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Learning Objectives

At the end of this educational activity, participants should be 
able to:
• Explain the basic science of liver enzymes and their 

genetic variations.
• Name the various liver enzymes most frequently tested 

in relation to psychiatric drugs.
• Describe the clinical indications for using 

pharmacogenomics.
• Discuss resources for interpreting pharmacogenomic 

test results.
• List the limitations of current pharmacogenomics tests.
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Pharmacogenetics is Defined

“The role of genetics in  
drug responses.”

F. Vogel, 1959

PharmGKB – http://www.pharmgkb.org/

January 15, 2001
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Genotype <-> Phenotype associations

Relate genetic information (genotype):

1.ATCGCCGGATACCTAGAGAC…
2.ATCGCCGGAGACCTAGAGAC…

to observable traits (phenotypes), e.g.

1. Responds well to cholesterol medication
2. Develops hepatotoxicity

PharmGKB – http://www.pharmgkb.org/

Genome Variation

• About 10 million single nucleotide 
polymorphisms (SNPs) identified in 
human population  
(~4 million present in any individual)

• Many small insertions/deletions in genes
• Many “copy number variants” with multiple 

copies of genes
• Almost anything else you can think of 

occurs…
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Purine analogs

• 6-mercaptopurine, 6-thioguanine, azathioprine
• Used to treat lymphoblastic leukemia,  

autoimmune disease, inflammatory bowel  
disease, after transplant

• Interferes with nucleic acid synthesis
• Therapeutic index limited by myelosuppression

7

8



Pharmacogenomics: Providing Personalized Medicine

April 28, 2020
Russ B. Altman, PhD, MD 5

PharmGKB – http://www.pharmgkb.org/

Metabolism of 6-MP
Weinshilboum (Mayo Clinic) 2001

PharmGKB – http://www.pharmgkb.org/

Levels of TPMT can drastically  
affect levels of thioguanines

• More TPMT = less thioguanines

• Associated with risk of severe marrow toxicity

• Shows considerable variability in population
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Variation in TPMT Activity
Weinshilboum (Mayo Clinic) 2001

PharmGKB – http://www.pharmgkb.org/

6-MP and TPMT Story Summary

• Observation of clinical variability (toxicity)
• Observation of cellular variability (TPMT  

activity, TGN concentrations)
• Observation of genetic variability  

(genome variations in TPMT gene)
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The logic of pharmacogenetics

1. Identify variation in drug response

2. Associate it with genetic variation

3. Evaluate clinical significance

4. Develop screening tests

5. Individualize drug therapy

PharmGKB – http://www.pharmgkb.org/

What is the clinical promise?

• Focused treatment by pre-identifying  
genetic backgrounds likely to respond

• Reduce adverse events by predicting who  
is at risk

• A way to save drugs in the pipeline that are  
very effective only in subpopulations

• Better understanding of drug interactions
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Defining P-etics vs. P-omics

• Pharmacogenetics = study of individual  
gene-drug interactions, usually the gene  
that has the dominant effect on a drug  
response. (SIMPLE relationship)

• Pharmacogenomics = study of the full set of  
PK/PD genes, often using high-throughput  
data (sequencing, expression, proteomics)  
(COMPLEX interactions)

PharmGKB – http://www.pharmgkb.org/

Example: Codeine & CYP2D6

• Codeine is a commonly used opioid
– must be metabolized into morphine for activity

• CYP2D6 is the protein that performs this  
metabolism

• 7% of caucasians have a variant version of  
CYP2D6 with no activity -> codeine does not work
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Candidate Genes Involved in Metabolism of  
Codeine and Morphine

PharmGKB – http://www.pharmgkb.org/

The O-dealkylation of Codeine by CYP2D6

CYP2D6

codeine morphine
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Cytochrome P450 2D6

• Absent in 7% of Caucasians
• Hyperactive in up to 30% of East Africans
• Catalyzes the primary metabolism of

• propafenone
• Codeine
• -blockers
• tricyclic antidepressants

• Inhibited by
• fluoxteine
• haloperidol
• paroxetine
• quinidine

PharmGKB – http://www.pharmgkb.org/

CYP2D6 Alleles

•>100 alleles reported

•Many alleles function not known

•~50 alleles have no activity

•~10 alleles have decreased activity

•The *2 variant can have 1, 2, 3, 4, 5 or 13  
copies resulting in increased activity

http://www.cypalleles.ki.se/cyp2d6.htm
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Allelic Frequencies of CYP2D6

PharmGKB – http://www.pharmgkb.org/

CYP2D6 and Simvastatin

• Simvastatin = HMG CoA reductase, used to  
decrease LDL, increase HDL cholesterol.

• Dose of simvastatin required to get  
cholesterol-lowering effect is related to 2D6  
mutations and duplications.

Clin Pharmacol Ther. 2001 Dec;70(6):546-51.

• Another report demonstrates that “statins”
are metabolized differently.

Biopharm Drug Dispos. 2000 Dec;21(9):353-64.
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Copy number polymorphisms =  
CNPs

• Increasing evidence for variation in the number of  
copies of a gene in humans

• Won’t necessarily be picked up with normal  
genotyping technology (e.g. sequencing)

• Associated with cancers, genetic diseases, and  
now with drug response variation

• Methods for quantifying transcript level, to detect  
CNPs are coming down in costs

https://tinyurl.com/mzq37el
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PharmGKB – http://www.pharmgkb.org/
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Clinical Implementation of Pharmacogenomics:  
A Focus on Guidelines
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CPIC:  clinical pharmacogenetics 
implementation consortium

• CPIC guidelines are designed to help clinicians
understand HOW available genetic test results
should be used to optimize drug therapy.

• Key Assumption:
– Clinical high-throughput and pre-emptive  

genotyping will become more widespread.
– Clinicians will be faced with having patients’  

genotypes available even if they did not order test  
with drug in mind.

http://cpicpgx.org/
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Key Points about a CPIC guideline

• Based on assumption that the test results are  
in hand and NOT to discuss the merits of  
doing the test

• Standardized formats
• Grading of evidence and of recommendations
• Peer reviewed
• Freely available
• Updated
• Authorship with COI policy
• Closely follow IOM practices

PharmGKB – http://www.pharmgkb.org/

CPIC guideline genes and drugs, highlights

• TPMT

– MP, TG, azathioprine

• CYP2D6

– Codeine, tramadol,  
hydrocodone, oxycodone,  
TCAs

• CYP2C19

– TCAs, clopidogrel,  
voriconazole

• VKORC1

– warfarin

• CYP2C9

– Warfarin, phenytoin

• HLA-B

– Allopurinol, CBZ, abacavir,
phenytoin

• CFTR

– ivacaftor

• DPYD

– 5FU, capecitabine, tegafur

• G6PD

– rasburicase

• UGT1A1

– irinotecan

• SLCO1B1

– simvastatin

• IFNL3 (IL28B)

– interferon

• CYP3A5

– tacrolimus

http://cpicpgx.org/
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Clin Pharmacol Ther. 2013 Apr;93(4):324-5.

Clin Pharmacol Ther. 2013 Sep;94(3):317-23

Clin Pharmacol Ther. 2013 Feb;93(2):153-8

Clin Pharmacol Ther. 2013 May;93(5):402-8.

Clin Pharmacol Ther. 2013 Sep;94(3):324-8. Clin Pharmacol Ther. 2013 Aug 29. Epub

Clin Pharmacol Ther. 2014 Feb;95(2):141-6.
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Linking genotype to phenotype

Clin Pharmacol Ther. 2011 Mar;89(3):387-91.

Table2 Recommended dosing of thiopurines by thiopurine methyltransferase phenotype

MP Azathioprine TG

Phenotype

Impl ications  

for MP and  

azath ioprine  

pharmacologic  

measures

Do si ng  

recommendat ions  

forMP

Classification   Dosing
of recommen - recommendations  

dations• for azathioprine

Implications for  

Classi fication pharmacologic  
of recommen - measu res  

dations• afterTG

Dosing
recommendations  

forTG

Classification  

ofr ecomm en-

dation s•

Strong Strong StrongHomozygou s  

wil d-type or  
normal, high  

activ ity

St art w ith no rmal st art in g  

dos e. Adjust doses ofTG and  
of other myelosuppress ive  

therapy wit hout any special

emphasis on TG. Allow 2 weeks  

to reach steady state af ter

each dose ad justmen t,.416

Lower
conc entr atio ns  

ofTGN  
metabolite s,  hig

her

methylTIMP, this  

is the "norma l"  

pattern

St art w ith normal st artin g dose (e.g.,  

75 mg / m2/d or 1.5 mg /kg/d) and

ad just doses of MP (an d of any other  

myelosu pp ressive therapy) wit hout

any spe  cia l empha si s on  MP compared
to othe r ag ents. Allow 2 weeks to  

reach steady state af ter each dose

adj u st m  ent. 4ꞏ25ꞏ29

St art w ith n ormal st ar tin g  

dose (e.g., 2-3 mg /kg/ d) 
a n d adjust doses o f  

azathiopr  ine basedon

disease-specific guide lines.
A llow 2 weeks to reach

steady st at e after each

dose adjustment. 4•27ꞏ29

Lower
concentra tio ns  
ofTGN  
metabolite s,

but n ot e that  

TGN afterTG  

are  5- 10x
hi gh er than  
TGNafterMP  
or azathioprine

Strong Strong ModerateHeterozygote  

or intermediate  

act ivity

Moderate to high  

conce ntra t io n s  

ofTGN

met abo lite s; low
concentrat ion s
of methyl TlMP

If disease t reatment
n orma ll y st arts at the" full  

dose", consid er start in g at

30- 70% of target dose (e.g., 

1- 1.5 mg / kg/d), and titra te

based on tolerance. Al low

2-4 weeks to reach steady

state after each

dose ad j ustment. 4ꞏ27ꞏ29ꞏ31

Moderate  

to hig h

concentratio n s  

ofTGN

m etaboli tes;  

but  note that

TGNafterTG  

are 5- 10x
hi gher than  
TGNafterMP

or azathioprine

Start with red uced doses  
(reduce by 30- 50%) an d

ad just doses ofTG based on  
degree of myelosuppression  
and disease -specific

guid elines. Allow 2- 4 weeks  

to reach steady sta te after  

each dose ad ju stmen t. In  

setting of m yelosu pp ression,  

and depend ing on ot her

therapy, em phasis should be  

on reduc ing TG over ot her

agents. 4ꞏ16

Start with reduced doses (start at
30- 70% of full dose: e.g., at 50 mg /m2/d 

or0.75 mg/ kg/d) and adjust doses of MP  
based on degree of myelosu ppr essio n 

and disease -spec ific guide lines. Allow

2-4 weeks to reach steady state af ter  

each dose adj u stm ent. In those w h o  

require adosage reductio n based on

m yelosup pression, the median dose may  
be   - 40%  low er (44 mg/m 2) than that

to lerated in wild-type patient s (75 mg /  
m2J,.6 12 In  sett ingof myelosu pp ression,

and dependi ng on ot her therapy,

emphasis shou ld be on reducing MP over  
other ag ent s_41,3,1s,21,23,2s,291,3,32

Strong StrongHomozygou s Ext  remely hig h 

varian t, muta n t, concentrat ion s of  
low, or defic ient TGN m etabol ites;

act ivity fataI t oxicit y  

possib le without  

dose decrease;  

no m eth ylTIMP  

metabo lite s

Extr eme ly high
co ncentrat ion s
ofTGN
met abo lites;
fatal toxic ity
possible

without dose

dec rease

For malig nancy, start wit h d rasti cally  

red uced doses (red uce dail y dose by  

10- fo ld and reduce freque ncy to thrice  

weekly inst ead of dai ly, e.g., 10 mg / 

m2/ d given just 3 d ays/w eek) and  

adjust doses of MP based on degree of
my elosupp ressionand d isease-sp ecifi c  
guidelines. Al low  4-6 weeks to reach

st eady st ate after each dose ad justmen t.  

In setting of myelo su pp ression ,

emp hasi s sh ould be o n reduc ing MP

over other age nt s. For no nmalig nan t

conditions, consider altern ati ve

nonthio pu rine im mu nosu pp ressant  
therapy.4,24,29,31

Cons id er a lt ernative agents. Strong  
If using azathiopri ne start
with drast ica ll y reduced  
doses (reduce daily dose  

by 10-fo ld and dose t hrice  
weekly instead of daily)a nd

adjustdoses of azathioprine  

based on deg ree of  

myelosu ppress ion and
dis ease-speci fic gu idelines.  
All ow 4- 6 week s toreach

steady sta te aft er each dose  

adj ustment. Azathi opr ine

is the  likely causeof
myelosu ppress ion.27ꞏ29- 31ꞏ33

Star t with drastically reduced  

dos es16 (reduce dail y dose  

by 10-fo ld a n d dose thr ice  

weekly inst ead o f dai ly) and  

ad ju st doses ofTG based on  

degree of myelosu pp ressio n  

and disease -sp ecif ic

guid  elin es. All ow 4-6 weeks
to reach steady st at e after  

each dose ad ju stmen t. In  

setti ng of myelosupp re ssion ,  

emphasis sh ould be on  

reducing TG ov er o th er  

agents. For no n malig n ant  

condi ti ons, consider

alternative nont hiopurine
im m un osu pp ressant therapy. 4

.
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High: Evidence includes  
consistent results from well-
designed, well-conducted  
studies.

Moderate: Evidence is  
sufficient to determine  
effects, but the strength of  
the evidence is limited by the  
number, quality, or  
consistency of the individual  
studies; generalizability to  
routine practice; or indirect  
nature of the evidence.

Weak: Evidence is  
insufficient to assess the  
effects on health outcomes  
because of limited number or  
power of studies, important  
flaws in their design or  
conduct, gaps in the chain of  
evidence, or lack of  
information

https://www.uhcprovider.com/content/dam/provider/docs/public/policies/comm-medical-drug/pharmacogenetic-testing.pdf
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https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0500_coveragepositioncriteria_pharmacogenetic_testing.pdf
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https://www.fda.gov/news‐events/press‐announcements/fda‐issues‐warning‐letter‐genomics‐lab‐illegally‐marketing‐genetic‐test‐claims‐predict‐patients

PharmGKB – http://www.pharmgkb.org/

CPIC guidelines linked to “Practice  
Guideline” filter on PubMed
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Conclusions

1. Pharmacogenomics combines molecular 
understanding of drug response and 
human genetic variation to optimize drug 
use.

2. Currently rolling out in clinical use, mostly 
based on genotyping  sequencing 
coming

3. Need good information systems to 
support clinical use by clinicians 
(physicians and pharmacists)

PharmGKB – http://www.pharmgkb.org/

Thank you!

Russ.altman@Stanford.edu

https://www.pharmgkb.org/
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