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• To support an experimental therapeutics approach to interventions and 
facilitate strategies for translating scientific discovery into novel treatments for 
psychiatry.

• Growing evidence that alterations in reward processes may underlie motivational 
and anhedonic symptoms in depression and schizophrenia

• How can we expand our growing understanding of ‘transdiagnostic’ psychiatric 
symptoms to inform development of novel treatments for BPSD? 
(PLOS ONE | DOI:10.1371/journal.pone.0157084 June 14, 2016).

Objective of RDoC (Research Domain Criteria) strategies

NIMH RDoC focused on Five Domains (plus subdomains):
Negative Valence (threat, loss, fear) but overlaps with Positive valence
Positive Valence 
Cognitive Systems (Vigilance/arousal, Controlled/automatic, Capacity/Interference control)
Systems for Social Processes
Arousal/Modulatory Systems

See August 2016:
https://www.nimh.nih.gov/about/advisory-boards-and-groups/namhc/reports/rdoc_council_workgroup_report_153440.pdf

Jill Heemskerk, PhD
Deputy Director, Division of Adult Translational Research
National Institute of Mental Health, NIH



Research Domain Criteria Matrix
A suggested organizational structure for knowledge

1. Reward Responsiveness
1.2. Reward Anticipation (v initial response, v satiation)

Monetary Incentive Delay Task 
Knutson et al. 2000

2. Reward Learning
2.2. Probabilistic & Reinforcement Learning (v habit, v predict. error)

Probabilistic Reward Task 
Pizzagalli et al. 2005

3. Reward Valuation
3.1. Reward (probability) (v Delay, v Effort)

Probability Choice Task 
Levy et al. 2010 3

Modified from: Behavioral Assessment Methods for RDoC Constructs; 
August 2016: Report by National Advisory MHC Workgroup on Tasks and Measures for RDoC

Positive Valence Systems Recommended Task Paradigms – illustrative sub-sets/tasks

Regulation of PVS constructs entails 
processes better captured by the 
Cognitive Systems and Arousal Systems



• While definitions are overlapping and terminology is 
inconsistently used, ‘apathy/amotivational/anhedonic‘ 
symptoms are present and prominent not only in 
psychiatric disorders…

Stephane Pollentier, Boehringer Ingelheim, 
ECNP Experimental Medicine Network 
Validation of Reward Processing tasks, 15th March 2017
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… but also in neurodegenerative disorders (typically under 
an apathy umbrella) …

Are early stage patients with AD, i.e., MBI or MCI, (biomarker 
positive) the logical focus for neurocircuitry studies (fMRI, rsMRI, 
connectivity, ERP)? Are responses to drugs more similar to 
psychiatric patients.
If so, at what stage of AD progression is this no longer valid?
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Precision in the use of Anhedonia, Amotivation, Apathy?
To regulators and clinicians these are differentiated vs RDoCs

Stephane Pollentier, Boehringer Ingelheim, 
ECNP Experimental Medicine Network 
Validation of Reward Processing tasks, 15th March 2017



Outcomes for fMRI imaging in Phase 1 trials: Role for HNV/HNE/MBI/MCI?

Borsook D et al., Transl Psychiatry. 
2013;3:2-19.



Response Bias Probabilistic Reward Task

Measure of Reward Learning

The impact on stimuli discrimination
and the performance/neurocircuitry
for rich vs lean rewards are evaluated

Discriminate mouth size
11.5 vs 13 mm
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BPSD Apathy Treatment/Measures Pseudospecificity vs Striatal and
PreFrontal Cortex (PFc) modulation of memory tasks via D1 receptors

Floresco SB, et al. Front Neurosci. 2013;7:1-12.

COMT VAL/MET, D2RD genotype influences DA: Affecting 
working memory, executive function, drug response

Egan et al PNAS 2001 

D2RD polymorphisms

Cools R, et al. Biol Psychiatry . 2011;69:E113-125.

A delayed match-to-sample (DMS) task was used that 
provide a measure of flexible updating (cognitive 

switching during encoding) as well as a measure of 
stabilization (distractor-resistance during the delay).

striatal Prefrontal cortex



Challenges for Brain DA hypothesis testing and proof of concept
• Pharmacological experiments face methodological challenges in terms of the: 

1) uncertainties about pre- or post-synaptic modes of action, 
2) interactions with interindividual neuropsychological or genotypic variables,
3) The differing dynamics of dopamine concentration during reward learning 

Model A: Phasic dopamine transients encode reward prediction errors (PE). attenuation of reward PE with learning 
reflects a decline in peak DA with stable DA baseline
Model B: Phasic dopamine transients encode reward value (expected and actual). The decline of reward PE signals due 
to learning derives from the ramping-up of baseline phasic transients, from one trial to the next, in the presence of a 
fixed peak in [DA]
• Research should rely on integrative pharmaco-genetics-neurobehavioral approaches; more 

completely characterize dopamine’s role in general and modality-specific processing of reward.

Martins et al. Neuroscience and Biobehavioral Reviews 80 (2017) 351–371
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1) Do observed responses in reward pathways in patients with AD (and Parkinson’s), 
2) evidence for dopamine target engagement, and 
3) potential beneficial effects of stimulant medications (ADMET), support a broader 
experimental therapeutics framework applicable to AD and other CNS Disorders?

Primary: Circuit measure of expected 
effect of drug on the brain (fMRI and ERP) 

Primary outcome is measure of engaging  
circuitry related to hedonic 
experience/motivational responses, i.e., 
Monetary Incentive Delay

Key secondary
Behavioral intermediate phenotype 
assessment (more closely linked to neural 
circuitry than clinical outcome but also 
linked to clinical outcome) 

Probabilistic Reward Task assesses 
capacity to learn based on reward

Clinical Outcome and Function: Measured 
with clinical scales that have been 
demonstrated to be sensitive to treatment 
effects

Apathy, Cognition, Function

Exploratory: Additional circuit measure
QEEG measure of cingulate activity
Effort Expenditure for Rewards Task 
assesses the degree to which one is 
motivated by reward as demonstrated by 
effort

Additional behavioral scales (secondary 
objective)

RDoCs Style Anhedonia ‘Fast-Fail’ Early Development study

Experimental Therapeutics Approach to Interventions, 
Sarah H. Lisanby, M.D., Director, Division of Translational 
Research, 
https://www.nimh.nih.gov/outreach/coalition/coalition-
for-research-progress-meeting-summary-march-30-
2017/index.shtml)

https://www.nimh.nih.gov/outreach/coalition/coalition-for-research-progress-meeting-summary-march-30-2017/index.shtml
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