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Abstract

Nausea and/or vomiting are aversive gastrointestinal
(GI) symptoms. Nausea and vomiting manifest
unconditionally after a nauseogenic experience. However,
there is correlative, quasiexperimental and experimental
evidence that nausea and vomiting can also be learned
via classical (Pavlovian) conditioning and might occur
in anticipation of the nauseogenic event. Classical
conditioning of nausea can develop with chemotherapy
in cancer patients. Initially, nausea and vomiting occur
during and after the administration of cytotoxic drugs
(post-treatment nausea and vomiting) as unconditioned
responses (UR). In addition, 20%-30% of cancer patients
receiving chemotherapy report these side effects, despite
antiemetic medication, when being re-exposed to the
stimuli that usually signal the chemotherapy session and
its drug infusion. These symptoms are called anticipatory
nausea (AN) and/or anticipatory vomiting (ANV) and
are explained by classical conditioning. Moreover,
there is recent evidence for the assumption that post-
chemotherapy nausea is at least partly influenced by
learning. After summarizing the relevant assumptions
of the conditioning model, revealing that a context
can become a conditioned stimulus (CS), the present
paper summarizes data that nausea and/or vomiting is
acquired by classical conditioning and, consequently,
may be alleviated by conditioning techniques. Our own
research has focussed on two aspects and is emphasized
here. First, a conditioned nausea model was established
in healthy humans using body rotation as the nausea-
inducing treatment. The validity of this motion-sickness
model to examine conditioning mechanisms in the
acquisition and alleviation of conditioned nausea and
associated endocrine and immunological responses is
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summarized. Results from the rotation-induced motion
sickness model showed that gender is an important
moderator variable to be considered in further studies.
This paper concludes with a review of the application of
the demonstrated conditioning principles as interventions
to ameliorate distressing AN/ANV in cancer patients
undergoing chemotherapy, which is the second focus of
our work.
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INTRODUCTION

Nausea and/or vomiting are aversive symptoms of the
gastrointestinal (GI) system. In the present paper, we
review the empirical evidence that nausea and vomiting
can be acquired by classical (Pavlovian) conditioning and
consequently can be prevented or reduced by means of
classical conditioning. With regard to basic research, we
will summarize data showing that a context contingently
paired with the experience of nausea will become a
conditioned stimulus (CS) for inducing nausea. The clinical
petrspective is on how symptoms such as nausea during
motion sickness and anticipatory nausea in cancer patients
are acquired by classical conditioning and consequently
prevented vzz conditioning techniques.

Nausea is a "subjective, unpleasant feeling that may
signal imminent vomiting. Nausea is accompanied by
changes in autonomic nervous system activity, particulatly
parasympathetic activity, diminished gastric tone, reduced
petistalsis and retrograde petistalsis, and retrograde duodenal
peristalsis.”" Vomiting is the "forceful emptying of the gastric
contents through the sustained action of abdominal muscles
and the opening of the gastric cardial'l."

Nausea and vomiting occur under a variety of conditions,
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are regarded by patients as the most aversive side-effects
of cancer treatment. Experiencing these side-effects might
result in treatment drop-outs?. Referting to recent studies,
Bovbjerg® pointed out that in the absence of prophylactic
antiemetic therapy, the percentage of patients experiencing
vomiting after their first chemotherapy would reach 90%.
Despite modern antiemetic treatment, about 25% to 30%
of chemotherapy patients report these side-effects even
ptior to a subsequent infusion upon being re-exposed to
the stimuli that usually signal the drugs' infusion*®. These
symptoms ate called anticipatory nausea (AN) and/or
anticipatory vomiting (ANV).

The aim of the present paper is to address the question
of whether AN, ANV and related symptoms, as well as
associated endocrine and immunological responses, are
acquired by classical conditioning. In addition, we studied
how conditioning techniques might be used to alleviate
AN and ANV responses in healthy subjects that are
exposed to an experimental nausea model with rotation
as the nausea-inducing stimulus and we considered how
to extend the effective methods to patients receiving
chemotherapy. An aspect of the conditioning model for
chemotherapy that has been considetred recently is whether
post-chemotherapy nausea is augmented by learning
processes, which then add to the unconditioned nausea
responset’. This question is also addressed in the present

paper.

CLASSICAL CONDITIONING AND
THE DEFINITION OF US AND
CS IN NAUSEA-INDUCING CONDITIONS

Mechanism of classical conditioning and the basic
paradigm

Classical conditioning is a basic associative learning paradigm
originally desctibed by 1. Pavlov®: An otrganism learns
to associate two stimuli, an initially neutral stimulus (the
conditioned stimulus, or CS) and a biologically relevant
stimulus (the unconditioned stimulus, or US). By pairing a
CS with the US in the acquisition phase, the CS comes to
evoke a conditioned response (CR), which is commonly
similar to the response elicited by the US and is nausea and
vomiting in the present case. This association is assumed
to take place within the central netvous system (CNS)PL
There are conditions where even a single pairing ("trial")
of CS—US can induce learning, i.c. in conditioned taste
avetsion.

A real-life situation that has features of a classical
conditioning trial is the application of a drug in the presence
of predictive cues. The drug, or more precisely its
centrally detectable effects, constitutes the US. Because the
environmental context in which a drug is administered can
act like a CS, the environmental stimuli that contingently
signal the US may become CSs, so that some degree of
illness will come to occur anticipatorily in the presence

Room (Sensory Mismatch) Endocrine, immuno-
Context GI stimulation logical correlates
Test
cs CR
Environment Neurally mediated
Smell response
Color of a capsule Nausea and related
Infusion apparatus symptoms

Room Endocrine, immuno-
Context logical correlates

Figure 1 The classical conditioning model of nausea and vomiting. Definition of
the unconditioned stimuli (US), the conditioned stimuli (CS), and the unconditioned
response (UR), the conditioned response (CR) and their mediation. Description of
acquisition (learning) and test.

of these predictive cues!'"'?

1. Figure 1 describes this
learning process for nausea-inducing interventions for
the acquisition phase (pairing of CS and US) and the test
phase (where the CS elicits the CR).

The first evidence of classical conditioning of nausea
and emesis comes from early experiments conducted by
Collins and Tatum!™!, using morphium sulphate, and from
experiments done in the laboratory of I . Pavlov by his
collaborators, using morphine (studies done by Krylov)
and apomorphin (studies conducted by Podkopaev)®l.
After animal subjects had expetienced the injection of
these substances, signals that had reliably predicted drug
administration (i.e., entry of the experimenter, drawing of
the syringe) resulted in nausea, salivation and emesis.

An often used paradigm showing conditioning effects
with nausea-inducing drugs is conditioned taste aversion
(CTA). CTA manifests in the avoidance of a taste that
was initially preferred but is avoided after this taste had
been paired with the administration of an illness-inducing
manipulation such as gamma radiation™, or with illness-
inducing drugs such as lithium!", or cyclophospamide!®l.
CTA has some features that make it a unique form of
learning in that it can be established after a single CS-
US pairing (one trial learning), and CS and US can be
separated by long CS-US intervals. Moreover, there is a
preparedness for certain qualities of CS and US to become
a CS because gustatory and olfactory stimuli are more
easily associated with illness-inducing USs than visual and
acoustical stimuli.

CNS mediation of nausea and vomiting
The CNS mediation of nausea and vomiting is important
because the CNS is assumed to be involved in the
detection of both the CS and US as well as the formation
of the CS-US association. The CNS structures that
are involved in nausea and vomiting and the central
mechanism regulating nausea are still an area of research.
As summarized in Figure 2, the emesis coordination
center in the brain stem receives afferents from: (1) the
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Chemoreceptive trigger zone
(CT2) in the area postrema

AN

Vestibular apparatus Higher cortical centers

and limbic system

y
Emesis coordination center
in the brain stem

Mainly vagal | afferences

Gastrointestinal tract

Figure 2 Central nervous system (CNS) structures and the mediation of nausea
and vomiting.

chemoreceptor trigger zone (CTZ) in the area postrema,
where drugs, such as cytotoxic substances, apomorphine,
and nausea-inducing opioids, are detected via dopaminergic
(D), serotonergic (5-HT), muscarinergic, neurokinin 1
(NK}), opioid, alpha-, adrenoreceptors and noradrenergic
receptors. (2) the vestibular system, where motion or
sensory mismatch is detected, and where histaminergic
(H,), muscarinergic and 5HT}, receptors are located. (3)
mainly vagal afferents from the gastrointestinal tract that
are activated by cytotoxic substances (such as cytostatic
drugs during chemotherapy), by toxic food or radiotherapy.
The receptors that are involved are 5-HT; and 5-HT,,
as well as NK; receptors in the gastrointestinal tract. (4)
higher brain centers and the limbic system.

Accordingly, the USs are the centrally detectable
effects of those biologically active stimuli (i.e. the centrally
detected effects of cytotoxic drugs, motion or sensory
mismatch and/or gastrointestinal stimulation), afferently
reaching the emesis center leading to nausea and related
symptoms and to the unconditioned endocrine and
immunological changes (considered as the unconditioned
responses, or URs), which are components that will be

evoked by the CS as CRs.

Chemotherapy as a natural situation for classical
conditioning

The situation in which a cancer patient receives chemo-
therapy has been labelled a natural laboratory!” to
examine Pavlovian conditioning of anticipatory side
effects. Figure 3 shows the Pavlovian conditioning model
for cancer chemotherapy. The patient will experience the
infusion of the cytotoxic drugs in the presence of hospital
stimuli, such as smells, tastes, the sight of the infusion
apparatus or of the nurse or the doctor. These signals
reliably precede the start of the infusion. The drugs of
the infusion unconditionally induce nausea, food aversion
and immunomodulation after their administration; i.e. in
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During and after chemotherapy

cs us UR

Stimuli in post treatment

the hospital ®nausea, vomiting (PNV)
(smells, tastes, sight e food aversion
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cs CR
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Figure 3 The classcial conditioning model in cancer chemotherapy. CS:
conditioned stimulus, US: unconditioned stimulus; UR: unconditioned response;
CR: conditioned response.

the post-treatment phase as the UR. Finally, the hospital
stimuli alone will induce nausea, immunomodulation and
food aversion prior to drug administration as anticipatory
responses; i.e., AN, ANV, anticipatory immunomodulation
and learned food aversion.

In our studies on ANV, we use the following procedure
to measure the unconditioned as well as the conditioned
subjective side-effects of cytotoxic drugs in chemotherapy.
Subjects are asked to indicate the occurrence and intensity
of nausea, vomiting, dizziness, hot flashes, heart beat,
weakness, headache and, additionally, loss of appetite.
These symptoms are recorded using diary-like symptom
lists 48 h prior to (to measure ANV) as well as 48 h after
(to measure PNV) a chemotherapy cycle. Additionally,
food aversion (i.e., the reduction in the hedonic quality
of food that had been consumed prior to the infusion),
cortisol and immune patameters were measured in one of
our studies!".

Rotation as a nausea-inducing stimulus: motion-sickness
A successful way to induce nausea and related symptoms in
healthy humans is body rotation. In this model, the afferent
signals from the vestibular system constitute the US. Body
rotation results in a number of symptoms summarized
as motion sickness, defined as a "malady characterized by
the combination of signs and symptoms that accompany
movement ot perceived movement in the environment™!"".
A common feature of the diverse situations capable of
inducing motion sickness is that they are all characterized
by a condition of sensory rearrangement in which motion
information signaled by the vestibular receptors, the eyes,
and non-vestibular proprioceptors are contradictory to
common past expetience, i.e.l'”; a sensory conflict occuts.
The most prominent symptoms of motion sickness
in humans are nausea and vomiting, pallor, and cold
sweating!"”l.

In our group (***, Stockhotst ¢ a/, under revision),
we exposed subjects to body rotation in the following
way. Subjects were rotated around their vertical axis at
120 degtrees/sec while seated in a rotation chair. During
the rotations, they were instructed to move their heads up
and down every 6 s with their eyes closed. Each rotation
trial lasted 60 s, followed by a 1-min break. In the studies
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conducted so far, between two and five rotations were
provided. To measute the subjective correlates of motion-
sickness (and thus the UR and CR) in our experiments,
subjects indicate the intensity of 7 symptoms (nausea,
urge to vomit, dizziness, headache, tiredness, sweating, and
general discomfort) and these symptoms were measured
prior to and at several time-points after the end of
rotation.

Immunological correlates of nausea and vomiting

Predictions about the putative immunological correlates
of nausea and related symptoms can be derived from data
obtained in studies on the cytokine-induced "sickness
behaviour"®!. Cytokine-induced sickness behaviour is
defined as the constellation of non-specific symptoms
(such as weakness, malaise, listlessness and inability to
concentrate) as well as depression, lethargy, and loss of
appetite and drinking that occur during the course of an
infection™. These symptoms ate assumed to be mediated
by proinflammatory cytokines (mainly interleukin [IL-
1B] and tumor-necrosis factor [TNF-a]) on brain cell
targets®) and are assumed to be activated and/or
transmitted to the brain via both neural and humoral
communication pathways. This model is supported by
studies showing that the central administration of IL-1f

2526 j.e. the avoidance

induces food aversion and anorexia
of food that has been paired with a sickness-inducing
drug (e.g., IL-1B) with subsequent weight reduction.
Sickness behaviour also shares features in common with
the nonspecific symptoms of cancer and cancer treatment
side-effects®**"?. Accordingly, a recent hypothesis is
that activation of cytokines in the brain (viz cytokines
released by cancer cells or by stress from chemotherapy or
radiotherapy) is responsible for the nonspecific symptoms
of cancer including pain, cachexia, fatigue, sleep disorders
and cognitive alterations. Consequently, these cytokines
should be assessed during cancer chemotherapy. We can
assess these in our stressful rotation-induced sickness
model as well. In our studies, TNF-o. was measured in all
rotation studies and in one study with cancer patients"®.

Endocrine correlates of nausea and vomiting

Cortisol was measured in all of the rotation experiments
and in one of our cancer chemotherapy studies!'®. The
rationale to explore cortisol was based on two ideas. First,
since rotation is an effective stressor, cortisol can index
acute rotation-induced stress™?. Secondly, there are data
that indicate that endogenous (habitual) cortisol might
protect against chemotherapy-induced nausea: It has been
shown that patients with a high overnight level of urinary
cortisol preceding the onset of a chemotherapy infusion
show less nausea during and after chemotherapy™..
Also, dexamethasone, as a synthetic member of the
glucocorticoid class of hormones, is used as an antiemetic
drug and is assumed to augment the antiemetic effect
of 5-HTj; receptor antagonists. Similarly, glucocorticoid
treatment »7a prednisone was effective in reducing
acute mountain sickness (characterized by headache,
nausea, excessive fatigue, loss of appetite, irritability, and
insomina)P". Thus, cortisol is of intetest as a potential

state (i.e., acute) and trait (chronic) measure for nausea

susceptibility.

ANIMAL MODELS OF CONTEXT AVERSION
CONDITIONING AND ITS THERAPY

In order to explain the development of anticipatory nausea
to contextual hospital stimuli or to the rotation environment
by means of classical conditioning, a conditioning
paradigm is necessary that shows an association has
developed between the context, as the CS, and the nausea-
inducing drug, as the US. This model was elegantly
established by Hall and collaborators!'"'>*'3. The authors
first demonstrated that the experience of a nausea-
inducing agent (i.e., lithium chloride [LiCl]) in conjunction
with exposure to a novel context will render the context
aversive. In order to demonstrate this context aversion,
rats received an injection of LiCl while being exposed to
a novel context (i.e., a new cage different from the home
cage in a number of features). In order to validate the
nauseogenic nature of the context, one of the following
test procedures, either the consumption test or the
blocking testP!, was used.

The consumption test demonstrates that the contextual
cues are capable of inducing, as the CR, some aspect
of the state induced by the US itself. Subjects are first
exposed to two different contexts (e.g., cage A and B).
The exposure to only one of these contexts is preceded
by an injection of LiCl, and the other is preceded by the
injection of saline. Rats are then exposed to one of the
contexts where they can consume sucrose solution. The
result is the consumption of sucrose is only suppressed in
the context that had been experienced with LiCl.

The blocking test is another way to demonstrate the
acquisition of conditioned nausea. In the first phase,
subjects expetience the differential context exposure where
only one of two contexts is associated with the illness-
inducing drug (LiCl). After the injection, subjects are
placed in one of two contexts, either A or B. Both groups
received a compound CS, consisting of the context plus
the flavor. As expected, the context blocks the acquisition
of the conditioned aversion to the flavor only if that
specific context had been paired with the injection of
LiCl. Moreover, Hall and collaborators provided evidence
that the context truly induces nausea (and not only taste
avoidance).

Using these indicators of context aversion conditioning
with nausea-inducing drugs, Hall and collaborators
demonstrated both latent inhibitionP" as well as ovet-
shadowing®'*?. Overshadowing and latent inhibition (LI)
are both techniques to reduce the association between the
putative CS and the US. Overshadowing was originally
described by Pavlovl®. In a typical overshadowing
experiment, a compound CS is paired with the US, where
one of the CS compound elements is more salient than
the other. This procedure results in only a weak association
between the less salient CS and the US. Latent inhibition
(LDPY consists of pre-exposing the event to be used as the
CS prior to the first administration of the US, and this pre-
exposure reduces the amount of classical conditioning that

www.wjgnet.com
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subsequently occurs.

The concrete procedures are illustrated in experiments
carried out by our group aiming at reducing conditioned
nausea in the rotation paradigm with healthy humans and
in our overshadowing experiment with cancer patients, as
described in the following subchapters of this paper.

TESTING CONDITIONING IN THE
MOTION-SICKNESS MODEL IN HUMANS

Validation of the rotation conditioning paradigm to induce
an increase in cortisol and TNF-a,, and conditioned taste
aversion
In pilot studies (25 female and 25 male university students),
screening for rotation susceptible subjects, TNF-a and
cortisol (in saliva) were measured prior to rotation (=
conditioned anticipatory symptoms) and immediately, 15
min and 30 min after the end of the last of a series of
maximally five rotations (unconditioned post-rotation
symptoms)PY. Rotation resulted in an immediate increase
in post-rotation symptoms of nausea (P < 0.001), and a
tendency for an increase in TNF-a (P < 0.10). The cortisol
increase peaked 15 min after the end of rotation (P <
0.001), corresponding to the temporal dynamics of the
cortisol response seen after psychosocial stressors.
Another indicator for the validity of the rotation
paradigm in conditioning research is the development
of CTA, which was also demonstrated in the rotation
paradigm. CTA developed to a novel taste (elderberry) if
it was presented as the CS immediately prior to rotation
onset (US) in the experimental group, whereas a familiar
taste (water) immediately prior to rotation (US) in the
control group, or the novel taste in a 1-h distance from the

US did not yield CTAP.

Experimental intervention by conditioning techniques in
the rotation setting

As already outlined for animal studies, conditioning
techniques that are well known to attenuate the CS-US
contingency would be expected to reduce conditioned
nausea in the rotation paradigm®!. Two expetriments were
conducted in our group using latent inhibition" and
overshadowing (Stockhorst e 2/, under revision).

For inducing LI in the rotation paradigm, the CS (the
rotation context) was presented without the US (rotation);
i.e. subjects were exposed to the rotation context prior
to their first rotation. Subjects were assigned to one of
three groups, differing in the number of pre-exposures (0,
1 or 3). Subjects receiving 0 pre-exposures (Group LIO)
were placed in a neutral environment on the three days
preceding the first rotation day, while those receiving one
pre-exposure (LI1) were placed in the neutral environment
two days before and exposed to the rotation environment.
Subjects receiving three pre-exposures (LI3) were seated
in the rotation environment without rotation for three
days. All subjects were given a maximum of five rotations
on d 3 and 4, and on d 5 (test) they were all seated in
the rotation environment without rotation. Significantly
reduced anticipatory nausea-related symptoms were found
in Groups LI3 and LI1 compared to LIOPY. In general,
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females tended to show higher baseline scores in the
symptom rating; i.e. anticipatory nausea at d 5, compared
to males. However, they also showed a larger symptom
reduction as a result of CS-preexposure relative to the
untreated control group, L10, mainly after one pre-
exposure (LI1 »s LIO), but also after three pre-exposures
(LI3 ps LIO)E!.

The context pre-exposure LI treatments did not affect
post-rotation nausea, acute TNF-a or cortisol levels.
Cortisol levels increased acutely in all groups after rotation,
but decreased over repeated rotation exposures, more so in
the female subjects. TNF-a levels decreased after rotation,
but did not decrease from one to the next rotation session.

To induce overshadowing in the rotation paradigm,
healthy, rotation-susceptible subjects were assigned to one
of two groups. During the acquisition phase, subjects of
the experimental group were presented 100 mL of salient
tasting beverages with the taste changing on each day
(elderberry, haw sallow-thorn, sloe) prior to rotation onset
on three consecutive days. Subjects in the control group
drank water. To control for the different taste experiences
per se, subjects consumed the counterbalanced drink (i.e.,
water in the experimental group, and the salient beverage
in the control group) 12 h later in their home environment.
On the 4™ day, subjects of both groups consumed water
prior to rotation in the rotation environment. As with the
cancer patients”, subjects that drank the salient beverages
showed reduced (anticipatory) conditioned symptoms, as
well as attenuated post rotation symptoms (Stockhorst ez a/,
under revision).

Gender differences in rotation

In our rotation experiments, we found gender differences
in the unconditioned nausea response to rotation and in
the hormonal and the immunological response patterns
(see alsoP*).

With regard to the unconditioned responses to motion-
sickness inducing treatment specified below, data from
other groups agree that women report more symptoms
B3 or report a greater incidence in their history of
previous motion sickness™**"), but do not show differences
from males in their symptoms after acute rotationP*".
They also do not differ in their physiological responses such
as gastric tachyarrhythmia during exposure to an optokinetic
drum?; to viewing a rotating optokinetic drumP%, or when
exposed to cotiolis cross-coupling stimulation®; i.e. the
unusual stimulation of the semicircular canals induced by
off-axis head-movements (e.g, forward head movements)
during rotation. In one of our experimental studies, we
found a higher baseline (i.e. anticipatory) nausea response
as measuted by self-report in women than men!.

Our results on the endocrine and immunological
responses reveal a gender-specific effect. Gender-specific
effects became evident in a study where healthy male and
female subjects were exposed to repeated nausecogenic
body rotation in a rotation drum® on four consecutive
days (with a maximum of five 1-min rotations per day).
The free cortisol level increased after rotation, but these
rotation-induced cortisol increases lowered from d 2 to 4
in females, but not in males. This means, habituation of the

than men
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cortisol response after repeated rotation was restricted to
women, whereas men still showed cortisol reagibility after
repetitive rotation experience. These results are supported
by data in the latent inhibition study: Women showed
lower cortisol increases after rotation than menP'l. There
also is evidence for a gender-specific response pattern in
immune parameters. In the habituation study®, the i vitro
production of the proinflammatory cytokine production
did not habituate in men, but it did so in women. Moreover,
there was evidence for a higher responsiveness in women
compared to men both for conditioning of anticipatory
nausea and for its modification by both overshadowing
and latent inhibition®". A questionnaire study by Fessler
and ArguelloP? is of interest here. In females, self-reported
motion-sickness susceptibility was positively correlated
with the number of conditioned food aversions, whereas
no such correlation appeared in male participants.

To this point we have shown with the rotation-
induced motion sickness model that known principles
of conditioning do apply. Specifically, we showed that
conditioning procedures, such as overshadowing and latent
inhibition, can work to ameliorate or block conditioning
of nausea. So it is natural to explore parallels in cancer
patients undergoing chemotherapy.

TESTING THE CONDITIONING MODEL
IN CHEMOTHERAPY PATIENTS

The conditioning model in cancer chemotherapy

There are two ways of testing the conditioning model
in cancer chemotherapy, both of which we have used.
First, by a correlative and quasi-experimental (and thus
descriptive) approach, examining whether the occurrence
of ANV corresponds to the conditioning model
(correlative) and whether ANV differs in a relatively CS-
free »s CS-containing environment (quasi-experimental).
Secondly, by using an experimental approach where
patients who were assigned to a conditioning intervention
to prevent ANV are compared with patients receiving a
control treatment.

The correlative and quasi-experimental approach
In terms of classical conditioning, a CR is a direct function
of the intensity of the US (and thus also of the intensity
of the UR), the intensity of the CSP”, and the temporal
contiguity between the CS and USHL. In the chemotherapy
situation, the emetogenity of the cytotoxic drug constitutes
the US, the duration and intensity of post-treatment
nausea and vomiting (PNV) indicate the duration and
intensity of the UR, and the temporal distance between
CS exposure and infusion onset (US) indicates the CS-US
contiguity?.

In the first correlative study®'l, 55 ambulatory adult
cancer patients [mean age: 50.78 = (SEM) 2.03 years] with
a mean preexperience of 9.8 £ 0.96 infusions, were asked

[41

to record nine symptoms (nausea, vomiting, dizziness,
sweating, hot flashes, heartburn, headache, weakness,
and heartbeat) after an infusion to assess post treatment
symptoms and prior to a subsequent infusion (to assess
anticipatory symptoms). Each measurement period (post-

treatment and anticipatory) covered a maximum of 48
h, divided into four 12-h petiods of days (6 am to 6 pm)
and nights (6 pm to 6 am). AN was reported by 18.1% of
the patients and, in correspondence with the conditioning
predictions, there was a statistically significant association
between the occurrence of post-treatment nausea (PN)
and AN, and post-treatment vomiting (PV) and AN (i.e.,
occurrence of the UR and the CR), and between AN
and the degree of emetogenity of the drug previously
experienced (US-intensity). Furthermore, the duration of
reported AN increased as temporal proximity to scheduled
infusion onset increasedt*!.

Similar results!'® were obtained in a study with pediatric
cancer patients (M = 10.1 + 0.9 years), with a preexperience
of 6.1 £ 0.5 previous cycles of chemotherapy. Patients were
observed over two consecutive cycles of chemotherapy
(cycle A and B), assessing symptoms during 48 h prior
to the onset and 48 h after the end of the infusions. As
predicted, the occurrence of ANV was positively associated
with drug emetogenity, and this was demonstrated in the
more emetogenic cycle A. Duration of AN tended to be
associated with PN and AN increased as infusion onset
time approached.

To assess the development of food aversions, patients
had to rate the hedonic quality (liking) of those food items
that they had consumed prior to the chemotherapy cycle.
These food items were then repeatedly rated on a five-
point graphically anchored scale (as liking the food very
much, much, neither liking nor disliking, not liking, not
at all) over 96 h surrounding a chemotherapy infusion.
Compared to the initial rating during consumption,
the hedonic quality of the food items decreased in the
anticipatory and the post-treatment interval, especially in
those patients that had developed ANVP4,

Bovbjergh recently reviewed and summarized the
vatiables that affect ANV in cancer patients. In addition to
the variables that were found in our studies (i.e., intensity
of the US [emetogenity of the chemotherapy protocol]
and intensity of the UR [intensity of post-treatment
nausea]), the following results are in correspondence
with a classical conditioning interpretation of ANV: The
likelihood of ANV inctreases across repeated treatment
infusions; i.e. with a higher number of conditioning
trialsi*? and with the propottion of infusions followed
by nausea (% teinforcement)*’. Using an experimental
design, a gustatory cue that had been explicitly paired with
chemotherapy infusion caused conditioned nausea as a CR
outside the hospital when patients were reexposed to that
Cst*,

BovbjergP! also reported interesting data showing
that post-treatment nausea is partly influenced by AN;
i.e. the amount of AN developed during earlier cycles
of chemotherapy might add to post-treatment nausea.
He analyzed 40 early stage breast cancer patients who
developed AN in the clinic prior to their treatment infusion
and their subsequent post-treatment nausea after infusion.
A stepwise regression analysis revealed that conditioned
nausea affects the severity of subsequent post-treatment
nausea. Post-treatment nausea was primarily affected by
the nausea response elicited by the infusion preceding
the target infusion, and then secondly by the conditioned
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nausea response in the clinic prior to the target infusion.
Variables, that turned out to be significantly associated
with ANV in bivariate correlation analyses (i.e., age,
Karnofsky index, life history of nausea) turned out to no
longer contribute in the stepwise regression analysis.

The experimental approach

Based on the assumption that AN develops when a cancer
patient associates the context (CS) with the emetogenic and
nausea-inducing cytotoxic drugs (US), one therapeutic aim
is to restrict the development of the CS-US contingency
and thus prevent the context CS becoming associated with
the drug US.

Using the overshadowing intervention technique
developed abovel’, 16 cancer patients (most of them
receiving their first chemotherapy infusion treatment
for malignant systemic diseases; i.e., Non-Hodgkin and
Hodgkin-lymphoma) were assigned to one of two groups
and ecither received an overshadowing intervention or a
control treatment prior to all infusions of two consecutive
chemotherapy cycles (A and B). The overshadowing
stimuli were beverages that had been pre-tested as being
salient (haw, elderberry; red fruit mix; mixed drink of
bitter lemon, apple, orange juice; woodruff, guave;
grapefruit; herbal soda; orange sallow-thorn; tropical fruit)
and the overshadowed stimulus was the context. Patients
were instructed to drink 250 mI. of a beverage in the
interval from 10 min prior to 10 min after the start of
cach infusion; a different beverage was used prior to each
infusion of the two chemotherapy cycles (A, B). Patients
in the control group drank an equal volume of water at the
same time-points. Prior to cycle C, all subjects were given
water. As predicted, AN did not occur in the experimental
group, whereas two of eight patients in the control group
(25%) showed AN in cycle C. The intervention effects were
not restricted to AN. The manipulation tended to attenuate
the adverse UR as well. The overshadowing stimuli led
to a shorter duration post-treatment nausea and a longer
latency between infusion onset and nausea onset. This
gives tise to the following interpretation”. The response
to the US may be also influenced by the subjects' response
to the CS, which persists into the measurement phase of
the UR (in our case post-treatment nausea). Consequently,
overshadowing might also lead to a reduction of the UR
(not only the CR). This can be related to the phenomenon
of conditioned diminution of responding to the USH,
and is also in cortespondence with the data by Bovbjetg?
who showed that AN is affected by post-treatment nausea.
Consequently, conditioning techniques that reduce AN
should reduce post-treatment nausea as well.

Immunological correlates of food aversion in cancer
chemotherapy and CS-correlated changes in immune
parameters

Although proinflammatory cytokines are regarded as
correlates of CTAP>* and of sickness behaviour?>?,
there were no data correlating cytokine levels and food
aversion. Consequently, these immunological parameters
were measured in our study with pediatric cancer
patients!"®. Prior to one of the observed chemotherapy
cycles (cycle B), blood was sampled in the home (day-2)
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and hospital (day 0) environment to measure natural killer
cell activity (NKCA) and a number of cytokines (IL-1,
IL-2, IL-10, interferon [IFN]-y, TNF-a). NKCA as well as
the IFN-y level increased from home to hospital, indicating
a CS-related response also in immune parameters.
Based on TNF's relation to food aversion in animal
studies™! TNF-a level was assessed for a correlation
with anticipatory food aversion and post-treatment loss of
appetite. We found some positive correlation for TNF-a,
measured in the hospital prior to the start of an infusion,
with anticipatory food aversion as well as with post-
treatment loss of appetitel.

PERSPECTIVES

LRSS

We have shown important effects of classical conditioning
in establishing AN and in preventing (or at least reducing)
it. Male and female subjects differ in susceptibility to both
conditioned and unconditioned nausea, and this merits
physicians' attention to gender in planning chemotherapy
protocols for cancer.

Future studies should further evaluate the conditioning
view of nausea, especially in chemotherapy patients. Here
it is now also interesting and important to address post-
chemotherapy nausea as well, and find out whether it is
modified by classical conditioning. Consequently, post-
treatment nausea should be also treated by conditioning
techniques, as already indicated in our overshadowing
experiment!. The potential for alleviating patient distress
when undergoing a series of chemotherapy treatments is
an important goal in itself and is an adjunct to patients
accepting to continue chemotherapy. Cytokines can
be regarded as a useful marker of both conditioning
etiology and the effectiveness of the conditioning-based
interventions, which we have outlined in this paper.
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