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Pharmacogenomics: 
Personalized/Precision Medicine

• Why does someone need twice the standard 
dose of a drug for it to be effective?

• Why does this drug work for you but not for 
me?

• Why do I experience side effects and you 
don't?

• Why do some people develop cancer while 
others do not?
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The life of a drug
in the body



P450 gene Polymorphisms
CYP1A1 *1,*2A,*2B,*2C,*3,*4, *5, *6, *7, *8, *9,*10, *11, *12,*13.

CYP1A2 *1A, *1B, *1C, *1D, *1E, *1F, *1G, *1H, *1J,*1K, *1L*1M*1N,*1P, *1Q, *1R, *1S, *1T, *1U, *1V, *1W, *2, *2, *3, *4, *5, *6, *7, *8, *9, *10, *11, *12, *13, *14, *15, *16, *17, *18, *19,*20, *21.

CYP1B1 **1, *2, *3, *4, *5, *6, *7,*8, *9, *10,*11, *12, *13, *14, *15, *16, *17, *18, *19, *20,*21,*22,*23, *24,*25, *26.

CYP2A6 *1A, *1B1, *1B2, *1B3, *1B4, *1B5, *1B6, *1B7, *1B8, *1B9, *1B10, *1B11, *1B12, *1B13, *1B14, *1B15, *1B16, *1B17, *1C,*1D,*1E, *1F, *1G, *1H, *1J, *1K, *1L, *1X2A, *1X2B, *2, *3, *4A, *4B, 

*4C, *4D, *4F, *4G, *4H, *5,*6, *7, *8, *9A, *9B, *10,*11,*12A, *12B, *12C,*13, *14,*15, *16, *17, *18A, *18B, *18C, *19, *20, *21, *22,*23, *24A, *24B, *25, *26, *27, *28A,*28B, *29, *30, *31A, 

*31B, *32,*33, *34, *35A, *35B, *36, *37, *38, *39, *40, *41, *42, *43, *44, *45

CYP2A13 *1A, *1B, *1C, *1D, *1E,*1F, *1G, *1H, *1J, *1K, *1L, *2A, *2B, *3, *4, *5, *6, *7, *8, *9, *10.

CYP2B6 *1A, *1B, *1C, *1D, *1E, *1F, *1G, *1H, *1J, *1K, *1L,*1M, *1N, *2A, *2B, *3,*4A, *4B, *4C, *4D, *5A, *5B,*5C,*6A,*6B, *6C, *7A, *7B, *8, *9, *10, *11A, *11B, *13A, *13B, *14, *15A, *15B, *16, 

*17A, *17B, *18, *19, *20, *21, *22, *23, *24, *25, *26, *27, *28, *29, *30, *31, *32, *33, *34

CYP2C8 *1A, *1B, *1C, *2, *3, *4, *5, *6, *7, *8, *9, *10, *11, *12, *13, *14.

CYP2C9 *1A, *1B, *1C, *1D, *2A, *2B, 2C, *3A, *3B, *4, *5, *6, *7, *8, *9, *10, *11A, *11B, *12, *13, *14, *15, *16,*17, *18, *19, *20, *21, *22, *23, *24, *25, *26, *27, *28, *29, *30, *31, *32, *33, *34, *35, 

*36, *37, *38, *39, *40, *41, *42, *43, *44, *45, *46, *47, *48, *49, *50, *51, *52, *53, *54, *55, *56, *57, *58, *59, *60.

CYP2C19 *1A, *1B,*1C, *2A, *2B, *2C, *2D, *2E, *2F, *2G, *2H, *2J, *3A, *3B, *3C, *4A, *4B, *5A, *5B, *6, *7, *8, *9, *10, *11, *12, *13, *14, *15, *16, *17, *18, *19, *20, *21, *22, *23, *24, *25, *26, *27, 

*28, *29, *30, *31, *32, *33, *34.

CYP2D6 *1A, *1B,*1C, *1D, *1XN, *2A, *2B, *2C, *2D, *2E, *2F, *2G, *2H, *2J, *2K, *2L, *2M, *2XN, *3A, *3B, *4A, *4B, *4C, *4D, *4F, *4G, *4H,*4J, *4K, *4L, *4M, *4N, *4P, *4X2, *5, ,*6A,*6B, *6C, *6D, 

*7, *8, *9, *10A,*10B, *10C, *10D, *10X2, *11, *12, *13, *14A,*14B, *15, *16, *17, *17XN, *18, *19, *20, *21A, *21B,*22, *23, *24, *25, *26, *27, *28, *29, *30, *31, *32, *33, *34, *35A, *35B, 

*35X2, *36, *37, *38, *39, *40, *41, *42, *43, *44, *45A, *45B, *46, *47, *48, *49, *50, *51, *52, *53, *54, *55, *56ª, *56B, *57, *58, *59, *60, *61, *62, *63, *64, *65, *66, *67, *68A, *68B, *69, 

*70, *71, *72, *73, *74, *75, *76, *77, *78, *79, *80, *81, *82, *83, *84, *85, *86, *87, *88, *89, *90, *91, *92, *93, *94A, *94B, *95, *96, *97, *98, *99, *100 *101, *102, *103, *104, *105.

CYP2E1 *1A, *1B,*1C, *1CX2 *1D, *2, *3, *4, *5A, *5B, *6, *7A, *7B, *7C, 

CYP2F1 *1, *2A, *2B, *3, *4, *5A, *5B, *6

CYP2J2 *1, *2, *3, *4, *5, *6, *7,*8, *9, *10.

CYP2R1 *1, *2.

CYP2S1 *1A, , *1B, *1C, *1D, *1E,*1F, *1G, *1H, *2, *3, *4, *5A, *5B

CYP2W1 *1A, *1B, *2, *3, *4, *5, *6.

CYP3A4 *1A,*1B,*1C,*1D,*1F,*1G,*1H,*1J,*1K,*1L,*1M,*1N,*1P,*1Q,*1R,*1S,*1T,*2,*3,*4,*5,*6,*7,*8,*9,*10,*11,*12,*13,*14,*15A,*15B,*16A,*16B,*17,*18A,*18B,*19,*20,*21,*22,*23,*24,*25,*26

CYP3A5 *1A, *1B, *1C, *1D, *1E, *2, *3A, *3B, *3C, *3D, *3E,*3F, *3G, *3H, *3I, *3J, *3K, *3L, *4, *5, *6, *7, *8, *9, *10, *11.

CYP3A7 *1A, *1B, *1C, *1D, *2, *3.

CYP3A43 *1A, *1B, *2A, *2B, *3.

CYP4A11 *1

CYP4A22 *1, *2, *3A, *3B, *3C, *3D, *3E, *4, *5, *6, *7, *8, *9, *10, *11, *12A, *12B. *13A, *13B, *14, *15

CYP4B1 *1, *2A, *2B, *3, *4, *5, *6, *7.

CYP4F2 *1, *2, *3.

CYP5A1 *1A, *1B, *1C, *1D, *2, *3, *4, *5, *6, *7,*8, *9

CYP8A1 *1A, *1B, *1C, *1D, *1E, *1F, *1G, *1H, *1J, *1K, *1L, *2, *3, *4.

CYP19A1 *1, *2, *3, *4, *5

CYP21A2 *1A, *1B, *2, *3, *4, *5, *6, *7, 8, *9, *10,*11, *12, *13, *14, *15, *16, *17, *18, *19, *20A, *20B, *20C, *20D, *20E, *20F, *20G,*20H, *20J, *20K, *20L, *20M, *20N, *20P, *20Q, *20R, *20S, *20T, 

*20U, *20V, *21, *22, *23, *24, *25, *26, *27, *28, *29, *30, *31, *32, *33, *34,  *35, *36, *37, *38, *39, *40, *41, *42, *43, *44, *45, *46, *47, *48, *49, *50, *51, *52, *53, *54, *55, *56, *57, *58, 

*59, *60, *61, *62, *63, *64, *65, *66, *67, *68, *69, *70, *71, *72, *73, *74, *75, *76, *77, *78, *79, *80, *81, *82, *83, *84, *85, *86, *87, *88, *89, *90, *91, *92, *93, *94, *95, *96, *97, *98, *99, 

*100 *101, *102, *103, *104, *105, *106, *107, *108, *109, *110, *111, *112, *113, *114, *115, *116, *117, *118, *119, *120, *121, *122, *123, *124, *125, *126, *127, *128, *129, *130, *131, 

*132, *133, *134, *135, *136, *137, *138, *139, *140, *141, *142, *143, *144, *145, *146, *147, *148, *149, *150, *151, *152, *153, *154, *155, *156, *157, *158, *159, *160, *161, *162, *163, 

*164, *165, *166, *167, *168, *169, *170, *171, *172, *173, *174, *175, *176, *177, *178, *179, *180, *181.

CYP26A1 *1, *2, *3, *4.
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Maria A. Redal & Luis A. Quiñones. Capítulo 18, Farmacogenómica y Medicina Personalizada en Latinoamérica. 2020

CYP Variability
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Genotype

Phenotype

Clinical validation

Adapted from: https://es.slideshare.net/shaikhazaroddin/pharmacogenomics-by-vaiibhavi#12



EVOLUTION OF THE IMPLEMENTATION OF PHARMACOGENOMIC TESTING AROUND THE WORLD

2006. TPMT variant for thiopurines (azathioprine or mercaptopurine - myelosuppression)

2006. Pharmacogenetic dosing system for warfarin (CYP2C9 & VKORC1)

2008. HLA-B*5701 variant for abacavir (hypersensitivity syndrome)

2011. IL-28 variant (rs12979860) for interferon + ribavirin (hepatitis C - persistence)

2012. Pharmacogenetic dosing system for acenocoumarol (CYP2C9 & VKORC1)

2013. CYP2C19 variant for clopidogrel (avoid in poor metabolizers)

2014. Actionable DPYD variants for fluorouracil, capecitabine, or tegafur (severe adverse reactions in complete or

partial deficiency)

2015. CYP2D6 variants for opioids (severe toxicity or inefficacy)

2020. CYP2C9*3 variant for siponimod (severe toxicity due to high plasma levels)
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(cholangiocarcinoma)
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DRUG METABOLISM
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Genetic variants?

Cyclophosphamide Bioactivation



PharmGKB -- http://www.pharmgkb.org/

Weinshilboum (Mayo Clinic) 2001
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6-MP Inactivation
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Drug Therapeutic type PGx Biomarker Reference sub-group

Amitryptiline Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Capecitabine Oncology DPYD DPD deficiency

Cisplatin Oncology TPMT TPMT Poor or intermediate Metabolizer (PM or IM)

Citalopram Psychiatry CYP2C19 CYP2C19 Poor Metabolizer (PM)

CYP2D6 CYP2D6 Poor Metabolizer (PM)

Clozapine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Codeine Anesthesiology CYP2D6 CYP2D6 Ultrarapid Metabolizer (UM)

Desipramine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Diazepam Psychiatry CYP2C19 CYP2C19 Poor Metabolizer (PM)

Doxepine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

CYP2C19 CYP2D6 Poor Metabolizer (PM)

Fluorouracil (5-FU) Oncology DPYD DPD deficiency

Fluoxetine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Fluvoxamine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Iloperidone Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Imipramine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Irinotecan Oncology UGT1A1 UGT1A1*28  carriers

Mercaptopurine Oncology TPMT TPMT Poor or intermediate Metabolizer (PM or IM)

Modafinilo Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Nefazodone Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Nilotinib Oncology UGT1A1 UGT1A1*28 (TA)7/(TA)7 genotype

Nortriptiline Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Pazopanib Oncology UGT1A1 UGT1A1*28 (TA)7/(TA)7 genotype

Rasburicase Oncology G6PD G6PD deficiency

CYB5R1-4 NADH cytochrome b5 reductase deficiency

Risperidone Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Tamoxifen Oncology CYP2D6 CYP2D6 Poor Metabolizer (PM)

Thioguanine Oncology TPMT TPMT Poor or intermediate Metabolizer (PM or IM)

Tramadol Analgesia CYP2D6 CYP2D6 Poor Metabolizer (PM)

Trimipramine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Venlafaxine Psychiatry CYP2D6 CYP2D6 Poor Metabolizer (PM)

Gene Drug Consequence

TPMT 6MP Toxicity

CYP2D6 Tamoxifen Decreased Efficacy

UGT1A1 Irinotecan Toxicity

CYP2D6 Codein Ineffective analgesia

Biomarkers

Kits



2024. 36 Clinical Guidelines for drug/gene pairs
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Monitoring

Dose individualization

Alternative medication

Clinical monitoring

Analysis of therapeutic goals

Diagnosis

Prescription

Clinical evaluation

Suspected rare phenotype
(Adverse effects, therapeutic efficacy failure)

Genotyping
(Germline)

Cancer patient

Attending

physician
Genetic

counseling

• Physician
• Clinical Pharmacist
• Molecular Biologist

Laboratory Analysis

Proposed Oncological Pharmacogenetic Algorithm for Implementation in the Chilean Healthcare System
(Sub-Comisión Oncogenómica en Salud, Minsal, 2020)
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Thank you
22 junio 2024 – 18 Enero 2025
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