating, and acting on signals of nutritional state and
energy intake and expenditure (10). Achieving energy
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homeostasis involves a feedback loop comprising peripheral
neuroendocrine signals, transmitted from the gut to the
hypothalamus, to convey information about the nutritional
state of the organism as well as nutrient availability. These
afferent pathways are coupled with efferent signals, sent
via vagal and spinal tracts, that modulate both ingestive
behavior and energy expenditure (10-12). However, food
intake is not only determined by homeostatic drivers.
Neurobiological reward mechanisms, responding to
palatable foods, comprise an additional element of control
over nutritional intake, which also involves an integrated
network of neuroendocrine signaling (13). Hedonic
circuitry can override homeostatic signaling, leading to
over-consumption of palatable foods (14). Thus, insights
into the reward mechanisms that drive ingestive behavior
are critical to understanding weight regulation in health and
disease.

The GI tract plays a central role in the maintenance
of energy homeostasis. Signals derived from the gut relay
information regarding nutrient intake to the brain, initiating
a response that manifests as changes in eating behavior. The
interaction of ingested nutrients with the intestinal mucosa
stimulates mucosal enteroendocrine cells to release gut
hormones, which are considered key modulators of hunger
and satiety signaling (11,15,16). A number of satiety gut
hormones have now been identified, including glucagon-
like peptide (GLP-1), peptide YY (PYY) and oxyntomodulin
(OXM) which, when released from the enteroendocrine L
cells, activate neurons in the subcortical areas of the brain to
decrease appetite and increase satiation and satiety (15). In
contrast, ghrelin represents the only known orexigenic gut
hormone, responsible for stimulating hunger during periods
of fasting (17).

Though attractively simple, eating behavior is not merely
determined by oscillation in signals of hunger and satiety.
This reductionist narrative does not acknowledge the role
of food preference, food reward, and motivation to eat,
commonly described as “appetitive” and “consummatory”
behavior. Weight loss following upper GI surgery may
therefore also be mediated by changes in eating behavior,
presenting novel therapeutic targets. Increasing our
mechanistic understanding of these alterations may enable
the development of pharmacologic or nutrition-based
strategies to optimize nutritional status. Bariatric surgery
leads to exaggerated postprandial gut hormone secretion,
including GLP-1, OXM, PYY, cholecystokinin (CCK), as
well as attenuated postprandial pancreatic polypeptide (PP)
secretion, of which GLP-1 and PYY have been studied
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most extensively and are associated with important changes
in food reward, altered eating motivation, and body weight
loss postoperatively (4,15,18-21). More recently, evidence
has accrued reporting parallel findings following upper
GI cancer surgery, with eating behavior amenable to
pharmacologic manipulation (8,9,22-24).

This narrative review aims to explore the physiological
mechanisms that determine eating behavior, discuss
how this behavior is altered following esophagogastric
cancer surgery, and identify pharmacologic therapies that
can influence eating behavior to prevent malnutrition
and mitigate weight loss. GLP-1 and PYY have been
characterized most comprehensively in these contexts and
the review therefore discusses postoperative gut hormone
physiology using these hormones as markers of the
postprandial satiety gut hormone response. The potential
roles of other satiety gut hormones have been discussed in
a previous review, together with other factors involved in
postprandial gut-brain communication, such as bile acids
and gut microbiota (25). The role of hormones signaling
long-term systemic energy balance, such as leptin and
insulin are not discussed herein.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/a0e-20-75).

Review methodology

A search of the recent literature using PubMed was
undertaken using keywords including Eating behavior,
Esophagectomy, Gastrectomy, Bariatric surgery, and Gut
hormones. This yielded 592 results. Relevant studies
identified through this search, as well as studies referenced
in these articles, were reviewed, and 117 are referenced in
this manuscript.

Central determinants of hedonic and
homeostatic food intake

The neural circuitry of the gut-brain axis, can be further
subdivided into homeostatic and hedonic pathways (26). In
the homeostatic pathway, gut hormones relay information
regarding dietary intake and peripheral energy levels to
higher cortical centers of the brain (27). Located in the
hypothalamus, the arcuate nucleus (ARC) is regarded
as a key regulator of eating behavior and food intake
(28,29). The satiety gut hormone GLP-1 partially exerts
its effects via binding to GLP-1 receptors expressed in the
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ARC, which is crucial for mediating the effects of GLP-1
(30,31). Similarly, PYY3-36, one of two active forms of
this hormone, is thought to exert its anorectic actions by
stimulating inhibitory Y2 receptors located on a subset
of ARC neurons expressing neuropeptide Y (NPY) and
agouti-related peptide (AgRP) (32). On the other hand,
receptors for the orexigenic hormone, ghrelin, are also
located on NPY/AgRP (26,27,33). Circulating ghrelin
activates these NPY/AgRP neurons, which, through the
release of AgRP, inhibits melanocortin 3 and 4 receptors,
and proopiomelanocortin cells, ultimately stimulating
food intake (29,34). NPY/AgRP neurons also extend into
adjacent hypothalamic nuclei, namely, the paraventricular
nucleus, the dorsomedial nucleus and the lateral
hypothalamic area, implicating these areas in homeostatic
regulation (27,35,36).

The hedonic pathway, the other main system responsible
for regulating food intake, operates in parallel with
homeostatic signaling. This hedonic pathway is capable
of overriding the nutrient requirements specified by the
homeostatic pathway, and an interplay between both systems
determines our unconscious approach to eating (26,28).
Evidence suggests that the reward pathways of the limbic
system, known to be stimulated by drugs of abuse, converge
with pathways stimulated by highly palatable foods (37).
Drugs of abuse typically increase dopamine signaling from
the ventral tegmental area (VTTA) that projects onto the
nucleus accumbens (NAc). Regardless of their mechanism
of action, these drugs all act upon the reward mechanism
of the VTA-NAc pathway (26,37,38). This pathway has a
clear evolutionary origin, mediating the positive emotional
response to rewards essential to survival such as food and
sex (39). Typically, dopamine release is tonic in nature.
However, in response to salient environmental stimuli, such
as food, a phasic (rapid firing) output of dopamine occurs,
thus a reward cue is generated, drawing attention to the
stimulus (40). The facilitation of behaviors directed towards
returning to this reward primarily exists in the selective
reinforcement of associations between a certain stimulus,
and increased dopamine firing (41).

Crucially, appetitive drive, even towards food, is a
learned behavior (42). In a murine study, mice that were
incapable of producing dopamine, due to the selective
inactivation of tyrosine hydroxylase in dopamine producing
neurons, became profoundly hypophagic (43). In healthy
humans, there is positive correlation between dopamine
production in the dorsal striatum and the degree of pleasure
experienced when eating food (44). In humans and rodents
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with obesity, a reduced availability of striatal D2 receptors
has been observed (40). A study by Volkow ez 4/. using PET
imaging, demonstrated that striatal D2 receptor availability
in subjects with obesity was significantly lower than normal
weight participants (45). It was postulated that reduced
dopamine receptor availability yielded an insufficient reward
in response to a seemingly otherwise sufficient quantity of
food, thus more food must be consumed in order to yield
a desired response. Importantly, we know that modulation
of palatability has a profound impact on perceived food
reward, whereby animals will eat sweet and salty food past
homeostatic requirement (13,28).

Evolutionarily, the ability to consume palatable foods
beyond homeostatic need, allows for consumption when
food is available, generating bodily stores to meet future
requirements during times of environmental nutrient
depletion. In modern Western society, with an abundant
supply of food, our evolutionarily derived reward-signaling
pathways can therefore lead to overeating and obesity (46).
Studies have provided evidence for decreased dopamine
production contributing to an inability to restrain behavior
in drug-addiction, despite a conscious awareness of its
negative effects (47). Similar findings are observed among
individuals with morbid obesity (45). Disruption of D2
receptors in regions of the brain implicated in inhibitory
control, namely the medial orbitofrontal cortex (OFC),
cingulate gyrus and the dorsolateral prefrontal cortex, may
lead to impulsive eating behavior, contributing to overeating
as seen in obesity.

Eating behavior and the gut-brain axis

As outlined in 7able 1, eating behaviour can be divided into
appetitive, or food-seeking, and consummatory behavior.
Although not mutually exclusive, distinguishing between
these aspects is important when attempting to better
understand the relationship between eating behavior and
gut hormone signaling. Hunger, satiation and satiety,
the latter two often erroneously used inter-changeably,
are also defined for clarity. Unperturbed bi-directional
communication between the GI tract and the brain is
necessary for homeostatic maintenance of food intake (49).
Gut hormones are paramount in regulating eating behavior,
exerting their control via vagal afferents or acting directly
on homeostatic brain centers through non-vagal afferents
or the bloodstream (Figure 1) (11,27).

With regards to the regulation of food intake, gut
hormones can be divided into two main classes: orexigenic
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Table 1 Definitions related to eating behavior

Eating behavior Definitions

Appetitive behavior Is a behavior that increases the likelihood of consuming food perceived to be nutritious or decreases that of
consuming potentially dangerous foods (48)

Consummatory behavior  Is a behavior that promotes ingestive
responses to, or prevents ingestion of foods taken into the mouth (48)

Eating behavior May be defined as: meal timing, quantity of food intake, and food preference, all the product of a complex
interplay of
physiologic signaling, psychological, social, and genetic factors (3)

Hunger Is a measurable, subjective impulse of an individual’s requirement to eat (3,18)

Satiation Is the process that terminates an eating episode, beginning when the gut signals fullness or when the person
is satisfied with the amount consumed (18)

Satiety Is the period of time whereby an individual is satisfied they do not require food through the inhibition of
hunger initiating
mechanisms (18)

Arcuate Nucleus

Increased NPY g AgRP % Increased
Appetite and % Neurons | s _l POMC _._> Satiety and Decreased
Food Intake i Food Intake

Fundusof
the Stomach

Enteroendocrine
L-cells of the
small intestine

Figure 1 Gut hormones regulate food intake via the gut-brain axis. Red arrows indicate an inhibitory effect, whereas green arrows indicate
a stimulatory effect. The secretion of satiety hormones, GLP 1 PYY and OXM, inhibit NPY/AgRP neurons in the arcuate nucleus of the
hypothalamus, preventing the inhibition of POMC neurons, leading to increased satiety. Conversely, the appetitive hormone, ghrelin,

activates the NPY/AgRP neurons, which in turn inhibit the POMC neurons, leading to increased appetite.
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(appetite-stimulating, such as ghrelin), and anorexigenic
(satiety-stimulating, such as cholecystokinin (CCK), GLP-1,
PYY, and OXM) (48). Ghrelin, a 28 amino-acid peptide,
is secreted by Gr cells located predominantly in the
gastric fundal mucosa, and stimulates hunger (50). Plasma
concentrations of ghrelin are highest during periods of
fasting, with a rapid postprandial decrease (51). PYY, GLP-1
and OXM are secreted postprandially by enteroendocrine
L-cells, found throughout the small intestine, with higher
concentrations distally (11). Collectively, this latter category
of hormones stimulate satiation following a period of eating
and contribute to the subsequent period of satiety.

A number of studies have now demonstrated exaggerated
postprandial GLP-1 and PYY responses among patients
following upper GI surgery, fueling an interest in
investigating the role of these hormones in mediating
food intake and weight loss in this context (9). GLP-1
is well known as a pleiotropic hormone, with multiple
physiological actions, including inhibition of gastric
emptying and gut motility, reduction of food intake, and
an incretin effect-acting in concert with insulin to mediate
postprandial glucose disposal (16,52-58). In addition to
reducing overall food-intake, high levels of GLP-1 induce a
conditioned taste aversion (CTA), a phenomenon whereby a
learned negative association with a food results in a negative
visceral response to that substance when it is encountered
again (59). This may occur due to nausea in response to
high circulating GLP-1 levels (52,60,61), as well as through
effects on appetite centers in the brain. The mechanism
by which GLP-1 induces CTA appears to be specific to
particular nuclei in the brain, whereby administration of
GLP-1 to both the lateral and 4th ventricles decrease food
intake, but CTA only occurs when GLP-1 is administered
to the lateral ventricle (61). It is worth noting however, that
GLP-1 receptor knockout studies in mice do not produce
an obese phenotype, which indicates an inbuilt redundancy
in appetite regulation and highlights the complex nature
of the physiological control of eating behavior (62,63).
Notwithstanding the inherent nuance in certain contexts,
antagonism of GLP-1 in satiated rats does increase food
intake two-fold, suggesting that targeting GLP-1 may
indeed be sufficient to influence energy balance (64).

Upper Gl surgery, gut hormones and eating
behavior

Bariatric surgery is an effective method of inducing
and sustaining weight loss in patients with obesity (65).
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Roux-en-Y gastric bypass (RYGB) used since 1969 is
recognized as an effective procedure to produce weight
loss, achieving a mean postoperative body weight loss
(BWL) of approximately 25-30% (4,18,19,66). Due to
perceived surgical complexity of the RYGB, vertical sleeve
gastrectomy (VSG) has increased in popularity, yielding
broadly comparable outcomes (67,68).

Until recently, postoperative weight loss after RYGB
and VSG was attributed to malabsorption or gastric
restriction (18), however studies have demonstrated
that these effects are not necessary nor sufficient to
explain the mechanisms underlying the anorexigenic
phenotype postoperatively. It is now well established that
patients post bariatric surgery demonstrate significantly
elevated postprandial levels of GLP-1, PYY, OXM,
CCK, while bile acids are also exaggerated (Figure 2)
(4,9,15,18,19,66,69-72). Patients after RYGB and VSG
typically exhibit greater weight loss when compared to
those undergoing procedures such as gastric band surgery,
with the latter not associated with significant alterations in
satiety gut hormones, albeit that signaling after the band
may be associated with vagal changes (4).

Eating behavior changes after bariatric surgery, with
patients reporting reduced calorie intake, though, interestingly,
food preference has also been reported to shift from calorie-
dense and sweet foods to healthier alternatives (73,74).
Although this finding may be confounded by dietary advice
received by patients post bariatric surgery, namely to improve
diet quality and reduce calorie intake, these findings have
been shown in rodent models (75). Studies are on-going to
elucidate whether this impact on macronutrient preference is
evident post oesophagogastric cancer surgery, where patients
are not asked to follow low-calorie diets postoperatively. The
differential impact of these varying operative approaches may
be explained, at least partially, by variable effects on both
hedonic and homeostatic regulation (19).

Drawing from this bariatric research, the role of
gut hormones as mediators of weight loss following
esophagectomy or gastrectomy for cancer has become
a topic of growing academic interest (8,9,22,23,76).
Like bariatric surgery, these cancer operations involve
major reconstruction of the upper GI tract (Figure 3).
Approximately 33% of recurrence-free esophagectomy
patients demonstrate postoperative BWL of over 15%,
associated with impaired long-term nutritional status and
quality of life (76-82). This unintentional weight loss is
also associated with exaggerated postprandial gut hormone
secretion in the long-term after surgery (9,83).
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Figure 2 Changes in gut hormone signaling after vertical sleeve gastrectomy. There is an alteration to gut hormone expression following

vertical sleeve gastrectomy, a method of bariatric surgery. Red arrows indicate an inhibitory effect, whereas green arrows indicate a

stimulatory effect. Thicker arrows indicate an exaggerated response. Due to resection of the gastric fundus, levels of ghrelin are significantly

reduced, leading to a decrease in hunger. The exaggerated secretion of satiety hormones following surgery leads to increased satiety and

reduced food intake, thus potentiating the effects of reduced ghrelin concentrations.

To summarize, postprandial release of satiety hormones
stimulate satiation and satiety, and an exaggerated pattern is
clearly evident after upper GI surgery (4,19,66,67,72,84,85).
The anorectic effects of upper GI surgery may therefore
be due, in part, to aberrant gut-brain signaling. These data
suggest that postoperative weight loss is more complex
and nuanced than the previously held dogma asserting that
gastric restriction and nutrient malabsorption are solely
responsible. They may also have significant implications
with regards to the mitigation of unintentional weight loss
after esophagogastric surgery.

Bariatric surgery and eating behavior

Patients after bariatric surgery show a reduction in meal
sizes, while some also show a reduction in dietary energy
density, that is, the amount of kilocalories per kilogram
of food (18,86,87). Fat has the largest influence on calorie
intake, given that its energy density is 9 versus 4 kcal/
g for protein or carbohydrate (88). There is evidence
that taste preference is significantly altered following
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bariatric surgery and that these changes correlate with a
reduction in postoperative body mass index (BMI) (89).
A 2-year follow up study by Coluzzi et al., reported that
following laparoscopic sleeve gastrectomy, 75% of patients
displayed a reduced interest and taste for sweets and high-
fat foods (73). A study by le Roux er al., compared dietary
fat intake between two groups of patients, one having
had RYGB and another who underwent vertical-banded
gastroplasty (a procedure associated with no significant
change in postprandial gut hormone signaling) (75). With
no significant difference in percentage of fat intake between
the two groups prior to their respective surgeries, the
RYGB group consumed less fat in their diet compared with
the vertical-banded gastroplasty group, 1- and 6-year post-
surgery. Similarly, data suggest that the reward value of
sweet and fatty foods is diminished in adolescents who have
undergone VSG as an intervention for weight loss (90,91).
This suggests that bariatric procedures such as VSG and
RYGB not only reduce food intake through gut hormone
alterations, but may also alter hedonic eating, shifting
macronutrient selection towards low energy foods.
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Figure 3 Changes in gut hormone signaling after esophagectomy. There is an alteration to gut hormone expression following

oesophagectomy with gastric conduit reconstruction. Red arrows indicate an inhibitory effect, whereas green arrows indicate a stimulatory

effect. Thicker arrows indicate an exaggerated response. There is an exaggerated secretion of satiety hormones following surgery, leading to

increased satiety and reduced food intake via gut brain interactions Although ghrelin concentrations are initially reduced, they often return

to preoperative concentrations.

The relationship between exaggerated GLP-1 secretion
and eating behavior has also been investigated. When
gut hormone secretion is suppressed using a somatostatin
analog in patients post bariatric surgery, motivation to eat
and hedonic signaling increase (20). These results may
implicate GLP-1 as a mediator of macronutrient selection.
Using tMRI, eating behavior was monitored in two cohorts,
one with a history of RYGB and the other, post gastric band
surgery. BOLD changes in reward centers of the brain were
compared between groups in response to food images. In
comparison to the band group, RYGB patients displayed a
decreased activation in several reward centers in response to
high-calorie foods (19).

Fundamentally, the ability of hedonic signaling
to override homeostatically-determined nutritional
requirements may be a causative factor in overeating,
contributing to obesity. Both appetitive and consummatory
behavior are influenced by bariatric surgery, particularly
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RYGB and VSG, and may be important in mediating
postoperative weight loss (6).

Esophagectomy and eating behavior

While weight loss is a common presenting complaint in
esophageal cancer, this is often exacerbated following
resection, and commonly persists even among disease-free
patients (9,76,92,93), with patients are at an increased risk
of malnutrition (76). Prolonged malnutrition in this cohort
can severely impact recovery of health-related quality of
life in survivorship (94). Insights into the mechanisms
underlying weight loss among patients post bariatric surgery
have led to the investigation of whether similar underlying
mechanisms may be responsible for weight loss in patients
undergoing esophagectomy (22).

A study by Koizumi et 4l., explored the role of the
hunger hormone ghrelin in postoperative weight loss after
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esophagectomy. Although there was an initial marked
reduction in circulating ghrelin levels after esophagectomy (95),
levels returned to preoperative concentrations approximately
3 months post-surgery, facilitating the return of hunger.
These findings have been since replicated, with ghrelin
concentrations recovering by 12 months postoperatively in a
prospective study of patients undergoing esophagectomy with
gastric conduit reconstruction (83). Despite often describing a
restored appetite, or specifically hunger, patients often report
that they are unable to finish a meal due to a premature feeling
of “fullness’ or due to significant postprandial symptoms (93,95).
This suggests that anorexigenic, or satiety, hormones may play
a more significant role in long-term postoperative nutritional
impairment in the long term.

In a prospective study by Elliott er al., weight loss, satiety,
and postprandial gut hormone response were analyzed pre-
and postoperatively in patients who underwent uncomplicated
esophagectomy with gastric conduit reconstruction and
pyloroplasty (9). In this study, plasma GLP-1 was measured
before and after a standardized 400-kcal mixed meal challenge
at serial timepoints. Patients displayed progressive weight loss
at 6 weeks and 3 months postoperatively. This correlated with
a significant, exaggerated postprandial increase in plasma levels
of GLP-1 10 days, 6 weeks, and 3 months postoperatively.
The authors noted a relationship between the exaggerated
GLP-1 response and self-reported post-ingestive symptoms,
which were increased following surgery, with 62% reporting
clinically significant symptoms of “dumping syndrome”.
“Dumping syndrome”, a phenomenon that is prevalent
after esophageal surgery (96), can also itself influence eating
behavior by inducing a conditioned food avoidance (59). In this
setting, patients often describe limiting food intake to prevent
or reduce such unwanted post-ingestive symptoms. The
same cohort was subsequently followed until the 12-month
postoperative timepoint, with the exaggerated GLP-1 response
and weight loss persisting, and postprandial hypoglycemia
emerging as another nutritional consequence of esophageal
surgery that could potentially influence eating behavior (83).
These findings may implicate gut hormones as key mediators
of altered eating behavior after esophagectomy.

Gut hormone-targeted interventions to modulate
eating behavior after upper Gl cancer surgery

The discovery that parallel changes in gut hormone
secretion occur in diverse upper GI surgical contexts has led
to the hypothesis that pharmacologic suppression of these
mediators may prevent or mitigate weight loss after upper
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GI cancer surgery. Although manipulation of circulating
ghrelin has been explored, therapeutic benefit to date has
been limited. A randomized placebo controlled phase 11
clinical study by Yamamoto et a/., showed that exogenous
administration of ghrelin prior to a meal stimulated food
intake and attenuated initial postoperative weight loss in
the early postoperative setting (97). However, whether this
translates to improved long-term nutritional outcomes
is yet to be established, while the persistence of reduced
body weight and altered eating behavior despite the
normalization of endogenous ghrelin production during the
first postoperative year suggests that satiety gut hormones
may represent a more viable therapeutic target in this
context.

In this regard, somatostatin is a regulatory peptide
produced by enteroendocrine D cells in the GI tract that
acts to suppress gut hormones in a negative feedback
loop, maintaining homeostasis in appetitive signaling (98).
Therefore, it has been studied as a potential therapeutic
to modulate eating behavior among patients following
esophagectomy. Somatostatin delays gastric emptying
and intestinal transit, and directly suppresses the release
of satiety gut hormones and insulin, while reducing
postprandial splanchnic vasodilation by inhibiting the release
of vasoactive factors (99-108). Theoretically, therefore, its
actions should specifically target and mitigate the spectrum
of symptoms that manifest after esophagectomy, minimizing
the emergence of conditioned avoidance of certain foods. A
variety of somatostatin analogs have, in fact, been studied
in the context of dumping syndrome post gastrectomy,
with varying degrees of success (109-113). In a placebo-
controlled trial, among patients who had undergone gastric
resection, treatment with somatostatin prevented the onset
of early dumping syndrome symptoms following a glucose
provocation test when compared with placebo (110). In
another small study of patients after gastric surgery who
were challenged with a 50% glucose drink, intravenous
somatostatin prevented an increase in pulse rate and the
onset of diarrhea (109). Various placebo-controlled trials
have also demonstrated that long acting octreotide is an
effective treatment in the prevention of early dumping
syndrome symptoms among post-gastrectomy patients
(111-112). Additionally, octreotide has been effective in the
prevention of postprandial hypoglycemia following a high
carbohydrate meal challenge when compared to placebo
after upper GI surgery (112). However, until recently,
studies have not focused on changes in eating behavior or
nutritional status.
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Among post-esophagectomy cohorts given a single
dose of the somatostatin analog octreotide, recent work
highlights a number of key observations. In a randomized
controlled trial, octreotide suppressed gut hormones
among patients post esophagectomy, and led to a four-fold
increase in ad libitum food intake relative to placebo and
to unoperated control patients, in whom the drug had no
effect (8). This increased caloric intake was seen without
any change in postprandial fullness or nausea. Moreover,
in another randomized study of disease-free patients post
esophagectomy, octreotide directly influenced appetitive
behavior with acute gut hormone suppression driving an
increase in motivation to eat (24). Thus, in this context,
attenuating gut hormone release appears to modulate eating
behavior and may serve as a novel therapeutic approach for
longer term treatment.

Limitations and quality of evidence

It is reasonable to conclude that given the early success of
gut hormone-suppressing agents there may be potential for
wider application as part of a multimodal approach towards
nutritional optimization of patients with an exaggerated
gut hormone response. However, it is important to
acknowledge the limitations of the available evidence.
The aforementioned studies only demonstrate the effect
of gut hormone suppression in single meal or short-term
settings (8,20,24). Moreover, sample sizes in studies to
date that explore pharmacologic gut hormone modulation
in these postoperative contexts are small (8,9,24,83).
Notwithstanding, evidence exploring the role of short-term
gut hormone suppression post oesophagogastric surgery are
randomized and placebo-controlled and, as such, generally
of high quality (8,20,24). Ultimately, despite therapeutic
promise, there remains overall a paucity of empirical
evidence regarding the impact of longer-term gut hormone
suppression on eating behavior, nutritional outcomes, and

health-related quality of life.

Conclusion

Upper GI surgery has significant effects on eating behavior.
This may be linked to altered gut-brain axis signaling
postoperatively, acting via both homeostatic and hedonic
pathways. In the setting of esophageal cancer surgery
specifically, the significant burden of malnutrition and
associated quality of life impact may be ameliorated by
suppressing the exaggerated gut hormone signaling to

© Annals of Esophagus. All rights reserved.
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improve eating behavior. Eating behavior encapsulates
appetitive behavior and macronutrient selection, as
well as meal size and frequency. Given the role of gut
hormones in not only satiation and satiety, but also in
the pathophysiology of post-ingestive symptoms, which
may drive food selection and conditioned taste aversion,
targeting gut hormones may restore appropriate eating
behavior through several pathways. Critically, therapeutic
approaches in future should recognize the distinct aspects
of eating behavior, which will enable appropriate targeting
of therapy to patients based on individual deficits. Taking a
more nuanced view of energy intake determinants, beyond
the homeostatic drivers, that incorporates hedonic factors
will aid the investigation and development of promising
therapies. Moreover, understanding how emerging
therapies with narrower spectra of gut hormone suppression
affect eating behavior in this context may enable targeting
of treatment based on the specific alterations seen in
individuals postoperatively.

In conclusion, gut hormone directed therapeutics may
represent a novel strategy for the optimization of nutritional
status following esophagogastric surgery. Further studies
should assess the long-term impact of gut hormone
modulation on nutrition and health-related quality of life
among patients with nutritional compromise following
esophagogastric surgery.
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