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1 NEUROBIOLOGY OF PLACEBO EFFECTS
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PLACEBO EFFECTS

The neuroscience of pla effects:
connecting context, | g
and health

Tor D. Wager' and Lauren Y. Atlas? NATYRE REVIEWS [NEUROSCIENCE

O

External context Internal context

|+ Outcome expectancies:
| “My painwill go away”
* Emotions:
“l am less anxious”
* Meaning schema:
“l am being cared for”
* Explicit memories
* Pre-cognitive
associations

Verbal suggestions:
“This is going to makef
you feel better”

Place cues:
Doctor’s office

Treatment cues:
* Syringe
* Needle puncture




NEUROIMAGING STUDIES

Science

Placebo and Opioid Analgesia-- Imaging a Shared Neuronal Net
Predrag Petrovic, Eija Kalso, Karl Magnus Petersson and Martin Ingvar

Science 295 (5560), 1737-1740.
DQI: 10.1126/science.10671760riginally published online February 7, 2

C Placebo analgesia network

A Opioid network
masked with the opioid network
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META-ANALYSES AND MODELS

S2—dpINS:
somatic pain

motivation;
decision; affect

dACC:

avoidance value

vmPFC:
meaning ‘schema’

motivational 0 54

and hedonic A /8 . N

value ?'( N \Y)
PAG: RVM: ANV W SN -
emotion; regulation spinal control of AN Zubieta & Stohler 2009
of pain and autonomics pain and autonomics IOFC

Wager and Atlas 2015



BIOLOGICAL MECHANISN

Opioid, dopamine, cannabinoid, serotonerg
heuroendocrine, and nheuro-immun | pathways
(+ others) have all been implicate lacebo effects

Biological, clinical, and ethical agvances of placebo effects

Damien G Finniss, Ted ] Kaptchuk, Franklin Miller, Fabrizio B Lancet 2010; 375: 686-95

Psychosocial context
di@tion and/or conditioning
Immune Hormonal ression Parkinson's disease Hyperalgesia Analgesia and Analgesia and
responses responses l respiratory centres  cardiovascular system
v v v !
‘ IFNY, IL2 ‘ SHT | SHT reuptake | D2-D3 | CCK-A/CCK-B ‘ propioid ‘ B-adrenergic |
Immunosuppressive S ai Antidepressant Antiparkinsonian CCK antagonist Narcatic B blocker
Drugs

or our understanding of drug action: when a drug is prescribed, the very act of giving it to a patient (ie, the psychosocial context) might affect the
change the response to the drug. Reproduced with permission from reference 39. IFNy=interferon y. IL2=interleukin 2. CCK=cholecystokinin.




NEUROPHARMACOLOGICAL STUDIES

Neuron cell
PRESS

Activation of the Opioidergic Desc @ Pain
Control System Underlies Place gesia

Falk Eippert,’* Ulrike Bingel,2 Eszter D. Schoell,! Juliana Yacub# i er,® Jurgen Lorenz,?
and Christian Biichel'

A
Day 1: y 2: Day 2:
Manipulati nipulation Test

B Placebo cream

Behavio fMRI ,off*: fMRI ,on*;
trials each 6 trials each 15 trials each

B Control cream

| Placebo Control Placebo Control Placebo
cream  cream cream  cream
V No pain
Stimulus intensity: 80% 40% 80% 40% e 60% 60%
Administration of

naloxone / saline



THEORIES OF PLACEBO EFF=CTS

Two major theories to explain pIacebK«‘fe :

O
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Response Expectancy a
of Experience &

erminant

5€C haVior

Irving University of Connecticut

“Placebo ef enerally correspond to people’s
knowled e%eliefs about the kind of drug they
believe t are receiving, and for that reason, a
cau elation between expectancy and placebo
tion has generally been assumed...”

re



OPEN-HIDDEN PARADIGMS

Hidden application

Medication is
administered
by a physician

Expectancy-related
(placebo) effect

V Pharmacological effect

Pain relief

i T
Hidden Open
Enck et al. 2013



THEORIES OF PLACEBO EFF=CTS

Two major theories to explain placebKﬂ‘e

O
O%

LEARNING/
CONDITIONING
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CONDITIONING PARADIGMS

Learned immunosuppressive placgbo r&Sponses in
renal transplant patients

Julia Kirchhof?, Liubov Petrakova?®, Alexandra Brinkhoff®, Sven Beh stine Schmidt®, Maike Unteroberdérster®,
Benjamin Wilde®, Ted J. Kaptchuk?, Oliver Witzke®, and Man gwski®

dInstitute of Medical Psychology and Behavioral Immunobiology, Universi
PDepartment of Nephrology, University Hospital Essen, University of Duisbu
Essen, University of Duisburg-Essen, 45122 Essen, Germany; dProgram in Place
Boston, MA 02215; *Department of Infectious Diseases, Universi ital Essen,

Clinical Neuroscience, Karolinska Institutet, 171 77 Stockholm, @
Evocation
days 1 2 7 8
2d
time am pm E am pm am

22 Essen, Germany; “Clinic of Neurosurgery, University Hospital
tudies, Beth Israel Deaconess Medical Center/Harvard Medical School,
iversity of Duisburg-Essen, 45122 Essen, Germany; and 'Department of

March 7, 2018

Baseline Acquisiti

i S || W §d B 8§ W6
- SN :a: e;.mm “11?‘[;4

blood samples
11 am, 3 pm, 7 pm)

@y CsA/Tac  &aay Placebo “CS




THEORIES OF PLACEBO EFF=CTS

Two major theories to explain placewa‘fe

O
O%

“Qr than being viewed as an alternative to expectancy, classical conditioning can be
understood as one method by which expectancies are formed”



FROM NUISANCE TO TREATMENT

Neuron &
Placebo Effects: From the Neurobic®; Paradigm

to Translational Implications :

Fabrizio Benedetti *
De p artment fN ence versity of Turin Medical School and N

“Corresponden fb 0.ben dtm nito.it _
httpdd g10101

T Placeb

Ted J. Kap

ience, 10125 Turin, Italy

ts in Medicine
nd Franklin G. Miller, Ph.D.

N ENGLJ MED 373;1 NEJM.ORG JULY 2, 2015

ATURE REVIEWS|
se in medicine:

The placebo
' Ize or personalize?

Paul Enck, Ulrike Bingel, Manfred Schedlowski and Winfried Rief



HETEROGENEITY IN RESPONSES?
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RESPONDERS AND NON-RESPONDERS

Review | Cell

Genetics and the pl effect:
the placebome

Kathryn T. Hall'?, Joseph Loscalzes ed J. Kaptchuk'-?

Table 1. Polymorphisms in candidate genés that ma

Placebo pathway

e part of the placebome

Gene symbol Chromosomal Placebo SNPs
location

Dopamine COMT 22q11.2 rs4680 [38]
MAQO-A Xp11.3 rs6323, rs6609257 [43,55]

DBH 934 rs2873804 [43]

DRD3 3g13.31 rs6280 [59]

2d neurotropic factor BDNF 11p14.1 rs6265 [66]

Serotonin hydroxylase-2 TPH2 12g21.1 rs4570625 [75]

ryptamine transporter SLCE6A4 17g11.2 rs4251417 [43]

xytryptamine receptor 24 HTR2A 13q14.2 rs2296972, rs622337 [43]

Sagotonin transporter gene-linked 5-HTTLPR 17g11.2 Variable tandem [75]

lymorphic region nucleotide repeat
Opioid Opioid receptor OPRM1 6g25.2 rs510769 [69]

Endocannabingid Fatty acid amide hydrolase FAAH 1p33 rs324420 [73]



ALL DISEASES?

The NEW ENGLAND JOU RN,\F,DI(TIT\’F

‘ ORIGI®R'1‘ICLE
Active A%e\?l or Placebo, Sham

Acupunctu 0 Intervention in Asthma

Michael E. We M.D., John M. Kelley, Ph.D., Ingrid O.E. Boyd, M.P.H.,
Stefa the, B.S., Gautham Marigowda, M.B., Irving Kirsch, Ph.D.,

Elliot Israel, M.D., and Ted J. Kaptchuk




PLACEBO EFFECTS?
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Acupuncture Control

Figure 3. Percent Change in Maximum Expiragory Volume in 1 Second

(FEV,) with Each of the Four Interyenti

The relative improvement in FEM#achjeve@with albuterol was significantly
greater than that achieved wi
(P<0.001). No other differences

were significant. T barsqdicate st

Figure 4. Percent Change in Subjective Improvement with Each of the Four
Interventions.

The relative improvement in subjective outcomes, assessed with the use
of a visual-analogue scale (with 0 indicating no improvement and 10 indicat-
ing complete improvement), was significantly greater with the albuterol
inhaler, placebo inhaler, and sham acupuncture interventions than with the
no-intervention control (P<0.001). No other differences among the four ex-
perimental conditions were significant. T bars indicate standard errors.




“DIFFERENTIAL” PLACEBO EFFECTS
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Qyncept that different types of placebos may yield different

magnitudes of placebo effects



EARLY CONCEPTIONS...

124 J.AAM.A., April 15, 1961

SYSTOLIC
WEEKS OF THERAPY

ORAL (I Tab. Tid)
PARENTERAL (Iml. q 14 Days)

180

A Double-Blind Study of the tnteni -}

0 ‘-_-.'--‘--..--"‘-—--o-
. o e - L T
of Hypertensi . PARENTERAL
yp 3
E 1%
Raymond F. Grenfell, M.D., Arthur H. Briggs, M.D., and William C. nd, M.D., Jackson, Miss. - Comparison of the Effects of
o) Oral and Parenteral Administration
i | E on Placebo Response
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SHAM-CONTROLLED SURGICAL TRIALS

ANNALS OF SURGERY
WVal 233, Ne. 2, 303-307
& 2002 Lippmcott Willams & Wilkes,

Surgical “Placebo” Controls

Robart Tenery, MD, Dallas, TX-Charr; Herbart Rakatansky, MD, Providence, Rl-Vice-Chair; Frank A. Riddick, Jr., |
Orleans, LA; Michael 5. Goldrich, MD, Highland Park, MJ; Leonard J. Morsa, MD, Worcaster, MA, d. O'Banndw I, MO,
Richmond, VA, Priscilla Ray, MD, Houston, TX; Sharie Smalley, MD, Salt Lake City, UT-Raside Jatthew Weiss,
Chicago, IL-Studant Member. Staff to the Council on Ethical and Judicial Affars: Audiay Kao, hg Vice Prasident,
Ethics Standards Group, American Medical Association; Karine Morin, LLM, Council Secretary - or; Andrew
Maixnar, Council Siaff Associate; Sam Seiden, Council Staff Associate.




SHAM-CONTROLLED SURGICAL TRIALS

THE NEW ENGLAND JOURNAL OF MEDICINE
Vol. 260 No. 22 INTERNAL-MAMMARY-ARTERY LIGATION — COBB AL. 1115

AN EVALUATION OF INTERNAL-MAMMARY-A LIGATION BY A
DOUBLE-BLIND TECHNIC

Leon
The New Englanc rnal of Medicine
—
VOLUME 347 Jury 11, 20 NUMBER 2§ FOR SEVERE

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A CONTROLLED
FOR OST

A Controlled Trial of Renal Denervation
for Resistant Hypertension

J. BrRuce MoskeLey, M.D., Ki
BarucH A. Broby,

Deepak L. Bhatt, M.D., M.P.H., David E. Kandzari, M.D., William W. O'Neill, M.D.,
Ralph D'Agostino, Ph.D., John M. Flack, M.D., M.P.H., Barry T. Katzen, M.D.,
Martin B. Leon, M.D., Minglei Liu, Ph.D., Laura Mauri, M.D., Manuela Negoita, M.D.,
Sidney A. Cohen, M.D., Ph.D., Suzanne Oparil, M.D., Krishna Rocha-Singh, M.D.,
Raymond R. Townsend, M.D., and George L. Bakris, M.D.,
for the SYMPLICITY HTN-3 Investigators*




RECENT ATTENTION...

Articles I

Percutaneous coronary intervention in gina @Tk®
(ORBITA): a double-blind, randomised contolled trial

homas Keeble, Michael Mielewczik,
nd, James Howard, Christopher Baker,
ollier, Matthew Shun-Shin, Simon A Thom,

phn Davi
bk, Yousif Ah
ensel, Davj

Rasha Al-Lamee, David Thompson, Hakim-Maoulay Dehbi, Sayan Sen, Kare Tan
Raffi Kaprielian, Iqbal S Malik, Sukhjinder S Nijjer, Ricardo Petraca, Christopher d
Andrew Sharp, Robert Gerber, Suneel Talwar, Ravi Assomull, Jamil Mayet, Roland
Justin E Davies, Darrel P Francis, on behalf of the ORBITA investigatg,

Articles l

omial decompression for subacromial ~ @ *\ ®
SAW): a multicentre, pragmatic, parallel
-controlled, three-group, randomised

o@behalf of the CSAW Study Group*




META-ANALYTIC APPROACHES

Placebo interventions for all clinical conditions (Review)

Hrébjartsson A, szsc@
r'Meta-regrea!;yses showed that larger
f

effects of plag€bo interventions were
a@ed with physical placebo
% tions” (e.g. sham devices)

THE COCHRANE
COLLABORATION®

Q & Not head-to-head comparisons



DIRECT APPROACHES

Journal of
Clinical
Epidemiology

Journal of Clinical Epidemiology 53 (2008) 786-792

Do medical devices have enfanc lacebo effects?




TMS AND PLACEBO EFFeCTS




EXEMPLIFICATION OF AN ELABORATE
THERAPEUTIC TECHNOLOG




= Achieve blinding but avoid meaninng

stimulation to the brain
= Goal: Mimic TMS’s visual and au @

(+/- tactile) experience but shi e
brain from the magnetic fi
= Many different sham d chniques
European Jouwrnal of Newrosclence, Vol 38, pp. 20732077 2013 iz 100111 Lejn. 12307

TECHNICAL SPOTLIGHT
Challenges of propgr o control for non-invasive
brain stmuatonQn/ al and experimental applications

Mick J. Davis,' Edward Gns Alvaro PagtualkLeone” and R. Martyn Bracewel '

*Include a measure assessing success of blinding!




QUANTIFYING PLACEBO EFFECTS

A systematic review and meta-analysis on placebo re se to repetitive
transcranial magnetic stimulation for depression t

CrossMark

Lais B. Razza®”, Adriano H. Moffa®, Marina L. Moreno”, Andrg F
Felipe Fregni’, André R. Brunoni®“

o°, Frank Padberg®,

(2018) 105-113

Study
D

61 studies, large effect gize o - =T

— 064
Anderson (2007) ——— 049(-024,1.22) 174
Avery (2006) — 075(023,1.26)  2.18
Baeken (2013) —4—— 059 (-0.27,1.45) 151
y Bakim (2012) —— 095(0.10,1.81) 152
Berman (2000) —_— 0.11(-0.76,0.99) 148
0 Blumberger (2012) —— 134(061,207) 174
Blumberger (2016) —— 100 (052:147) 226
Boutros (2002) e 1.05(-0.0,2.12)  1.19
Chen (2013) | ——— 217(1.05,329) 112
Chistyakov (2015) +—— 060 (-0.17,1.38)  1.66
» Concerlo (2015) — 0.16 (0.56,0.88) 1.7
Duprat (2016) - 044 (-0.12,1.00) 208
e a - e e S S I o n Eschweiler (2000) —_— -0.55(-1.83,073)  0.95
Fitzgerald (2003) —— 0.04(-0.58,0.66)  1.96
Fitzgerald (2012) —_— 0.05(-059,0.70) 190
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VARIABILITY IN PLACEBO RESPONSES

JAMA Psychiatry | Original Investigation &
Effect of Repetitive Transcranial Magng imulation

& - & - | =
on Treatm_ent-Re_5|_stant_Major Depreé @ INU 5 00 wien o7e0
A Randomized Clinical Trial .
Jerome A. Yesavage, MD; J. Kaci Fairchild, PhD; Zhibao Mi, PhD; Kousick Big NR: Anne Davis-Karim, PharmC B Active [T Sham
Ciaran S. Phibbs, PhD; Steven D. Forman, MD, PhD; Michael Thase, MD; Le@n iliams, PhD;
Amit Etkin, MD, PhD; Ruth O'Hara, PhD; Gerald Georgette, RN; Tapi#@ a »Grant D. Huang, MPH, PhD; 404
Art Noda, MS; Mark S. George, MD; for the VA Cooperative Studié rogra tudyTeam "
1 £ 130
“41.0% of the vetera actlve <
treatment group ed remission of £ 201
depressive s s”* o
*No diffe om sham group (37%) oL !d f
nao nao
Treatment Follow-up



PLACEBO MODULATION OF AMYGDALA

Psychophysiology, 48 (2011), 1119-1128. Wiley Periodicals, Inc. Printed in the USA.
Copyright (© 2011 Society for Psychophysiological Research
DOI: 10.1111/j.1469-8986.2011.01178.x

A follow-up fMRI stu( g
anxiolytic effect

Amygdala S
in Patient

ions Tied to SSRI and Placebo Response
ocial Anxiety Disorder

WENCAI ZHANG," SHAOZHENG QI

*Key Laboratory of Mental Health, Institute of Ps;
Learning and Cognition Laboratory, Capital Nor
“Center for Cognitive Neuroimaging, Donders Instit

a Faria® euwe Appelz, Fredrik Iihss, Clas Linnman", Anna Pissiota', C")rjan Frans', Massimo Bani®,

ettica®, Emilio M Pichs"’, Eva jacobsson7, Kurt Wahlstedt’, Mats Fredrikson' and Tomas Furmark'

regions in anxiolysis
V Faria et al

b

Left amygdala Right amygdala

O - -

: L] Placebo nenresponders, n=26
| B Piacebo responders, n=11
] S5R| nonresponders, n=15

~r B SSRI respandars, n=20

Change in amygdala blood flow, % (SE)




AN EXTREME EXAMPLE...

Cephalalgia /% nze

Original Article sl Jourralof Hesdach
Cephalalgia
. N . o o 2014, Vol. 34(6) 464447
Randomized, proof-of-principle clinical © inrnaiona e

trial of active transcranial magnetic
stimulation in chronic migraine

Adriana B Conforto'2, Edson Amaro Jr"*, André L Goncalv
Juliane PP Mercante', Vera Z Guendler', Josione R Ferreira
Clara CFB Kirschner' and Mario FP Peres'*

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks

&

0 gt

- 1 W
3 -3
E . :
2
gg ] ;

©
c *
-Eg— -9 g -8
Q=
s = * £
o2 —12 g .
g3 § -
58 ~151 £
= 3
S 181 % -12
Ko} * 2
< Q

-o~Active < 15 —+ Sham  -o-Active

g WStandard errors) compared to baseline, in the number of days with pain (a) and pain intensity
of treatment. *p value < 0.05.

-
!

)

A N~
<q ',,
)

\
Ny

“Contrary to our primary
hypothesis, the number of
headache days decreased
significantly more in the sham
group than in the group treated
with active rTMS-DLPFC at
eight weeks. Average decrease
in headache days was >50% in
the sham group, indicating a
powerful placebo response.”



EVIDENCE FOR “DIFFERENTIAL EFFECT"?

R ) .
OPEN 8 ACCESS Freely available online = PLOb one

Placebo Response of Non-Phar ogical and
Pharmacological Trials in Maj ssion: A Systematic

Review and Meta-Analysis

André Russowsky Brunoni', Mariana Lopes’, Ted J. tchuk?®, Felipe Fregni'*
1 Berenson-Allen Center for Noninvasive Brain Stimulation, Beth g8fael Deacamess Medical Center, Harvard Medical School, Boston, Massachusetts, United States of
America, 2 Department and Institute of Psychiatry, University of Sa@o Paulo, Sao\Paulo, Brazil, 3 Osher Research Center, Harvard Medical School, Boston, Massachusetts,

United States of America

Compared iper group from escitalopram
medicati ials to the sham TMS group of TMS

trials
Repatrte significant difference...BUT

thedological limitations
rogenous patient populations - “refractory”

VBIinding - double vs single

= Dated (only included trials 2002-2008)



FURTHER RESEARCH?

= Needed to delineate placebo effects from “other” effects
(including activation of coming to 'ta for treatment)

No studies comparing sham TMS to ;: o\n)atment” control
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IMPLICATIONS

Unfavorable impact on statistical power foxs€ham controlled
treatment trials
* RCT investigating a treatment with a embedded placebo effect

will generally need more subjects t efficacy than a treatment
with a smaller placebo effect (Ka et al. 2000)

ailéble at ScienceDirect

Neurophysiology
urnal homepage: www.elsevier.com/locate/clinph
Guidelines
Evidence-based elines on the therapeutic use of repetitive @Cmsmk_
transcranial stimulation (rTMS)

eur *P*, Nathalie André-Obadia “Y, Andrea Antal®, Samar S. Ayache ab Chris Baeken "¢,
' Roberto M. Cantello’, Massimo Cincottal, Mamede de Carvalho’, Dirk De Ridder "™,
, Vincenzo Di LazzaroP, Sasa R. Filipovic 9, Friedhelm C. Hummel ', Satu K. Jddskeldinen ®,
Vdsilios K. [ skidis "', Giacomo Koch ", Berthold Langguth", Thomas Nyffeler ', Antonio Oliviero*,
adp€rg ¥, Emmanuel Poulet “*, Simone Rossi b Paolo Maria Rossini 2“9, John C. Rothwell *°,
los onfeldt-Lecuona®, Hartwig R. Siebner azah  Christina W. Slotefmal‘“, Charlotte J. Stagg aj,
d,am,

sep Valls-Sole 2, Ulf Ziemann #', Walter Paulus ', Luis Garcia-Larrea
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News and Events

Press Releases

Press Releases

- 2017
- 2016

Final Results from NICHE Phase |ll trial presented at the International Stroke Conference

Final Results from NICHE Phase Il trial presented
at the International Stroke Conference

23 February 2017

eases Archive



ISSUES REQUIRING CRITICAL
REFLECTION...

How should we
measure efficacy?
New approaches?

How do we leverage
enhanced placebo
effects?




Could stuc'v.no the placebo effect
“nwnge the way we think
about medicine?

- The New Yorker on PiPS Research
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