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Placebo analgesia is measured by self-report, yet current, expected, and recalled efficacy may be differentially
related to brain function. Here we used a human thermal pain model to compare self-reports of expected,
concurrent, and recalled efficacy of a topical placebo analgesic, and tested associations of the three measures of
efficacy with changes in dopamine D2/D3 receptor availability in brain using ['®F]fallypride with positron
emission tomography (PET). Participants (15 healthy women) were assessed on three test days. The first test
day included a laboratory visit, during which the temperature needed to evoke consistent pain was determined,
placebo analgesia was induced via verbal and experience-based expectation, and the placebo response was
measured. On two subsequent test days, PET scans were performed in Control and Placebo conditions, respective-
ly, in counterbalanced order. During Visit 1, concurrent and recalled placebo efficacy were unrelated; during the
Placebo PET visit, expected and recalled efficacy were highly correlated (p = 0.68, p = 0.005), but concurrent ef-
ficacy was unrelated to expected or recalled efficacy. Region of interest analysis revealed dopamine D2/D3 recep-
tor availability was lower in left ventrolateral prefrontal cortex in the Placebo condition (p < 0.001, uncorrected),
and greater change in this measure was associated with higher levels of recalled analgesic efficacy (p = 0.58,p =
0.02). These preliminary findings underscore the need to consider how self-reported symptom improvement is
assessed in clinical trials of analgesics and suggest that dopaminergic activity in the ventrolateral prefrontal

cortex may promote recalled efficacy of placebo.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

of disease severity (Farrar et al,, 2001; Von Korff et al., 1992). In chronic
pain patients, subjective symptoms of pain are the leading cause for

Clinical outcomes across a broad range of disorders are influenced by
placebo effects. Self-reported symptom improvement is a common
measure of the placebo response, particularly among patients with
chronic pain disorders, which often lack biologically based measures
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health care utilization (Andersson et al., 1999; Von Korff et al., 1991)
and the basis for perceived success of treatment (Dworkin et al., 2008;
Turk et al., 1993). Isolating biological mechanisms that mediate discrete
forms of self-reported placebo analgesia may help minimize placebo
effects in the context of clinical trials, or maximize them in the context
of clinical management of chronic pain.

The subjective experience of pain is shaped by many factors, including
mood and affect, expectations, prior sensory information, and the subse-
quent appraisal of this information (Senkowski et al, 2014).
Neuroimaging studies have suggested that placebo analgesia involves
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increased functional activity in medial, lateral, and orbitofrontal aspects of
prefrontal cortex (PFC), brain regions commonly implicated in regulating
expectations and reappraising outcomes (see meta-analysis by Amanzio
etal, 2013). This heightened engagement in brain regions that may inhib-
it the experience of pain through cognitive mechanisms, is often coupled
with diminished activity in the insula and striatum, brain regions com-
monly implicating in indexing the actual experience of pain (see meta-
analysis by Amanzio et al., 2013). Using positron emission tomography
(PET), we have previously shown that, among patients with a pain disor-
der, placebo analgesia is associated with heightened functional activity in
ventrolateral PFC (vVIPFC) (Lieberman et al., 2004). Other PET studies have
shown that endogenous opioid release in regions of the PFC and striatum
also mediate placebo analgesia (Pecina et al., 2014; Wager et al., 2007;
Zubieta et al., 2005, 2006). More recently, dopamine release in the stria-
tum has been linked to placebo effects in Parkinson's disease (de la
Fuente-Fernandez et al., 2002, 2001; Kim et al., 2008; Lidstone et al.,
2010; Strafella et al., 2006) and placebo analgesia (Scott et al., 2007,
2008). Such studies of dopamine release have not been extended to
extrastriatal brain regions, leaving open the question of how extrastriatal
dopaminergic function may contribute to placebo analgesia. Moreover,
despite the role of dopamine in shaping expectations, concurrent experi-
ence, and memory (Schultz, 1998; Wise, 2004), whether distinct aspects
of self-report are differentially related to subjective efficacy of placebo and
to dopaminergic function has not been fully explored (Pecina et al., 2014).
Finally, overlapping psychological processes, related to expectation, con-
current experience and memory, have important roles in shaping a
wide range of placebo effects (e. g., Benedetti et al., 2003; Leuchter
etal, 2014; Price et al,, 1999). Thus, distinct self-reported measures of pla-
cebo analgesia may vary in magnitude, which in turn may be related to
dopaminergic function.

To address these issues, we assessed self-reports of expected,
concurrent, and recalled placebo analgesia using a thermal pain
model. We used ['8F|fallypride, a high-affinity D2/D3 dopamine
receptor ligand (Mukherjee et al., 1995, 2002), with PET to quantify
striatal and extrastriatal receptor binding as participants underwent a
sustained pain challenge with and without a topical placebo analgesic.
We hypothesized that placebo effects would vary in magnitude,
depending on type of self-report measurement. The dopamine system
has consistently been linked with pain processing and placebo effects;
therefore, we hypothesized that D2/D3 dopamine-receptor availability
in the striatum and vIPFC would be lower in the placebo condition,
reflecting enhanced endogenous dopamine release. As distinct brain
regions that comprise the dopamine system may influence a variety of
mechanisms implicated in the appraisal subjective experiences, we
also hypothesized that dopamine release would be differentially related
to discrete self-reported measures of placebo analgesia.

2. Materials and methods
2.1. Subjects

Fifteen young women (mean + SD: 24.33 + 3.11 years) completed
the study. Participants were medication-free, right-handed, nonsmokers
with no current or lifetime major medical illnesses. The SCID-I/NP was ad-
ministered to confirm the absence of current and lifetime psychiatric dis-
orders (DSM-IV-TR, Axis I or II). Participants underwent a urine drug
screening at the beginning of each visit to confirm that they were drug-
free. Visits were scheduled to occur during the follicular phase of each
participant's menstrual cycle, and were re-scheduled as needed to accom-
modate cycle irregularity. On each testing visit, participants reported the
first day of her last cycle, and provided a saliva sample to test if estradiol
and progesterone levels were consistent with the follicular phase of her
cycle. Participants gave written informed consent prior to enrollment,
and at the conclusion of the study, were fully debriefed regarding the
use of deception. The institutional review board of the University of Cali-
fornia, Los Angeles approved all aspects of the study.

2.2. Experiment overview

Procedures were modified from a well-established paradigm in
which placebo analgesia is induced via verbal and experience-based
expectations of pain relief (Wager et al., 2004). Participants were told
that the goal of the study was to evaluate how the brain responds to
thermal stimulation when it is paired with topical application of either
a pain-relief medication or a control liquid that does not contain medi-
cation. The Placebo was identified as Lidocaine, a powerful topically
active, liquid analgesic. The Control was identified as water, which
would not affect pain but otherwise would provide a sensory experi-
ence similar to that of the purportedly active medication. In actuality,
both Placebo and Control liquids were water; no active medication was
used. The experimenter wore a white coat, applied the Placebo and
Control liquids with sterile, cotton-tipped applicators, from amber
vials marked “LIDOCAINE” and “WATER”, respectively. The investigator
wore examination gloves while applying the Placebo liquid but not the
Control liquid. During a laboratory visit, the temperature required to
evoke a subjective rating of moderate pain was determined, and placebo
analgesia was induced via an expectancy paradigm, as described below.
On two separate days, PET scans were performed using [ ®F]fallypride to
quantify D2/D3 receptor availability and how it may differ following
application of the Placebo and Control liquids, respectively.

2.3. Laboratory visit

The laboratory visit (Test day 1) had two parts: part 1, to identify the
temperature of thermal stimulus needed to evoke consistent pain and
induce placebo analgesia via a verbal and experience-based expectancy
procedure; part 2, to measure the placebo response during a painful
thermal stimulation.

2.3.1. Define thermal stimulus profile (Fig. 1A)

The Control solution, which was truthfully identified to the partici-
pant as water, was applied to the left upper or lower volar forearm
(location counterbalanced with that of Placebo across subjects). A ther-
mal stimulus was then delivered continuously for 12 min to the same
location using a temperature contact device (Yale University Bioengi-
neering Department; Eisenberger et al., 2006; Jarcho et al., 2013). Stim-
ulation started at 40 °C, and pain was rated at 15-sec intervals. Ratings
were made by finger press on a button box according to a 0-to-100
(no pain to most pain imaginable) visual analog scale (VAS), which
was displayed on a computer screen in front of the participant. During
each interval, a red bar on the VAS began at 0 and increased by 1
point every 150 ms. The participant was instructed to make a button
press when the bar reached the point on the VAS that described her
current level of pain. The bar remained at that point on the VAS for
the remainder of the 15-sec interval before being reset to 0. Tempera-
ture was adjusted at each interval to maintain a moderate level of
pain, defined as 30-40 on the 0 to 100 VAS scale, with 35 as a target
rating. Ratings 15 points above or below the target rating resulted in a
1.5 °C increase or decrease in temperature; parametrically smaller
adjustments were made as ratings approached 35 VAS. To avoid tissue
damage, the maximum temperature was set to 46 °C.

2.3.2. Expectancy procedure to induce placebo analgesia (Fig. 1B)

The Placebo, characterized as Lidocaine, was applied to a distinct
location of the upper or lower volar forearm (opposite location as the
control). A 3-min continuous thermal stimulus, purportedly at the
average temperature required to evoke moderate pain (i.e., the average
temperature for all intervals with a rating between 30 and 40 VAS), was
then delivered to the same location. To simulate the sensation of analge-
sia, the thermal stimulus was surreptitiously decreased by 3 °C from the
average temperature actually required to evoke moderate pain. This
procedure was performed to reinforce the expectation of analgesia.
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