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FDA Approved Novel

• SSRIs (Selective Serotonin Reuptake Inhibitors)
• SNRIs (Serotonin-Norepinephrine Reuptake 

Inhibitors)
• TCAs (Tricyclic Antidepressants)
• MAOIs (Monoamine Oxidase Inhibitors)
• Antagonism at Presynaptic Receptors
• Antagonism at Postsynaptic Receptors
• NMDA Receptor Antagonism
• BDNF Induction

• Kappa opioid receptor (KOR) antagonist
• Targets synaptic function via mTORC1 pathway
• Enhances neural plasticity in the hippocampus
• Inhibits 11β-HSD1 enzyme, reducing cortisol 

levels
• NMDA receptor channel blocker
• GABA-A receptor positive allosteric modulator
• NMDA receptor channel blocker



The “Placebo Problem” 
is widespread



1. Imagination is the source of placebo effects 

2. We just need more objective outcomes; only subjective outcomes are 
susceptible to placebo effects

3. We just need larger studies to increase power

4. Knowing blunts the placebo effect; breaking the blind with open label 
placebos

5. Placebos don’t cause side-effects; nocebos in clinical trials

6. Drug and placebo responses are additive:
• the additivity assumption is that Drug Effect = Drug Response – Placebo Response
• Interaction Between Gene*Drug and Placebo Effects

7. Placebo arms can’t tell us much about what happened in a trial

Unmasking the Myths
7 Common “Misconceptions” About Placebos



Dummy pills Sham Surgery
 

Sham AcupunctureIncantations 
and Rituals

Nostrums and 
Patent Medicine

From salve…                                                                                 …to control



 

Debunking Mesmerism - An early clinical trial

Franz Anton Mesmer (1734-1815) 
Used metal wands then a baquet, a large 
oak tub of magnetized water with 
patients pressing afflicted areas against 
protruding metal. With music playing 
patients fell into trances, cathartic and 
curative “crises” - violent convulsions, 
fits of laughter, or piercing shrieks. Louis XVI commanded a Royal 

Commission led by Benjamin Franklin to 
investigate Mesmer’s Animal Magnetism

Not that magnetism didn’t work, but that sham magnetism worked equally well



Haygarth vs. Perkin’s Tractors – Franklin’s Legacy
Not that tractors didn’t work, but that sham tractors worked equally well

John Haygarth (1740-1827)
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Opioid antagonist, naloxone inhibits placebo analgesia

Amanzio and Benedetti, 1999. J. Neurosci.



Placebo 2.0: the impact of expectations on analgesic treatment outcome

Bingel, U. Pain 2020

• Positive expectations doubled analgesic effect of 

remifentanil

• Negative expectations nullified its pain-relieving 
benefits

• Subjective effects linked to significant changes in 
brain activity in areas related to pain perception

• fMRI findings:

• Altered processing of nociceptive input due to 

expectancy

• Positive expectancy increased activity in cingulo-frontal 

and subcortical areas

• Negative expectancy increased activity in the 

hippocampus and medial prefrontal cortex, linked to 

anxiety and pain exacerbation

The Brain on Placebos
Expectations are a key driver of placebo effects



Meta-analysis of neural systems underlying placebo analgesia 
from individual participant fMRI data

Zunhammer, M., Spisák, T., Wager, T.D. et al. Meta-
analysis of neural systems underlying placebo analgesia 
from individual participant fMRI data. Nat Commun 12, 
1391 (2021). 

• Participants: N=603 from 20 studies

• Pain-Related Activity Reduction:
• Ventral attention network 
• Somatomotor network

• Reduced pain-related activity 
• Thalamus
• Habenula
• Mid-cingulate
• Supplementary motor area

• Placebo-associated increases mainly in 
frontoparietal regions

Placebo affected pain-related activity in 
multiple brain areas, reflecting changes in 
nociception and other affective and decision-
making processes surrounding pain
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Subjective as well as some Objective outcomes 
are susceptible to high placebo response in trials

Vollert J, Cook NR, Kaptchuk TJ, Sehra ST, Tobias DK, Hall KT.JAMA Netw Open. 2020

Pain CRP ESR
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Increasing trial size does not necessarily result in 
greater separation from the placebo response

Dunlop et al., Neuropsychopharmacology 
(2012) 37, 2830–2836

Kemp et al., Schizophr. Bull 
(2010) 36, 504-509

Small effect size
(need greater power)

Smaller 
differences 

between drug 
and placebo

Drugs ineffective
Placebo response 

increasing?

Larger trials
(global trials)

Greater Heterogeneity
Access to medical care

Inclusion/Exclusion criteria
Cultural norms wrt to care

Tepper et al. The Journal of Headache and 
Pain (2023) 24:54

Migraine SchizophreniaDepression
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Open-Label Placebo Randomized Trials for Chronic Primary PainOpen-Label Placebos

Spille, L., Fendel, J.C., Seuling, P.D. et al. Open-label placebos—a systematic review 
and meta-analysis of experimental studies with non-clinical samples. Sci Rep 13, 3640 
(2023).

1. The placebo effect is powerful. It is well known that placebos are very 
effective, particularly in the area of pain, Parkinson's disease, 
depression, migraine, and asthma.

2. The body can automatically respond to placebos like Pavlov's dogs 
who salivated when they heard a bell. 

3. Researchers assume that this culturally anchored ritual activates 
automatic self-healing processes, which in turn may lead to an 
effective analgesia.

4. An advantage of placebos is that a positive attitude can be helpful 
but is not necessary.

5. Adherence, taking the placebos faithfully is critical.
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Wood, et al. NEMJ, 2020

• Patients with history of 
discontinuing statin treatment 
due to side-effects

• 60 patients followed for 12 
months

• Patients received 1 month of pills 
(placebo, atorvastatin, or empty 
bottle) at a time

• Order of months randomized
• 50% restarted statin use after trial

“In patients who had discontinued 
statin therapy because of side effects, 
90% of the symptom burden elicited 
by a statin challenge was also elicited 
by placebo.”
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Candidate genes

Adrenergic signaling
COMT, MAO-A,B

Opioid signaling
OPRM1, OPRK1, 

OPRL1

Cholecystokinin 
signaling

CCK

Dopamine signaling
DRD2, DRD3, COMT

DAT, BDNF, MAO-A,B

Endocannabinoid 
signaling

FAAH

Serotonin signaling
TPH2, SLC6A4, 
HTR2A, HTTLPR



me t/met 
(more dopam ine)  

“re sponder”

val/val
(less dopamine) 

“non-responder”

Hall et al., PLoS ONE. 2012

COMT associated with placebo effects in IBS

Wang et al., Frontiers in Pain. 2022

COMT metabolizes dopamine
COMT rs4680 genetic variant associated with placebo response in IBS



48 studies 
Seed genes = 28
Seed connectors = 26
Placebome module = 54

Network analysis suggests placebome 
overlaps with disease and drug-related genes

Drug-related genes

Disease-related genes



Major CVD events 
Placebo group – 522
Aspirin group – 477 

Aspirin effect non-significant 
9% reduction in of major CVD risk

RR 0.91, CI [0.80-1.03], P=0.13

 

In WHS no difference between aspirin and placebo

Ridker et al., NEJM. 2005

COMT associated with outcomes in the placebo arm

Hall KT. et al., 2014 Atherosclerosis Thrombosis and 
Vascular Biology

Years
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COMT associated with differential CVD 
prevention in aspirin vs. placebo

p=0.0008
interaction p=0.0022

met/met aspirin

val/val aspirin

met/met placebo

val/val placebo

Placebo 
n=5,814

Aspirin
n=5,815

Vitamin E
n=5,863

Aspirin + 
Vitamin E
n=5,802

Hall et al., ATVB. 2014



Anton et al. (2020) Alcohol Clin Exp Res

Farrell et al. (2012) Biol. Psychiatry

Other conditions Epigenetic Effects

Gene*Gene Interactions

Other Genes

Wang et al. Clin Pharmacol Ther . 2019 December ; 106(6) : 1261–

1267



WHAT WE EXPECT 

How might genes that modify placebo response influence clinical trials?
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1. Placebo effects are not just in the mind, they derive from demonstrated 
neurological responses

2. Objective outcomes: Both objective and subjective outcomes can be 
influenced by placebos.

3. Larger studies: Increasing study size alone doesn't eliminate placebo 
effects.

4. Knowing blunts effect: Open-label placebos can still be effective.

5. No side-effects: Placebos can cause side-effects, known as nocebos.

6. Additive responses: Drug and placebo responses are not simply additive. 
Gene*Drug interaction: Genetic factors can influence placebo 
effects.

7. Placebo arms: Placebo arms provide valuable insights yet are often 
overlooked.

Unmasking the Myths
7 Common “Misconceptions” About Placebos
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• Examine our expectations

• Investigate gene*drug and placebo interactions 
and how they impact subpopulations 

• Who benefits or is harmed by therapies

• Can we salvage drugs with proven safety and 
compelling mechanisms of action that failed to 
beat placebos?

• Can we use drugs to boost or block placebo 
responses? Perhaps some drugs already do

• Safe, marginally effective, conditional approval?

• Placebo first? 

• Accentuate the positive

Some considerations
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BC 1300 1700 1800 1900 1940 1960 1980

“Flatterers are the Devil’s 
chaplains, always singing 
Placebo.” 
Chaucer’s Canterbury Tale

“I prescribed 
therefore in 
pure placebo, 
but I  make it 
a rule even in 
employing placebos to 
give what would have 
a tendency to be of 
use to the patient” 
William Cullen

Randomized Clinical Trials
 

“It is evident that 
placebos have a real 
therapeutic effect 
being produced in 35% 
of cases.” 
Henry Beecher
 

Placebo Domino in regione 
vivorum. Psalm 116:9
“Call for  the wailing 
women to come; send for  
the most skillful of them.” 
Jeremiah 9:17

A brief history of placebos
Regular university-trained 
physicians Blood letting, 
purging, sweating

Quacks, nostrums and 
patent medicine

Three Big Ideas 
Receptor concept in pharmacology 
Homeostasis in physiology
Metabolism in biochemistry

Franklin vs. Mesmer 
Haygarth vs. Perkins 

The Edwin Papyrus
Dynasty 16–17, 
ca. 1600 B.C. Thebes

2000 2020 …

Opioid Signaling Implicated 
in Placebo Analgesia

 

Neural systems underlying 
placebo analgesia



Prank gone awry, Hamburg, 2014

Expectation plays a critical role in placebo, nocebo effectsExpectations are a key driver of placebo effects
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• To maximize placebo effects and 

minimize detrimental effects of nocebo, 

experts encourage clinicians to become 

familiar with placebo and nocebo effects 

and educate patients about potential 
mechanisms of effects. 

• Encourage conversation with patients 

about their needs and expectations 

about their treatment

• Frame information in a reasonably 
positive context and avoid negative 

contextual experiences (Barsky et  al., 

2002; Colloca and Barsky, 2020).

Practical Ways to Reduce Nocebo and Enhance Placebo Effects



Kaptchuk et al., BMJ  2008

Randomized 
(n=262)

Waiting list (n=87) Limited placebo 
(n=88)

Augmented (n=87)

Dissecting components of the placebo effect



SAH

COMT

Dopamine

Nor-
epinephrine

Epinephrine

Catechol 
estrogen

SAM

Catechol-O-methyltransferase (COMT) 
metabolizes catecholamines

CH3
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