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ABSTRACT

Background: Patient expectancy of therapeutic imgmaent is a primary mediator of placebo
effects in antidepressant clinical trials, butntechanisms are poorly understood. This study
employed a novel antidepressant trial design, watigrated functional magnetic resonance

imaging (fMRI), to manipulate patient outcome expecy and examine its neural mediators.

Method: Twenty-three depressed outpatients, imdaaized controlled trial were assigned
to either Open (high outcome expectancy) or Placsimbrolled (low outcome expectancy)
treatment with citalopram for eight weeks. fMRI ssavere acquired before and after the
expectancy manipulation (before medication treatierhile participants performed a
masked emotional face task. Focusing on an amygegian-of-interest (ROI), we tested a
model where reduction in amygdala activation mediatutcome expectancy effects on the

slope of change in depressive symptoms.

Results: Following the manipulation, significantfeliences between conditions were found
in neural activation changes in the amygdala, dsasen superior temporal gyrus, insula,
and thalamus. Findings support the proposed mediatiodel according to which activation
in the left amygdala ROI decreased significantlyhi@ Open as opposed to the Placebo-
controlled group following randomization (p=0.008) sad vs. neutral face contrast. The
reduced left amygdala activation, in turn, wasgaificant predictor of decreased depressive

symptoms during the trial (p=0.007), and the meéaliatnodel was significant.

Conclusions: Results from this study, the firstigiesd to identify the neural mechanisms of

expectancy augmentation in an antidepressant raaddroontrol trial, suggest that



therapeutic modulation of amygdala activity mayabamportant pathway by which patient

outcome expectancy influences depressive symptoms.

ClinicalTrials.gov Identifier: NCT01919216; Triahme: Placebo Effects in the Treatment of
Depression: Cognitive and Neural Mechanisms, URL.:

https://clinicaltrials.gov/ct2/show/NCT01919216




INTRODUCTION

Placebo response in antidepressant clinical thatsemerged in recent years as a
complex phenomenon deserving scientific investoga(Rutherford and Roose, 2013). Meta-
analyses and retrospective analyses have sugdbatemlitcome expectancy, individuals’
cognitive appraisal of whether and how much thdy/lvenefit from treatment, may account
for a substantial portion of placebo-related imgroent in depressed patients (Papakostas
and Fava, 2009; Rutherford et al., 2009; Siny@l.e2010; Sneed et al., 2008). Recently, we
showed in a prospective, randomized study thaépatiutcome expectancy is an important
causal mechanism of placebo effects in antidepnéssiaical trials (Rutherford et al., 2017).
Specifically, expectancy was manipulated by ingtoms to participants about the probability
of receiving active medication as opposed to placehe group was told that they were
randomized to open trial antidepressant (100% ahahceceiving active treatment); the
other group was told that they were randomizeddogbo-controlled antidepressant (50%
chance of receiving active treatment). Self-regbebepectancy post-manipulation was a
significant mediator of the effect of expectancynipalation on post-treatment depressive
symptom reduction.

Studies of the neural mechanisms underlying plaediects in antidepressant clinical
trials largely have been limited to demonstratibgeotive differences in brain activity
between responders and non-responders to placeleostGdy (Mayberg et al., 2002) showed
that placebo responses of hospitalized patients dgpression were associated with regional
metabolic increases in cortical areas (prefroatatierior and posterior cingulate, posterior
insula) and decreases in limbic and paralimbicsa(#alamus, parahippocampus, subgenual
cingulate). Another studipund that placebo responders in an antideprestardal trial
showed unique prefrontal changes on quantitativé E&mpared to non-responders and

medication responders (Hunter et al., 2006). Algiotihese studies report important initial



findings, their naturalistic design cannot suppaentification of the causal mechanisms
underlying placebo effects.

fMRI studies of expectancy-based placebo effectmimdepressed individuals have
provided converging evidence suggesting that taelareas associated with generating and
maintaining expectancies include prefrontal cogeliregions, the orbitofrontal cortex, and
the rostral anterior cingulate cortex (Petrovialet2005). For example, in studies of placebo
analgesia, Wager et 42004) found that the anticipation of pain reliedsvassociated with
activations in orbitofrontal (OFC), dorsolateraéfrontal (DLPFC), parietal, and pregenual
anterior cingulate cortices, which modulated atiin parts of the insula, thalamus, and
cingulate cortex associated with pain (Wager e&l04), possibly by potentiating pain-
related opioid release (Wager et al., 2007). Onéys(Pecifia et al., 2015) involving
depressed patients, but which was not carried opta of a randomized control trial,
proposed that expectancy-based effects may besdt of changes in activation in the
subgenual anterior cingulate cortex, nucleus acemsmidline thalamus, and amygdala.
Taken together, these findings may suggest thabme expectancy-based placebo effects in
antidepressant trials may also be a consequeregettancy-related modulation of neural
activity in perilimbic brain regions, such as thmygdala, which support both affective
valuation processes in general and in MDD in paldic(Keltner et al., 2006; Nitschke et al.,
2006).

The structure and function of the amygdala have laemain focus of interest in
studies investigating the neural changes at this baantidepressant treatments, in part
because this region, whose structure and functewliarupted in MDD (Hamilton et al.,
2012; Stuhrmann et al., 2011), is a primary nodenodtional brain circuits (Williams and
Gordon, 2007). For example, amygdala activatiowlipte trajectories of symptom change

during antidepressant treatment, and it is espg@ahsitive to functional modulation (Fu et



al., 2004; Victor et al., 2010; Williams et al.,120) Williams and Gordon, 2007). A robust
way of probing amygdala activation by functionalir@maging is with emotional faces
(Ronchetti, 1990; Williams and Gordon, 2007), whinglve been used to define abnormalities
in the processing of specific emotions. Hyperatiraof the amygdala in MDD has been
observed during supraliminal and subliminal procegespecially of sad and fearful facial
expressions (Arnone et al., 2012; Fu et al., 28tguladze et al., 2005; Victor et al., 2010),
and was shown to attenuate following treatment aattidepressants (Arnone et al., 2012; Fu
et al., 2004; Victor et al., 2010; Williams et &Q15). The advantage of subliminal
conditions is that they help isolate the autompttacesses that underpin amygdala activation
from more elaborative supraliminal processes (s et al, 2006; Costafreda et al, 2008).
Based on the literature, it may be hypothesizerktbee that normalization of amygdala
hyperactivation in depressed individuals may bentleehanism by which the outcome
expectancy effect in antidepressant trials operates

Given the evidence of amygdala dysfunction in pasievith MDD, and its known
roles in subserving outcome expectancy/appraisagsses and mediating antidepressant
treatment effects, we sought to characterize tleeafothe amygdala in mediating expectancy
augmentation effects in antidepressant treatmartpa@ients with MDD were randomly
assigned to open administration (100% probabibfyjitalopram or placebo-controlled
administration (50% probability) of citalopram. @ome expectancy and depressive
symptom scores were followed over 8 weeks of arasment. fMRI scans were acquired
while patients performed a backward-masked emdtiaca task, designed to probe
amygdala activation, before and after the expegtammnipulation. An amygdala-based ROI
analysis, supplemented by voxel-wise whole braadyams, was performed to identify the

brain regions mediating clinical expectancy effed¥e hypothesized that successful



modulation of MDD-related amygdala hyperactivatiediates outcome expectancy effects

on response to treatment.

METHODS

Participants

The study was conducted in the Adult and Late Digpression Research Clinic and
MRI Laboratory at the New York State Psychiatristitute (NYSPI). All procedures were
approved by the NYSPI Institutional Review Boartigible participants were men and
women aged 24-65 years, who met Diagnostic ands&tat Manual IV (DSM-1V)
(American Psychiatric Association 2000) criteriaon-psychotic MDD, had a 24-item
HRSD score> 16, were right-handed, had no contraindicationgi®d, gave informed

consent, and complied with study procedures.

Study design

Study procedures are described in a previous repatinical findings (Rutherford et
al., 2017). Briefly, 50 patients were enrolled m&week antidepressant clinical trial,
randomizing participants to Placebo-controlled @pen groups. At baseline, patients
underwent initial evaluation, eligibility was assed, and pre-randomization HRSD scores
and outcome expectancy (operationalized as theeflvegarding the probability of receiving
medication: 0 vs. 25% vs. 50% vs. 100%) were measdMRI scan 1 was performed as
soon as possible after this visit, within 1 weetlldwing fMRI scan 1, patients’ level of
outcome expectancy was manipulated by randomizé&tieither the Placebo-controlled
group (50% chance of receiving active treatmentherOpen group (100% chance of
receiving active treatment), and patients werermgal of the results of randomization

(which was the means of manipulating outcome exgpegf). Outcome assessors were



blinded to group assignment. At the Week 0 visasstrandomization outcome expectancy
and depression scores were measured, with partisipaving this additional information.
Participants in the Placebo-controlled group wéireded to treatment assignment within the
group. fMRI scan 2 was then performed within 1 wetthe Week 0 visit, after which either
citalopram or a placebo pill was administered. Thuagh pre- and post-randomization
outcome expectancy measurements and fMRI scanselr€obtained before patients

received any medication. HRSD was measured weeldythe 8-week clinical trial.

Materials
Masked Emotional Face task

In this task, participants viewed black and whitdyres of human faces displaying
fearful, sad, happy, or neutral emotional expresstaken from a standardized series (see
Figure 1) (Ekman, 1976). Stimuli were masked so that an ematiface was presented for
33ms followed by 160ms presentation of a neuti@ f&ilot testing and post-scan debriefing
indicated that participants are only consciouslp@@nof observing one face per trial.
Following the face presentations, participants inbaéfective ratings using a grid displaying
the dimensions of valence (pleasant-unpleasantpendal (excited-sleepy) as visual
analogue scales on the x- and y-axes, respectiziging from 1 to 100 in each dimension.
Patients viewed 1 run of 120 trials comprising 8&spntations of each emotional valence
(sad, happy, fearful, and neutral) followed by tieetral face. Each run scanned

approximately 450 functional images (TR=2000ms).

Image acquisition
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Images were obtained on a GE Signa 3-T whole bodgreer (Milwaukee, WI)
operating the E2-M4 platform using a quadraturedieeal in receive mode. T1-weighed
sagittal localizing images were used to positiomlaanctional images parallel to the
anterior-posterior commissure (AC-PC) line. A 3@itgd gradient recall (SPGR) image was
acquired for coregistration with axial echoplamaages and a reference brain from the
Montreal Neurological Institute (MNI). Axial echapiar images (TR = 2000 ms, TE = 28
ms, 77° flip angle, single excitation per image&esthickness 3.54 mm, 1.0 mm gap, 24 cm x
24 cm field of view, 64 x 64 matrix) were obtairtedorovide an effective resolution of 3.75
mm x 3.75 mm x 3.5 mm and whole brain coverage) @k slices in each imaging volume

and 452 volumes per run.

Image pre-processing

SPMB8 (http://www.fil.ion.ucl.ac.uk/spm/) under MAAB 2014B was used to
preprocess the functional imaging data. The pregasiag procedure included the following
steps: (a) slice-timing correction using the midsllee of each run as the reference image;
(b) motion correction for three translational direns and rotations using a rigid-body
transform; (c) spatial normalization to the staddeiNI template using a hybrid algorithm of
affine transform and nonlinear warping. Each pgréint’s high-resolution structural image
(fSSPGR) was normalized to the template, and thelgst-specific warping parameters were
then used to normalize the functional images tcstme template; (d) reformatting of the
normalized functional images to 3x3x3 mm voxel$;Gaussian spatial filtering with a
FWHM of 8 mm. A discrete cosine transform-basedhpgss filter with a basis function
length of 128s was also used to remove low-frequencse, such as scanner drift, from the

baseline image intensity.
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Functional Image Analyses

Using SPM8, we performed an individual-level analyirst-level) to detect task-
related (face stimulation-related) activity witlgach participant. We then performed group-
level analysis (second-level) to detect randomaotdfef task-related activity. We conducted
the first-level analysis using the general lineadel (GLM), as implemented in SPMS, to
model the data for each participant, with 4 indejeen functions and a constant for each run.
The first 2 independent functions correspondedewéhts recorded in the task, each
generated by convolving a canonical hemodynamorese function (HRF) with a boxcar
function (BCF) derived from the onsets and duraioheach event, facial presentation, and
participant rating. The second 2 independent fonstwere generated by a separate
amplitude modulation of the facial stimulation ftioa with each rating score, arousal score,
and valence score. The model was estimated usingébtricted Maximum Likelihood
(ReML) algorithm. Task-related T contrast imageseagenerated using SPM8.

We implemented a Bayesian posterior inference ambr¢Surguladze et al., 2005)
for the second-level analysis of the contrast isageerated from the first-level GLM-based
analysis to detect the random effects of taskedlattivity within and between the groups.
We used a posterior probability of 97.50% as thestiold of significant posterior probability
maps (PPMs), a rigorous threshold in Bayesian emies, to ensure that reported findings are
true positives (Friston and Penny, 2003). We eihROI BOLD data based on the PPM
images within those regions, showing significamugr effects (open vs. PC group) in the
differences between scan 2 and scan 1 on the sbirtrages of sad vs. neutral faces. The
amygdala ROI was defined based on a brain atlasi(sret al., 2005), and the signal was
extracted from the ROI by averaging BOLD signal®sas all voxels within the ROI for each

contrast, for each patient. We entered the ROl id&befurther mediation analyses.
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Data Analyses and Hypothesis Testing

First, we used a Mann-Whitney-Wilcoxon Exact Tesassess whether the outcome
expectancy manipulation in the MRI subsample predwsignificant changes in outcome
expectancy from pre- to post-randomization. Secadysed Spearman correlation to assess
whether changes in outcome expectancy from prpest-randomization significantly
correlated with changes in neural activation witspecified amygdala ROIs from pre- to
post-randomization. Of the three contrasts examisad vs. neutral, fearful vs. neutral, and
happy vs. neutral faces), we focused the ROI agsalgsa the contrasts that showed
substantial changes in amygdala activation in theletbrain analyses.

Following Preacher and Hayes (2004), we assessd@noa by testing whether the
expectancy manipulation was associated with chaingasiygdala activation, and whether
change in amygdala activation in turn correlatethwhe slope of change in HRSD,
controlling for expectancy manipulatioRigure S1). Next, we repeated these mediation
analyses using robust linear models based on MWhatirs, as implemented in the WRS2
package of R software. Robust inferential methafopm well with relatively small sample
sizes (Ronchetti, 1990; Wilcox, 2011), assignirvgedght to each observation based on its
Mahalanobis distance, so that observations inaiheftthe distribution receive lower
weights. Finally, we estimated and tested the Stgrice of the mediation effect using
10,000 bootstrap samples combined with a robushagon routine (Zu and Yuan, 2010).
We calculated the proportion of the explained var&a(R) of the robust regression effects,
as previously described (Willett and Singer, 1988).

RESULTS

Demographic and clinical characteristics

13



Of the patients participating in the RCT, 23 meagimg criteria (no MRI-
contraindications, etc.), and created the effedample for this secondary analysis. Of these
patients, 9 were randomized to the Open group 4rtd the Placebo-controlled group (11
received medication and 3 received placebo). Nwifsignt differences in demographic data
or baseline clinical characteristics were foundueein participants who were and were not

scanned (Table S1), or between participants ifPtheebo-controlled and Open groups.

Behavioral effects

Valence and arousal ratings of the masked feagéad, happy, and neutral faces are
presented in Table S2. Across groups, at Scardlarséfearful faces tended to be rated as
more arousing and less pleasant than neutral faagegjven the relatively small sample size,
significant differences between emotional and rad#ices were observed only on valence
ratings of fearful faced§4=-2.38,p=.02, Cohen's d = 0.97). Participants randomizdti¢o
Open group experienced numerically larger decreasm®usal/valence ratings measured
before and after randomization to group than didig@pants randomized to the Placebo-

controlled group, but group differences were natistically significant.

Whole-brain and ROI analyses

Compared to the Placebo-controlled grokigyres 2b, 2Sh, and 3Sbh), the Open
group Figures 2a, 2Sa, and 3Sa) showed significant neural activation changesamh\s.
neutral, fearful vs. neutral, and happy vs. newositrasts following the outcome expectancy
manipulation (for the comparisons between the gspspd-igures 2c, 2Sc, and 3Sc, for
sad, fearful and happy faces, respectivéhigure 2 (for the sad vs. neutral face contrast) and
Figures S2-3 (for the fearful/happy vs. neutral contrasts) shamificant group differences

in numerous brain regions, including amygdala (p@adterior probability (PPP)>99.99%),
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superior temporal gyrus (STG) (PPP>99.99%), postakgyrus (PoG) (PPP >99.99%),
insula (PPP>99.99%), and thalamus (PPP>99.88%\eei-groups contrasts on all three
emotional face contrasts (sad vs. neutral, feaduheutral, happy vs. neutral) demonstrated
significant deactivations in the superior tempagnaus and DLPFC bilaterally, but bilateral
amygdala deactivation was observed on the saceustah face contrast only.

Focusing on the pre-post-randomization activati@psbetween the Open and
Placebo-controlled groups in the amygdala ROI riedegreater decreases in amygdala
activation on the sad vs. neutral face contraitenrOpen groupHigure 2c). At baseline,
participants in the Open group demonstrated aabivam the left amygdala on this contrast,
which, as expected, decreased following randonaimaproducing a significant left
amygdala deactivation from Scan 1 to ScaRigyre 2a). In contrast, as expected, a
significant activation increase was observed frararSl to Scan 2 in the Placebo-controlled
group, resulting in a significant between-grouggedence in left amygdala activation change
from pre- to post-randomization (from Scan 1 torS2gFigure 2b). Figure 3 depicts these
activation changes on the sad vs. neutral faceastmin the same coronal slice for each

group, enlarging the left amygdala ROI. Peak cowigdis are presentedTiable 1.

Neural mediation of outcome expectancy-based ptaeéiects

We tested whether activation change in the amygd@lhon the sad vs. neutral face
contrast mediated the observed clinical effectadfgmt outcome expectancy on depressive
symptom severity. First, we re-confirmed (in thasadler neuroimaging subset of our larger
clinical sample) that the experimental randomizatm Open vs. Placebo-controlled group
resulted in between-groups outcome expectancyrdiftes. The Mann-Whitney-Wilcoxon
Exact Test demonstrated significant outcome expegtdifferences between groups

(W=31.5,p=.007), with patients in the Open group showingsicantly greater increase in
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outcome expectancy from pre- to post-manipulatdagn=1.75, SD=0.50) than patients in
the Placebo-controlled group (Mean=-0.12, SD=0.64¢ond, we found a significant
association between changes in left amygdala dictivand in outcome expectancy from
pre- to post-randomization<-.74,p=.006): there was a greater decrease in randomizati
induced amygdala activation for the left amygda@atcome expectancy scores increased
(became more positivEigure $4a). This association was not observed for the right
amygdala=-.11,p=.24; Figure $4b).

Finally, we tested the mediation model. Any basetiifferences were accounted for
in the mediation analysis by the use of delta scddecause there were no significant
differences between activation conditions in tlghtriamygdala for sad facgs=(35), these
data were not included in further analyses, andralyses reported from here onward refer
to the left amygdala. The first model revealedgaigicant effect of outcome expectancy
manipulation on changes in left amygdala activafgxb.94, S.E.=2.0%=2.86,p=0.009,
R?=0.28). Patients in the Open group showed sigmiflgagreater reduction in activation
from pre- to post-randomization (Mean=-2.34, SD€3than did patients in the Placebo-
controlled group (Mean=3.59, SD=5.66). The secondehrevealed a significant ability of
changes in amygdala activation to predict the stfpshange in depressive symptom severity
(HRSD scores) from Week 0 to endpoint, controllimgoutcome expectancy manipulation
(Open vs. Placebo-controlledjigure S5, B=-0.09, S.E.=0.037~-3.01,p=0.007). The
significant effect suggested that HRSD scores dedlover time at a faster rate for patients
demonstrating greater reduction in amygdala astimgdtom pre- to post-randomization. The
change in HRSD from week 0 to week 8 for the p&tiemthe upper quartile of amygdala
activation reduction was 15.0 (SD = 13), whereaglfose in the lower quartile was 7.4
(SD = 11.5). The indirect effect was significarE£+0.52 CI195% [-1.3078, -0.0311],

R?=0.21). The total effect of outcome expectancy alation on HRSD slope was
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significant when not controlling for changes in aydgla activationg=-0.82, S.E.=.33=-
2.48,p=.02), and the direct effect was non-significanewlcontrolling for changes in
amygdala activatiorB=-0.29,S.E.=.33}t=-0.88,p=.39); 63.41% [0.07,0.71] of the total
effect of outcome expectancy on slope change inBiR3$nediated by changes in amygdala
activation. These findings support a mediation nhade/hich outcome expectancy
manipulation predicts changes in amygdala actimatidich in turn predict the slope of
change in HRSD.

Repeating the analyses using robust linear modsisdon M-estimators further
supported the proposed mediation model (IE=-0.52%84 [-1.3,-0.03], p=.027); 84% of the
total effect of outcome expectancy on HRSD slopas mediated by changes in amygdala
activation. The first model revealed that patienthe Open group showed significantly
greater reduction in activation from pre- to past@omization than did patients in the
Placebo-controlled groufB£5.83, k1,217~8.41,p=0.009, R=0.34). The second model
revealed that HRSD scores declined over time astef rate for patients demonstrating
greater reduction in amygdala activation from poepost-randomizatiorB&-0.09,
F(1,207~6.88,p=0.016, R=0.18). The total effect of outcome expectancy malattion on
HRSD slope was significant when not controlling ébanges in amygdala activatids¢
0.62,F(1,2074.05,p=.05, R=0.29), and the direct effect was non-significahew controlling
for changes in amygdala activatiddr(0.28,F 1 20=0.59,p=.45). Repeating the analyses
without patients receiving placebo (N = 3) resuitedimilar findings, and the mediation

effect remained significant (IE=-0.72 CI195% [-1.@69.0132]p=.042).

DISCUSSION
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The principal findings of this study were that esfagcy augmentation in this
antidepressant clinical trial, which we previoushowed to be mediated by self-reported
outcome expectancy, is partially mediated at aaldevel by reduced amygdala activation.
Manipulating outcome expectancy through increasetability of receiving active
medication (as opposed to placebo) was associatedlacreased amygdala activation in
response to sad emotional faces, which in turnagasciated with more rapid reduction in
depressive symptoms during the course of antideaneésreatment. Further modeling
revealed that the influence of outcome expectanayipulation on depressive symptoms was
partially mediated by change in amygdala activatmoeasured before patients received
antidepressant medication. To the best of our kedgé, this is the first study to demonstrate
that manipulating outcome expectancy in antide@r@ssials results in modulating amygdala
activation, making these findings an important steglucidating the neural mechanism of
the placebo effect in antidepressant clinicalgrial

These results are among the first to provide ewda the causal mechanisms by
which placebo effects operate in antidepressamiceli trials. Our findings are consistent
with neuroimaging investigations across a rangenobtional experiences, from physical pain
(Wager et al., 2004) to taste (O’Doherty et alQ20 suggesting modulation of amygdala
activation as a means by which expectancy regutatesl. The findings are also consistent
with a recent report investigating the neural dates of response to a 1-week placebo lead-
in phase and the association of placebo responggydead-in with response to brief
antidepressant treatment (Pecifia et al., 2015)#&sed placebo-induced p-opioid
neurotransmission in a network of regions implidatethe pathophysiology of MDD,
including the amygdala, was associated with bettéidepressant treatment response.
Consistent with previous reports (Williams et 2D15), the present findings suggest that the

normalization of amygdala activity goes hand-indhanth the normalization of symptoms.
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The finding of a mediation model in the left rattiean right amygdala is also consistent with
previous reports demonstrating left amygdala hypeisal in patients with MDD (Sheline et
al., 2001).

Using whole-brain analyses, we were also able pboe& other brain regions (e.g.,
thalamus, insula, the left and right superior terapgyrus [STG], and the left postcentral
gyrus [PoG]), demonstrating significant activatatifierences following the experimental
manipulation. These findings are consistent witbrptata and systematic reviews suggesting
that the thalamus and insula play a role in traosauplacebo response across disorders and
symptom types (Ashar et al., 2017). The STG has beplicated in impaired affective
appraisal effect (Ashar et al., 2017; Scott et26lQ7). The postcentral gyrus includes the
primary somatosensory cortex, which is structuratigl functionally connected to the
thalamus, and plays a role in controlling and mating associatively learned behaviors
(Chau et al., 2013; Galvez et al., 2006). Abnorfuattion of this area and its connectivity
with the thalamus have been suggested as a padtewtiaarker for MDD, given their
association with core clinical MDD symptoms (Karigk, 2018).

Determining the neural correlates of outcome exgrest provides important
information about changes in the brain associatiéid improvement in depressive symptoms,
and may help distinguish placebo response fromorgment due to specific medication or
psychotherapy effects. Although previous studiesilasd the brain changes observed during
open medication treatment or open psychotheraphyetspecific treatments, it is crucial to
differentiate the brain changes associated witly-@pecific or psychotherapy-specific
factors from those due to expectancy. This istecatishortcoming of previous research
because the changes are in part the result ofldaeféects. The data reported here help
efforts to reveal the neural correlates of treatnediects by identifying the neural

mechanisms of outcome expectancy.
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The most significant limitation of the present stusithe small sample size. Another
limitation is that because of ethical consideraiaghwas not possible to use a high-outcome
expectancy placebo group (i.e., informing partinigahat they were assigned to open trial
but providing them with placebo). Additionally, lattugh task-related neuroimaging
approaches are of great importance, their findgigsild be complemented with resting state
fMRI data, because each has its own advantagedisadivantages, and the literature reveals
that consistent vs. inconsistent findings betwéentwvo approaches can add meaningful new
knowledge (Di et al., 2013). Finally, although fivelings provide important support for the
proposed mediation effect, we did not examine anvealiators model according to which
expectancy manipulation predicts reduction in anajy@dhyperactivation, which then predict
changes in expectancy, which in turn predicts chamg depression.

This study is the first to manipulate and prospetyi study outcome expectancy,
deploying serial functional neuroimaging, and calrefeasurement of outcome expectancy
and depressive symptoms. The principal findingthefstudy are that placebo effects in this
antidepressant clinical trial, which we previoushowed to be mediated by outcome
expectancy, are partially mediated at a neurall leyeeduced amygdala activation. To the
best of our knowledge, this is the first study émbnstrate that manipulating outcome
expectancy in antidepressant trials results in rtadthg amygdala activation, making these
findings an important step in elucidating the neéorachanism of the placebo effect in

antidepressant clinical trials.
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Table 1. Peak coordinatesfor activation differenceson the sad vs. neutral face contrast from Scan 1 to Scan 2 between the Open and Placebo-

controlled groups

Peak location

Region Hemisphere Z score
X y z
Superior Temporal Gyrus R 60 -13 4 -7.40
Postcentral Gyrus L -60 -7 25 -6.96
Superior Temporal Gyrus L -56 -13 2 -4.19
Insula R 39 -9 7 -4.26
Thalamus R 8 -9 -3 -3.05

Amygdala L -17 -8 -24 -3.70




Table S1. Clinical and demographic characteristics of patients who were and were not scanned

Characteristic Scanned (N = 23) Not-scanned (N = 27) Comparison
(p value)
Age (years) 40.04 + 8.29 44.63 + 13.27 16
Gender (% male) 43.5 40.7 .53
Ethnicity (% Hispanic) 21.7 14.8 .39
Baseline 24-item HRSD 26.73+4.49 25.04 +4.94 21
Baseline QIDS SR 20.69 £6.51 19.53+5.79 51

Note. HRSD = Hamilton Rating Scale for Depression, QIIFS=SQuick Inventory of Depressive Symptomatologif-8sport.



Table S2. Behavioral data for fear, sadness anttalguiming for pre- and post-randomization foe tAlacebo-Controlled Group and the Open Group.
Participants rated arousal and valence on a twesmonal grid by moving an arrow controlled by aRIMompatible computer mouse. The screen
remained visible until the participant clicked thheuse button, up to a maximum of 5 seconds

Arousal Valence
Emotional facetype Group assignment Scan 1 Scan 2 Scan 1 Scan 2
Fear Placebo-controlled 8.0 (20.8) 11.6 (22.96) 0.62(20.33) -14.18(22.73)
Open Group 9.6310.30 2.95(21.90) -8.91(18.56) -1.54(20.89)
Sad Placebo-controlled 12.17(26.12) 11.53(23.48) 16.91(24.65) -13.58(22.2)
Open Group 9.75(14.01) 1.37(22.35) -10.72(16.03) -5.91(18.77)
Happy Placebo-controlled 11.1(22.7) 11.9(23.2) 1) -10.0(22.3)
Open Group 12.4(10.7) 4.6(21.8) -10.1(11.4) ARP2
Neutral Placebo-controlled 6.43(22.28) 6.98(21.90) -13.67(22.19) -9.93(24.43)

Open Group 7.92(17.56) 1.46(24.15) -.93(19.85) -.82(23.23)




Figure 1. Masked emotional face task. In this task,
participants viewed N=30 sad, fearful, happy, or neutral
faces for 33ms followed by a 160ms presentation of a
neutral face. Using this masking technique, subjects were|
only consciously aware of the second, neutral face.
Participants then rated the valence and arousal of the
neutral face on an affective circumplex grid.
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Figure 2. Within- and Between-group neural activation maps for the sad vs. neutral face contrast. Panels a-b present Scan 1, Scan 2, and their difference (Scan 2 — Scan 1) for the
Open and Placebo-controlled groups, respectively. Panel ¢ presents the between-group difference in neural activation change from Scan 1 to Scan 2.

Scan 1 Scan 2 Difference Scan 1 Scan 2 Difference Scan2-Scanl

A

b C

Thalamus Insula

+2 +2

Open Group Placebo-controlled Group Openvs. PC

Posterior probability: B
99.99% 97.5% 97.5% 99.99%




Figure 3. Within- and Between-group neural activation maps for the sad vs. neutral face contrast. To the left is depicted the amygdala region-of-interest,
and the panels moving left to right depict within- and between-group change in neural activation from pre- to post-randomization.
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