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Abstract: Pharmacogenomics is defined as research into the relationship between inherited genetic
variations in drug metabolizing enzymes, transporters and targets and individual variations in person’s response
to drugs (fate of drug in human body, safety and efficacy). Personalized dosing is pharmacogenomics-based
therapeutic regimen tailored to other individual characteristics. This article summarizes the progress in clinical
application of personalized dosing from the perspective of pharmacogenomics of drug metabolizing enzymes and
transporters, and proposes to draw attention to key scientific issues (e.g., the effect of multi-genes and
non-genetic factors on drug effects, the integration of therapeutic drug monitoring and pharmacogenomics);
meanwhile, bottle necks in the clinical application and corresponding strategies are proposed.
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Table 1 CPIC guideline for applications of pharmacogenomics associated with drug metabolism and drug transport. CPIC: Clinical
Pharmacogenetics Implementation Consortium; UGT: Uridine diphosphate-glucuronosyl transferase; TPMT: Thiopurine S-methyltrans-
ferase; DYPD: Dihydropyrimidine dehydrogenase; CYP: Cytochrome P450; VKORCI1: Vitamin K epoxide reductase complex subunit 1;

SLCO1B1: Solute carrier organic anion transporter family member 1B1

Clinical implications and guideline suggestion

Markedly decreased UGT1A1 activity would be observed in poor metabolizers of UGTIA1*28/*28, *28/*37 or *37/*37,
Consider an alternative agent particularly

Consider alternative
nonthiopurine immunosuppressant therapy for nonmalignant patients carrying *3A/*3A, *2/*3A, *3C/*3A, *3C/*4, *3C/*2,

Design the starting dose based on genotyping of DPYD in order to avoid severe and possibly fatal toxicities. Consider

Genotyping of CYP2C19 is recommended prior to prescribing. Consider an alternative drug not predominantly metabolized
by CYP2C19 in order to avoid treatment failure in ultrarapid metabolizers carrying *17/*17 or *1/*17. Consider a 50%

Drug Biomark
Atazanavir UGTIAI
resulting in high likelihood of bilirubin-related discontinuation of atazanavir.
where jaundice would be of concern to the patient.
Azathioprine, TPMT  Design the starting dose based on genotyping of TPMT in order to avoid severe myelosuppression.
mercaptopurine,
thioguanine or ¥3A/*4.
Capecitabine, DPYD
fluorouracil, alternatives for patients carrying *2A/*2A, *13/*13 or rs67376798A/ rs67376798A.
tegafur
Citalopram, CYP2C19
escitalopram,
sertraline

Desipramine,
fluvoxamine,
paroxetine,
nortriptyline

CYP2D6

Amitriptyline, CYP2CI9,
imipramine, CYP2D6
doxepin,

clomipramine

reduction of recommended starting dose and titrate to response or select alternative drug not predominantly metabolized
by CYP2C19 in poor metabolizers (¥2/*2, *2/*3, *3/*3) in order to avoid the increased probability of side effects.
Genotyping of CYP2D6 is recommended prior to prescribing. Consider an alternative drug not predominantly
metabolized by CYP2D6 in order to avoid treatment failure in ultrarapid metabolizers carrying CYP2D6*1/*1xN, *1/*2xN,
or *2/*2xN.  Consider a 25%—50% reduction of recommended starting dose or select alternative drug not predominantly
metabolized by CYP2D6 in poor metabolizers (*3/*4,*4/*4, *5/*5, *5/*6) in order to avoid the increased probability of
side effects.

Avoid the use of tricyclic antidepressants in ultrarapid, intermediate and poor metabolizers of CYP2D6 and carriers of
extensive metabolizers of CYP2D6 also having ultrarapid metabolizers of CYP2C19. Consider 50% reduction of
recommended starting dose in subjects with extensive metabolizers of CYP2D6 also having poor metabolizers of
CYP2C19. Utilize therapeutic drug monitoring to guide dose adjustments.

Increased risk for adverse cardiovascular events would be observed in intermediate metabolizers ( CYP2C19*1/*2, *1/*3,
Clinicians may consider alternative antiplatelet agents

Genotyping of VKORCI-1639G>A, CYP2C9*2 and CYP2C9*3 could help to design the starting warfarin dose.
Genotyping of CYP2D6 is recommended prior to prescribing in order to avoid increased opioid toxicities in ultrarapid
metabolizers (CYP2D6*1/*¥1xN, CYP2D6*1/*2xN), and insufficient pain relief in poor metabolizers ( CYP2D6*4/*4,

If necessary, consider alternatives that are not affected by this CYP2D6

Consider 50% reduction of recommended starting maintenance dose in order to avoid probability of toxicities due to

Clopidogrel CYP2C19

*2/*17) and poor metabolizers (CYP2C19*2/*2, *2/*3, *3/*3),

such as prasugrel and ticagrelor (if no contraindication).
Warfarin CYP2C9,

VKORCI

Codeine CYP2D6

CYP2D6*4/*5, CYP2D6*5/*5, CYP2D6*4/%6).

phenotype include morphine and non-opioid analgesics.
Phenytoin CYP2C9
sodium reduced phenytoin metabolism and higher plasma concentrations.

Simvastatin

Tacrolimus

SLCOI1BI

CYP345

Prescribe a lower dose or consider an alternative statin (e.g., pravastatin or rosuvastatin) for subjects with intermediate
myopathy risk (SLCO1BI*1a/*5, *1a/*15, *1a/*17, *1b/*5, *1b/*15, *1b/*17), and subjects with high myopathy risk
(SLCOIBI*5/*5, *5/*15, *5/*17, *15/*15, *15/*17, *17/*17). Routine creatine kinase surveillance should be considered.
Initiate therapy with standard recommended dose for subjects with CYP3A45*3/*3, CYP3A5*%6/*6, CYP3A5*7/*7,
CYP3A45*3/*6, CYP3A45*3/*7, or CYP3A5%6/*7; however, a dose 1.5-2 times higher than standard dosing, but not to
exceed 0.3 mg-kg '-day ', can be initiated among subjects with CYP345%1/%3, CYP345%1/*6, CYP3A5*1/*7 or
CYP345*1/*1. Dosage should be adjusted according to therapeutic drug monitoring of tacrolimus plasma concentrations.
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Table 2 Biomarks related with drug metabolism and transport based on meta-analysis evidence or FDA prescribing information. CYP:
Cytochrome P450; VKORCI: Vitamin K epoxide reductase complex subunit 1; GSTP1: Glutathione S-transferase Pi 1; UGT: Uridine
diphosphate-glucuronosyl transferase; TPMT: Thiopurine S-methyltransferase; MTHFR: Methylene tetrahydrofolate reductase; DYPD:
Dihydropyrimidine dehydrogenase; NAT2: N-Acetyltransferase 2; SLCO1B1: Solute carrier organic anion transporter family member
1B1; ABCBI1: ATP binding cassette subfamily B member 1; ABCG2: ATP binding cassette subfamily G member 2

Biomark Clinical application

Genotype

CYP345
transplant patients "]

CYP2D6  Predict the efficacy of adjuvant tamoxifen for breast cancer !

Predict the starting dose and chronic renal toxicity of tacrolimus, and dose of cyclosporin in renal

1, and safety of tramadol, amitriptyline,

CYP3A45*3

Multi-allelic loci

aripiprazole, perphenazine, tomoxetine, citalopram, clomipramine, doxepin, fluoxetine, vortioxetine,
tomoxetine, venlafaxine, metoprolol, propafenone, quinidine or tolterodine in poor metabolizers

and ultrarapid metabolizers receiving codeine ©*!

CYP2C9  Predict the dose of celecoxib in poor metabolizers, warfarin in intermediate metabolizers and poor

metabolizers"™

VKORCI  Predict the starting dose and drug toxicity of warfarin ™)

CYP2C19 Predict clopidogrel resistance, voriconazole dose and safety of citalopram and diazepam in poor

metabolizers"™
CYPIBI

GSTP1

Predict the anti breast cancer efficacy of paclitaxel

Predict the efficacy of cisplatin and oxaliplatin ['*’

UGTIAl  Predict the toxicity of irinotecan (e.g., diarrhea and bone marrow suppression) ), and

nilotinib-induced hyperbilirubinemia

TPMT Predict the efficacy and toxicity of mercaptopurine and azathioprine

*2/*2, *¥3/%3, *2/*3(celecoxib); *1/*3,
*1/%2, *¥2/*2, *3/*3, *2/*3 (warfarin)
VKORCI-1639G>A

CYP2C19*2, CYP2C19*3

CYPIBI*3
GSTPI A313G

UGTIA1*28, UGTIAI*6 (irinotecan);
UGTI1A41%28 (nilotinib)

Bl TPMT*2 (G238C), TPMT*3A

(G460A/AT19G), TPMT*3B (G460A),
TPMT*3C (A719G)

MTHFR  Predict the relapse risk in acute lymphoblastic leukemiapatients receiving methotrexate ! MTHFR C677T

DPYD Predict toxicity of 5-fluorouracil (gastrointestinal cancer) and capecitabine (recurrent breast can- DPYDc.1679T>G, ¢.1236G>A/HapB3,
cer)!?! DPYD*2A, ¢.2846A>T

NAT2 Predict hepatic toxicity of anti tuberculosis drugs ) NAT2*4

SLCOIBI Predict the probability of enalapril-induced cough '*), and down-regulation of simvastatin dose or c.521T>C

therapeutic switch to other statins [

ABCBI Predict imatinib response in chronic myeloid leukemia patients
num-based chemotherapy in non small cell lung cancer patients
ABCG2  Predict the uric acid-lowering effect of allopurinol ¢!

and drug response of plati-

¢c.1236C>T, ¢.2677G>T/A, ¢.3435C>T

Q141K (1s2231142)
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