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Chapterl e General introduction

1. General introduction




Several anecdotes exist about the first encounters with the phenomenon of the
placebo effect (1, 2). In terms of its terminology, it is argued that the word ‘placebo’
stems from a mistranslation by St Jerome of Psalm 116 in which he wrote “I will
please the Lord in the land of the living” (“Placebo Domino in regione vivorum”)
instead of “I will walk before the Lord in the land of the living”(3). In terms of placebo
use, the first form of application was described by the Catholic church in the 16%
century, where individuals who were assumed to have occult beliefs were given fake
relics. If these relics (placebos) evoked erratic behaviors, it was then concluded that
their behaviors were merely a product of their imagination, and possession was ruled
out(4). Later in the 18" century, first reports of an innovative research paradigm were
described that incorporated placebos, which were called randomized controlled trials
(RCTSs). In RCTs, both patients and doctors were unaware of the patients’ allocation
to the treatment group or the placebo group (‘double blind’). The total effect of the
treatment itself was then compared to a placebo group. In case of superiority of the
experimental drug over the placebo group, the treatment would be considered as
effective(2). The placebo effect itself gained more attention during World War 11,
when anesthesiologist Henry Knowles Beecher reviewed results from studies that
compared placebos to analgesics (e.g. compared to acetylsalicylic acid, codeine, and
morphine) in his paper ‘The powerful placebo’ in 1955(5, 6). After this publication,
Beecher was known as the first clinician to elaborate on the therapeutic effects of
placebos(1). Since then, decades of placebo research have elucidated important
biological, psychological and social mechanisms involved in steering placebo effects
and have demonstrated the importance of placebo effects in therapeutic contexts(2,
7). In the past decades, the therapeutic benefits of placebo effects have increasingly
gained attention. Methods that optimize these effects in medical contexts are
researched more frequently and many physicians recognize the importance of

placebo effects in daily practice(1).

Placebo effects can be viewed from different perspectives. On one hand, placebos
often serve as an important tool in RCTs to elucidate the efficacy of a newly
developed experimental drug therapy(8). From this perspective, placebo effects are
unwanted and efforts are often made to minimize these effects, because it hinders
the effects of the experimental drug. On the other hand, placebo effects can be

viewed from a perspective to induce therapeutic benefits that can be exploited to



maximize treatment outcomes, save costs and potentially reduce side effects by

focusing on their underlying mechanisms as described above(9). This dissertation will

mainly focus on the latter perspective of placebo effects.

To clearly understand what placebo effects entail and how this can inflict therapeutic

beneficial effects, it is also important to address the paradox that is often described in

placebo research. Placebos itself are frequently described as inert substances that

inherently lack properties to induce any effect. However, the effects that placebos

evoke through their demonstrated neurobiological and psychological underlying

mechanism are substantial, as reflected in psychological and physiological outcomes,

and reported in a broad range of conditions and in different medical contexts(1, 2, 7,

10). Moreover, it is important to address the
distinction in terminology between placebo
responses and placebo effects. In 2018, the
terminology in placebo research has been
specified by a large consortium of placebo
experts(11). Consequently, placebo responses
have been defined to include all positive health
changes that result after administration of an
inert treatment by comparing before and after
treatment effects. In line with this terminology,
placebo responses also include regression to

the mean and natural history which are often

Placebo responses

All positive health changes that
result after administration of an
inactive treatment.

Placebo effects
Psychosocial or neurobiological

mechanisms that induce beneficial
effects in a clinical or laboratory
medical context.

Placebos
Inert substances that inherently lack
properties to induce any effect.

misinterpreted for placebo effects(12). Placebo effects have been defined as

beneficial effects in clinical or laboratory medical context that can be specifically

traced back to their underlying psychosocial or neurobiological mechanisms, such as

positive expectations or associative learning principles (i.e. classical

conditioning)(11).
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Fig 1. Conceptual framework of placebo responses, placebo effects and treatment effects in
RCTs or clinical practice. Note: All three aspects are separately depicted here, but are not
mutually exclusive in reality. Factors can interact, for example placebo effects can be

intertwined within treatment effects. Adapted from Howick and colleagues(13).

Mechanisms that steer placebo effects

Overall, placebo effects are driven by expectancies about treatment outcomes, which
may in turn inflict therapeutic benefit(2). At least three main mechanisms have been
identified that induce expectancies through learning, and encompass instructional

learning, classical conditioning, and social observational learning.

To shape expectancies, verbal suggestions are often used, which is also referred to
as instructional learning(10). The effects of verbal suggestions have become evident
in experimental settings, and also in clinical contexts where the importance of
message framing and emphasis on positive outcomes is underlined(14-17). For
example, previous studies have underlined the role of positive expectancies induced
by verbal suggestions in pain research, and found that these can induce pain relief,
which is termed placebo analgesia (i.e., pain relief after placebo administration)(7,
18-21). One of the many interesting findings from the field of pain research is that
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verbal suggestions about treatment benefit (i.e. positively induced expectations)
could be blocked by the opiate antagonist naloxone. This was later supported by the
finding that verbally induced expectations of placebo analgesia activate p-opioid
receptors that in turn cause pain relief(22, 23). Moreover, placebo analgesia has
demonstrated to activate brain regions that are also involved in pain modulation(24).
For example, previous studies demonstrated activation of p-opioid neurotransmission
in the dorsolateral prefrontal cortex, the anterior cingulate cortex, the insula, and the
nucleus accumbens(19, 23, 25). These findings elucidate that positive expectations
use the same pathway as endogenous opioids when inducing pain relief and could
be used for therapeutic benefit. The power of shaping expectancies by verbal
suggestions and its significant effects on neurobiological processes and clinical
outcomes are however not only restricted to pain research. Since the last decades, a
large body of research has supported the involvement of instructional learning in
other fields than pain analgesia, for example in Parkinson’s disease or in heart
surgery patients, where positive expectancies activated dopaminergic systems (i.e.
nigrostriatal and mesoaccumbens projections), or increased pro-inflammatory
cytokine concentrations (i.e. interleukin-6 and interleukin-8)(17, 26). Alternatively,
negative expectations (i.e. induced by negative verbal suggestions) can in turn have
detrimental effects on treatment outcomes and are referred to as nocebo effects(11).
Therefore, it is very important to manage expectations and harness their effects on

treatment outcomes.

Besides instructional learning, another important learning mechanism has been
elucidated to play a role in placebo effects, namely classical conditioning(12, 21, 27).
In classical conditioning, a neutral stimulus is combined with another stimulus that
induces a bodily response to create a learned association. This learned association
in turn elicits a bodily response, without the presence of the initial stimulus that
evokes this response. In Pavlov’s famous salivation experiment with dogs, this
neutral stimulus was a metronome (often referred to as a bell, serving as the
conditioned stimulus; CS) which was paired with food (serving as the unconditioned
stimulus; UCS) to create a learned association. Ultimately, the presentation of the
metronome alone induced a salivatory response (conditioned response; CR) which

previously was only caused by the UCS(28). The importance of conditioning in
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placebo effects finds its support in many research fields, but in particular in the field
of immunology, where it was found that immune functions are prone to conditioning
principles and are also referred to as learned immune responses(19, 29-32).
Conditioning with immune parameters has become evident in animal models that
used a similar paradigm as Pavlov, consisting of an acquisition phase (or learning
phase) and an evocation phase (or testing phase)(15, 33, 34). During the acquisition
phase, an initial neutral stimulus (conditioned stimulus, CS) is coupled with a
pharmacological agent (unconditioned stimulus, UCS). To accommodate the effects
of conditioning, the CS that is used usually contains distinct potent gustatory or visual
properties, such as a saccharine solution or a green novel tasting drink(15, 33, 34).
After a strong association is formed with repeated pairings of the CS and the UCS
during the learning phase, conditioned responses are evoked by presentations of the
CS alone and are reflected on the subjective level by conditioned taste aversion, and
objective levels by modulations in immune parameters, which is termed the
conditioned response (CR). Making use of conditioning principles in medication
regimens is termed pharmacotherapeutic or pharmacological conditioning, in which
conditioned immunologic responses are evoked by placebos because of the learned
association with the color, shape, and context of an identical looking treatment(29,
30, 35-41).

A third learning mechanism involved in shaping expectancies and thereby inducing
placebo effects, is social observational learning. In social observational learning, the
observation of therapeutic benefit in others induces placebo effects, and is another
learning mechanism that is frequently studied in the placebo literature(42). One of the
first studies that recognized this mechanism discovered this by using a widely used
experimental design where colors are associated with painful and non-painful stimuli.
In such experimental paradigms, verbal suggestions and classical conditioning
principles are used to induce placebo effects. Additionally, participants in this study
watched another person rate painful and non-painful stimuli (behavioral modeling)
which resulted in placebo analgesic responses after the observation of non-painful
stimuli. Moreover, the results of this study demonstrated that placebo effects induced
by observation were of equal magnitude as placebo effects induced by classical

conditioning, and exceeded placebo effects induced by verbal suggestion(43, 44).
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Classical conditioning
Instructional learning

Social observational learning

Fig 2. Learning mechanisms that steer placebo effects.

Next to the three abovementioned learning mechanisms that shape placebo effects,
other contextual or environmental factors can influence treatment outcomes, such as
the relationship between physicians and patients. The influence of warm and
empathic communication is a prominent factor in treatment and has been studied in
many different patient samples. For example, Di Blasi and colleagues (2001)
examined the therapeutic effects of the doctor-patient relationship in a meta-analysis
and found consistently that when physicians adopted a warm and reassuring
communication style, the therapeutic outcomes exceeded the outcomes from
physicians who kept consultations formal and did not offer reassurance(45). In line
with these findings, a RCT with irritable bowel syndrome patients was carried out by
Kaptchuk and colleagues (2008) in which different communication styles of
physicians were manipulated to investigate their effects on treatment outcomes. In
one experimental group, a warm and empathic communication style (the ‘augmented’
group) was employed, and compared with another experimental group that employed
a more formal communication style (the ‘limited’ group). Results of this study showed
significant higher rates of adequate relief in the ‘augmented’ group than the ‘limited’
group, thereby underlining the importance of doctor-patient communication, and the
role of the doctor-patient relationship(14). Despite the proven effectiveness of
empathic communication styles, the exact content of communication is not clear yet
and research that investigates these placebo information strategies remain scarce.
Moreover, other contextual factors in treatment can play a role in the placebo
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response. For example, high price, brand label, placebo invasiveness, and high
placebo dose are found to be associated with higher placebo effects(46, 47). Besides
the abovementioned learning mechanisms, or contextual and environmental factors
that influence placebo effects, the field of placebo research encompasses many
aspects involved in placebo effects. For example refined underlying neurological
circuitries that play a part in placebo effects(10, 12, 19, 20). Altogether, different
facets involved in placebo effects could be used to induce benefit on different types
of outcomes, for example on a subjective level (i.e. self-reported outcomes) or on an

objective level (i.e. brain activity) (see Figure 2).

The main aim of this dissertation is to optimize placebo effects in medical
contexts and will be approached from two different modes of action, namely utilizing
learning theories and exploring communication strategies. Both of these modes
can separately or interactively inflict treatment benefit. First, we will examine the role
of placebo effects in physiological outcomes, in particular in immune-related
disorders, and review different research designs that have integrated placebo effects,
mainly through pharmacological conditioning to induce treatment benefit.
Secondly, we will give an example of how these findings can be translated into
medication regimens, by proposing an innovative research design that makes use of
pharmacological conditioning, specifically designed by an interdisciplinary group of
health professionals and researchers for patients with juvenile idiopathic arthritis.
Next, this dissertation brings forward strategies that focus on communication about
placebo effects. Despite the large body of evidence that emphasizes on the
therapeutic benefits of placebo effects, little is known about the communication
strategies that can be used to make use of placebo effects. The communication
strategies investigated in this dissertation do not only focus on verbal suggestions to
induce positive treatment outcomes, but also explain how placebo effects can have
beneficial effects by taking into account the patient and health care provider
perspective. Finally, an experimental research design was developed by the
integration of our findings in which we combined learning mechanisms (classical
conditioning and instructional learning) with communication strategies via a RCT
to induce a non-deceptive form of placebo effects to study open-label placebo (OLP)

effects in healthy volunteers as a proof of concept study.
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Learning theories & Immune responses

e Exploration of placebo effects in immune-related conditions

To investigate placebo effects, the conceptualization of an experimental design of the
RCT plays an essential role. Besides the integration of a treatment group and a
placebo group (mostly referred to as a control group)(2), some RCTs also include a
natural history group, or a waiting list group. In these groups no treatments or
placebos are administered, and therefore patients could not have developed any
expectations about the efficacy of a treatment. In other words, a waiting list group or
natural history group may serve as a group that reflects the absence of treatment
expectations(48). In the first part of Chapter 2, we will review the outcomes of RCTs
found in placebo groups and waiting list groups that reported on immune-related
diseases such as allergies, asthma, gastro-intestinal diseases, arthritis, multiple
sclerosis and patients suffering from heart disease, but also in patient groups where
immunological changes were measured (e.g. modulations in cytokine proliferation). In
the second part of Chapter 2, we built upon these findings and demonstrate how
immune-related outcomes are susceptible to the underlying learning mechanisms of
placebo effects, such as classical conditioning. We thereby report on experimental
research designs based around the concept of the learned immune response, where
conditioned responses are established and reflected on an immunological level (i.e.
in lymphocyte proliferation or inflammation markers). Furthermore, we provide an
introduction in how these placebo mechanisms could be translated to clinical
advantages and review preliminary results of clinical trials that use pharmacological
conditioning based on partial reinforcement. In a partial reinforcement schedule,
regular doses of a pharmacological agent are intermittently administered with lower
subtherapeutic dosages. During the administration of the subtherapeutic dosages,
therapeutic effects are assumed to be maintained, because of the effects of
conditioning. One of the leading examples of this paradigm was proposed by Ader
and colleagues, published as a pilot study in 2010. In this research design,
conditioning effects were evoked in a partial reinforcement schedule for psoriasis in
which dosages of corticosteroid cream were intermittently administered with a
placebo cream(49). This study brought forth promising clinical outcomes from the
partial reinforcement group, and demonstrated a novel intervention based on the

combination of classical conditioning pharmacological effects. Altogether, Chapter 2
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provides an introduction of how immune parameters can be susceptible to the effects
of conditioning and propose promising research designs which we will elaborate

more on in Chapter 3(49).

Learning theories & Immune responses

e Translation of placebo effects into a pharmacological conditioning design

In Chapter 3, we focus on the clinical application of the learned immune response by
conceptualizing an optimal trial design. We considered all previous studies that made
use of pharmacological conditioning and reviewed how learning mechanisms could
be integrated in medication regimens, building upon the partial reinforcement of Ader
and colleagues(46). Moreover, we reviewed other ways of integrating placebos in
medication regimens to evoke learning effects, namely by using placebos as ‘dose
extenders’. For example, Kirchhof and colleagues successfully enhanced therapeutic
effects of cyclosporin A in renal transplant patients by adding placebos to medication
regimens to ‘boost’ therapeutic effects and demonstrated an increase in effectiveness
of the medication without an increase in dosing, which was also reflected on an
immunological level, namely by a significant learned inhibition of T cell proliferative
capacity(50). Based on these findings we propose an innovative research design for
a patient group that may particularly benefit from this approach, namely children with
juvenile idiopathic arthritis (JIA). This patient group is dependent on long-term
medication treatment of the drug methotrexate (MTX), which is unfortunately
hampered by high intolerance rates, reflected by severe side effects such as
anticipatory nausea and stomachache in approximately half of the patients(51). With
the possibilities that arise from pharmacological conditioning therapies, such as
lowered dosing and reduced side effects, this patient group seems especially suited
for this research paradigm. Moreover, previous attempts to reduce methotrexate
intolerance (i.e. by cognitive behavioral therapy or anti-emetics) have been proven
unsuccessful so far(52). Given these complications in treatment, a research design
that makes uses of pharmacological conditioning in order to optimize treatment
outcomes for patients with JIA was developed by an interdisciplinary group of
clinicians, pharmacologists, psychologists, and patient representatives. Based on this

collaboration, we provide recommendations for an optimal and innovative research
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design, for example in medication schedules, the integration in patient care and

relevant clinical and research outcome measures.

Communication strategies

e Explaining placebo effects for medical practice

Besides the facilitation of placebo mechanisms through learning principles in
medication schedules, placebo effects can also be induced by informing participants
or patients about the potential benefits of placebo effects. Even though many years
of placebo research has elucidated a potential role of placebo effects for medical
contexts, information strategies that explicitly employ these mechanisms remain
scarce. Moreover, transparency and shared decision-making have become recurrent
topics in patient samples, which underlines the need for patient involvement in
therapeutic regimens when making use of placebo mechanisms(53). As
abovementioned, many different aspects are involved that steer placebo effects, such
as positive expectations, classical conditioning, social observational learning, and the
the doctor-patient relationship. These aspects could all serve as explanations to
educate individuals about the impact of placebo effects on treatment outcomes, and
can ultimately be used to induce therapeutic benefit. However, the exact content of
what placebo information should consist of remains unclear. In Chapter 4, we aimed
to address this current knowledge gap and examined information strategies in the
general population to get a broad understanding of what individuals would like to
hear about the benefits of placebo effects. Eight different explanations about placebo
effects that were built around well-known placebo effects were formulated, and
compared to explore preferences for each explanation. Moreover, we assessed in
what ways participants were willing to receive placebos as a (component of their)
treatment to gain more insights in the applicability of placebos in practice. In addition,
in Chapter 5 we built upon these findings by assessing similar themes in health care
professionals (i.e. nurses, physicians and medical psychologists), namely by
investigating current knowledge of placebo effects, frequency of placebo use,
interests in learning more about placebo and acceptability towards placebo use in

treatment. By integrating the findings from Chapter 4 and 5 we are able to provide an
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inclusive overview from different perspectives of health care givers and recipients,

and demonstrate how placebo effects could be used and explained for daily practice.

Integration

e Learning theories and information strategies with open-label placebos

Despite the large body of work that supports the potential of placebo effects in clinical
implementation, the deceptive nature of placebo administration is often criticized as
this poses ethical concerns(54). However, new developments in placebo research
have taken place that surpass these ethical constraints. Findings from several clinical
studies found that placebo administration can also take place in a transparent
manner while still resulting in relevant therapeutic effects, called open-label placebos
(OLP)(55-59). With OLPs, the nature of placebo administration is disclosed and has
proven its therapeutic benefit by exceeding efficacy of no treatment groups, and
showing comparable results to traditional (deceptive) placebos(54). Evidence for
OLPs stem from various RCT findings, for example in patients with chronic low back
pain(55), cancer-related fatigue(60), irritable bowel syndrome(57), major depressive
disorder(58), attention deficit hyperactivity disorder(61), and allergic rhinitis(62),
thereby demonstrating the potential for clinical implementation. Based on the clinical
potential of OLP, in Chapter 6, we will employ an innovative OLP research design to
integrate of our findings from the previous chapters. First, we used a well-validated
experimental paradigm(63) in which we combined both the mechanisms of classical
conditioning and instructional learning induced by verbal suggestions, of which the
modes of action has been discussed in Chapters 2 and 3. Moreover, we integrated
our newly developed placebo information strategies from Chapters 4 and 5 to
educate participants about the potential of (honest) placebo effects in the OLP group
to further explore what underlying mechanisms steer OLP effects in healthy
volunteers and investigate the potential for clinical application.

In sum, this dissertation covers several relevant aspects of placebo research by an
exploration of the role of placebo effects (i.e. learning theories) in both psychological
and physiological outcome measures for immune-related conditions, by proposing a

research design based on the translation of placebo effects into medication
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regimens and propose a potential solution for MTX intolerance. Moreover, we
explained how placebo communication strategies can be developed based on
general population and clinical samples. Finally, all insights were combined for the

Integration in our final study design, thereby contributing to the main objective of this

body of work: optimizing placebo effects in medical contexts.

Dissertation e Overview

Optimizing placebo effects in medical contexts

Chapter 1 e General introduction of placebo effects and
relevance for medical context

Learning theories Communication strategies

Chapter 2 o Exploration of placebo effects Chapter 4 o Explaining placebo effects for a
in immune-related conditions general population sample

Chapter 3 e Translation of placebo effects Chapter 5 e Explaining placebo effects for
into a pharmacological conditioning design health care professionals

Integration

Chapter 6 o Classical conditioning, instructional learning and placebo information strategies with open-label
placebos

Chapter 7 e General discussion
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