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 The need for support tools to guide psychiatric 

drug prescription – focus on depression.

 Potential role of pharmacogenetic markers

- What are pharmacogenetic markers?

- Pharmacokinetics and pharmacodynamics

 Currently available commercial pharmacogenetic 

support tools

- Analytic validity

- Clinical validity

- Clinical utility

 Implications for clinical practice



The Need for 
Personalised Treatment of Depression

 Antidepressants are an effective treatment for major 

depression as well as other disorders in the anxiety and 

obsessive spectrum

 There are currently more than 30 antidepressants available 

for prescription in Israel. 

 Available antidepressants belong to a number of drug 

families (TCAs, SSRIs, SNRIs, MAOIs) that differ in their 

efficacy and adverse effects.

 In current practice, it is impossible to predict which 

patients will respond to which drugs and which patients will 

be susceptible to which adverse effects. 

 Therefore, in the absence of diagnostic tools able to provide 

such a prediction, medication prescription is by a process of 

trial and error.



What is 
Pharmacogenetics?

Genetically based 
individual variability  
in therapeutic 
response to 
psychotropic drugs 
and susceptibility to 
adverse effects –
pharmacokinetic and 
pharmacodynamic

Pharmacogenetics?

Genetic factors that 
influence drug 
metabolism of drugs

Pharmacokinetics

Genetic factors that 
influence molecular 
targets of drug 
action

Pharmacodynamics



Genetic Variation in Drug Metabolizing 
Enzymes - Pharmacokinetics

1. Cytochrome P-450 (CYP) enzymes play a pivotal role in the 

metabolism of psychotropic drugs including antidepressants.

2. A number of CYP enzymes are polymorphic and characterized by 

considerable variability across populations.

3. CYP2D6 polymorphism is inherited as an autosomal recessive 

trait. Poor metabolizers (PM) have excessively high plasma 

levels on standard drug doses.

4. Ultra-rapid metabolizers will have inadequate therapeutic 

responses.

5. Pharmacokinetic and pharmacodynamic factors may interact 

and should both be considered in pharmacogenetic analyses.



CYP2D6 Substrates, Inhibitors and Inducers

CYP2D6 Substrates CYP2D6 Inhibitors CYP2D6 Inducers

All TCAs
SSRIs (fluoxetine, 
paroxetine, fluvoxamine).

SNRIs (venlafaxine, 
duloxetine)

Tetracyclic) (mianserin)

Mirtazapine

Antipsychotics (haloperidol, 
risperidone, perphenazine)

Stimulants (amphetamine)

Strong
Fluoxetine, paroxetine)
Bupropion

Moderate
Sertraline
Duloxetine

Weak
Citalopram, escitalopram, 
Methylphenidate

Dexamethasone

Haloperidol

Note: Only drugs with direct relevance to psychiatry included



Effect of Multiple CYP2D6 Functional Alleles on 
Nortriptyline Plasma Concentration

Bertilsson L et al, Br J Clin Pharmacolv.53(2); 2002.



CYP2C19 
Substrates

CYP2C19 
Inhibitors

CYP2C19 
Inducers

TCAs

SSRIs (citalopram,
escitalopram)

SNRIs (venlafaxine, 
duloxetine)

Moclobemide

Buproprion

Diazepam

Fluvoxamine,
fluoxetine

Moclobemide

Anticonvulsants 
(felbamate, 
topiramate)

Carbamazepine
Aspirin

Note: Only drugs with direct relevance to psychiatry included

CYP2C19 Substrates, Inhibitors and Inducers



Genetic Variation in Drug Targets -
Pharmacodynamics

1. Drugs targets include G protein-coupled receptors (target of 

~50% of drugs), enzymes, ion channels, nuclear hormone 

receptors, membrane transport proteins

2. The most frequent genetic variations in drug targets are single 

nucleotide polymorphisms (SNPs).

3. Common SNPs in psychiatric drug targets have been intensively 

studied as potential predictors of treatment response and 

adverse effects

4. Most pharmacodynamic findings have had limited replication

5. Pharmacokinetic and pharmacodynamic factors may interact 

and should both be considered in pharmacogenetic analyses.



Pharmacodynamics: Role of Serotonin 
Transporter Alleles in Response to Fluvoxamine

Smeraldi E., Mol Psychiatry3:508-511, 1998.



How Psychiatric Treatment is 
Currently Prescribed

Diagnosis of 
schizophrenia, 
depression or 
other 
psychiatric 
disorder

Drug chosen  
on basis of 
clinical 
experience

Lack of 
therapeutic 
response or 
adverse 
effects - drug 
treatment 
switched.

Effective 
treatment 
eventually 
found after 
several 
unsuccessful 
attempts.



Personalised Psychiatric Drug Prescription

Diagnosis of 
schizophrenia, 
depression or 
other 
psychiatric 
disorder

DNA test 
performed and 
entered into 
computerized 
algorithm with 
personal and 
clinical data

Algorithm 
generates 
estimate of 
response and 
adverse 
effects 
probabilities.

Medication 
prescribed 
based on 
estimate

DNA 

test

Computerized 

Algorithm

Weighted 

estimate of 

response and 

adverse effects



What is a 
Pharmacogenetic Decision Support Tool

 A product composed of: 

A genotyping test for genetic biomarkers of potential 

response to specific antidepressant drugs and susceptibility 

to adverse effects, supported by empirical scientific data

An algorithm that combines genotyping data with personal, 

demographic and clinical data to generate an estimate of 

the likelihood that a particular patient will respond to a 

specific drug or be more or less susceptible to adverse 

effects.

 Such a product should assist the psychiatrist in reaching a 

more informed as to drug prescription. 



Building a Pharmacogenetic Support Tool: 

Pharmacokinetic Variants

Genetic variability in key enzymes that influence 

bioavailability of antidepressants at sites of action.

Pharmacodynamic Variants

Genetic variability leading to functionally relevant differences 

in the structure and function of proteins that are key targets 

of antidepressants.



Key Attributes of 
Pharmacogenetic Decision Support Tools

 Analytic Validity: Assay is sensitive, specific and 

independently validated

 Clinical Validity: Association of the assay 

components (currently genetic polymorphisms) 

with dose, response to treatment and/or adverse 

effects has been demonstrated.

 Clinical Utility:  Empirical demonstration of 

efficacy and effectiveness; acceptability, 

efficiency and economic value (such as reduction 

of treatment  cost, lost work days)

Bausman and Hopwood. Lancet Psychiatry, 2016



Commercially Available
Pharmacogenetic Decision Support Tools

 22 commercially available pharmacogenetic decision support tools 

identified by Bausman and Hopwood in 2016

 All based on genetic polymorphisms in  pharmacokinetic genes; 

some include pharmacodynamic genes as well.

 Only 1/22 reports analytic validity

 Included genes are based on literature; overall, clinical validity is 

limited

 Clinical utility of only 4 tools is supported by empirical data

 No tools comprehensively encompass clinical, environmental, 

personal and ancestral data.

Bausman and Hopwood. Lancet Psychiatry, 2016



PK and PD Genes in 4 Empirically 
Tested PGx Kits

Kit Company PK 
Genes

PD
Genes

Total
Genes

CNSDose Baycrest
Biotech

5 0 5

Genecept Genomind 3 7 10

GeneSight Assurex
(Myriad)

5 4 9

Neuropharmagen AB Biotics 6 7 13



Clinical Validity of Pharmacogenetic 
Decision Support Tools 

Bausman and Hopwood. Lancet Psychiatry, 2016

Level of evidence for each of the genes included in 22 commercial 

pharmacogenetic decision support tools, based on PharmGKB.



Empirical Testing of PGx Kits:
Peer-Reviewed Reports

Kit Company Cohort 
Studies

Cost-
Saving/
Effect

RCT

CNSDose Baycrest
Biotech

0 0 1

Genecept Genomind 1 1 0

GeneSight Assurex
(Myriad)

2 3 1

Neuropharmagen AB Biotics 1 0 1



GeneSight RCT (2013)

Winner JG et al. Discov Med. 2013 Nov;16(89):219-27.







Genes: ABCB1, ABCC1, CYP2C19, CYP2D6, UGT1A1

(All PK genes)

CNSDose – Baycrest Biotech, Australia



Neuropharmagen RCT - 2017

Perez V et al. BMC Psychiatry. 2017 Jul 14;17(1):250. doi: 10.1186/s12888-017-1412-1.



Key Questions

1. Should pharmacogenetic support tools be used:

- For all depressed patients?

- For treatment non-responders?

- Not at all?

2. Which genes contributeto significant effects of 

pharmacogenetic testing on antidepressant 

response:

- Combinatorial effect of included genes?

- Primarily pharmacokinetic genes?

3. Which test to use????


