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“Here is my sequence…”

(The New Yorker, 2000)

Pharmacogenetics:  the future of the pharmacotherapy ?





CONSTITUTIVE 
genetic variants

DISEASE 
(tumoral) genetics

Responders vs non-responders + +++

Individualized dosing ++ (-)

Identify patients at risk for ADRs +++ (-)

Pharmacogenetics(-genomics) and its scope



www.pharmgkb.org

CPIC





38 dosing guidelines CPIC
published in Clin Pharmacol Ther (IF 2016: 7,266)





CYP2D6 pharmacogenetics



100C>T (*10)
124G>A (*12)

5’ 3’

CYP2D6 genetics

113 different alleles  (http://www.cypalleles.ki.se, September 2018)
CYP2D6*3 (259 frameshift) CYP2D6*9 (K281del)
CYP2D6*4 (splicing defect) CYP2D6*10 (P34S)
CYP2D6*5 (gene deletion) CYP2D6*17 (T107I)
CYP2D6*6 (118 frameshift) CYP2D6*41 (expression     )

1023C>T (*17) 1707delT (*6)
1758G>T (*8)
1758G>A (*14)

2549delA (*3)
2613-2615

delAGA (*9)

2850C>T (*2)
2935A>C (*7)

CYP2D6 CYP2D6

CYP2D6

CYP2D7P

CYP2D7PCYP2D8P

UTR

CYP2D6 deleted (*5)

1846G>A (*4)

-1584G>C (*41)



Translation of genotype (AS) into a qualitative measure
of phenotype (genotype-based phenotype)  

PM IM EM UM Reference

Model 1 0 0,5 1
1,5
2

>2 *

Model 2 0 0,5
1 (0,5+0,5)

1 (1+0)

1,5
2

>2 **

Model 3 0 0,5
1

1,5
2

>2 ***

* Clinical Pharmacogenetics Implementation Consortium (CPIC) for codeine, http://www.pharmgkb.org/guideline/PA166104996
** Luminex 2D6v3 FDA approved kit, http://www.luminexcorp.com/Products/Assays/ClinicalDiagnostics/xTAGCYP2D6/
*** Dutch Pharmacogenetics Working Group Guidelines (DPWG) for codeine, http://www.pharmgkb.org/guideline/PA166104970

Haufroid et al. Clin Toxicol 2015; 53: 501-10.



population-based versus individualization of dosing

~7% caucasiens ~3,5% caucasiens



Seeringer et al. Clin Lab Med 2008; 28: 619



CYP2D6

le cas de la codéine…

CYP3A4



Case report:

62-year-old man / history of chronic lymphocytic leukemia
Emergency room for fatigue, dyspnea, fever and cough

Initial diagnosis: bilateral pneumonia with yeast infection

Treatment: ceftriaxone, clarithromycin
voriconazole
oral codeine (25 mg, 3 times a day)

Day 4: patient’s level of consciousness deterioration!

Intravenous administration of naloxone; rapid improvement

Biological results:
Codeine: 114 µg/L (Nl: 13-75 µg/L, with extensive CYP2D6)
Codeine glucuronide: 361 µg/L (Nl: 700-1670 µg/L)
Morphine: 80 µg/L (Nl: 1-4 µg/L!)

Gasche et al. N Engl J Med 2004; 351: 2827.



Gasche Y et al. N Engl J Med 2004;351:2827-2831



Genetic tests to prevent adverse
drug reactions may save tens of
thousands of lives a year, but for a
troubled boy named mickael they
came too late

Forbes Magazine (October 30, 2000)

…While recuperating from what seemed to be flu, Michael went into a prolonged grand mal seizure and died. His grieving parents,
Jayne and Neil, soon got another shock: an autopsy showed a massive overdose of Prozac in Michael's blood and tissues, raising
the specter of a murder charge against them …
Thus began the Adams-Conroys' painful pilgrimage to a medical frontier known as pharmacogenetics, the study of how genetic
influences responses to drugs…”

A DNA tragedy FLUOXETINE: DEATH IN A CHILD WITH
POLYMORPHISM OF CYTOCHROME
P450 2D6

A 9-year-old died due to fluoxetine toxicity.
Genetic tests confirmed that he had a
gene defect at the CYP2D6 locus, which
made him a poor metabolizer of
fluoxetine.

Sallee et al. J Child Adolesc Psychopharmacol. 2000;10:27-34The death of nine-year-old Michael Adams-Conroy didn't seem at 
first like a signal event in medicine.
It seemed like homicide.





CYP2B6 pharmacogenetics

HAART = 2 NRTIs + NNRTI or PI



SINGLE Trial: DTG vs EFV 
Week 48 efficacy:AE results

ABC/3TC/DTG TDF/FTC/EFV600 

Ref: Dolutegravir FDA prescribing information

HIV RNA <50 

88% 

HIV RNA <50 

81% 

VF: 5%

VF: 6%

DC Adverse 

Events: 2% DC Adverse 

Events: 10%

DC Other

=5% DC Other:3%

Slide courtesy of Pr Anton Pozniak (London)



Viral suppression
i.e. therapeutic efficacy

CNS adverse effects

Therapeutic interval: 1000 – 4000 µg/L

Marzolini et al. AIDS 2001; 15: 71



Elens et al. Pharmacogenomics 2010; 11: 1223

CYP2B6*6

CYP2B6*6
CYP2B6*11
CYP2B6*18



Holzinger et al. Pharmacogenetics and Genomics 2012; 22: 858

GWAS
EFV Cmin

(b)
CYP2B6*6 adjustment

(c)
CYP2B6*6
CYP2B6*18 adjustments

(d)
CYP2B6*6
CYP2B6*18
rs4803419 adjustments



DPYD and fluoropyrimidine toxicity

Schwab et al. J Clin Oncol 2008; 26: 2131



DPYD*2A (IVS14+1) results in exon 14 skipping



DPYD genetics (2017 update from CPIC)

Strong Evidence supporting function (the four main)

Haplotype rsID Nucleotide

change

Protein

change

Allele

functional

status

Activity

score

References PMID

*2A rs3918290 c.1905+1G>A N/A No function 0 Offer 2013 23328581

*5 rs1801159 c.1627A>G p.I543V Normal 1 Offer 2013 23328581

*9A rs1801265 c.85T>C p.C29R Normal 1 He 2008 18452418

*13 rs55886062 c.1679T>G p.I560S No function 0 Offer 2013 23328581

rs67376798 c.2846A>T p.D949V Decreased 0.5 Offer 2014 24648345

HapB3 rs75017182, 

rs56038477, 

rs56276561

c.1129-5923C>G, 

c.1236G>A, 

c.483+18G>A

N/A 

p.E412E 

N/A

Decreased 0.5 Nie 2017 28295243





~3 to 8% of Caucasian
population

~0,2% of Caucasian
population





TPMT and 6-mercaptopurine toxicity



TPMT*1 wild-type

TPMT*2 238 G>C

TPMT*3A 460 G>A
719 A>G

TPMT*3B 460 G>A
TPMT*3C 719 A>G

TPMT deficiency 
(Caucasians)

1 out of 300 (0.3%)

n = 298

TPMT pharmacogenetics



UGT1A1 and irinotecan toxicity









HLA-B*57:01 and Abacavir hypersensitivity



Mallal et al. N Engl J Med 2008; 358: 568

HLA-B*57:01 is necessary but not sufficient by itself for HSR



FDA black box warning in 2008 and CPIC guidelines





Pharmacogenetics as a standard of care in 
pharmacotherapy? 

Today:

Do we have to perform pre-emptive genotyping (or any alternative 
approach to assess enzyme / protein activity) before initiating 

therapy? 

Tomorrow:

Do we have to use genotype-guided dose individualization guidelines 
when patient genotype is available before initiating therapy? 



How long can you do WITHOUT pharmacogenetics ?!?



Transfer of information…

Slide courtesy of Pr Ron VanSchaik (Rotterdam)



En routine aux CUSL


