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• No less than 30% of day-case surgical patients suffer from severe

or moderate pain at 24 hours after surgery1,2, while multimodal

analgesia with codeine, paracetamol and non-steroidal analgesic

agents is proven effective for treatment

• Codeine is a prodrug, activated to morphine via CYP2D6,
• Genetic polymorphism plays a vital role in morphine exposure3, and

may lead to therapeutic failure (low to none CYP expression) or

morphine toxicity

• CYP2D6 expression has been quantified categorically using four

subclasses, i.e., Poor (PM), Intermediate (IM), Normal (NM), or

Extensive (EM) metaboliser depending on CYP2D6 activity

• Recent guidelines from Clinical Pharmacogenetics Implementation

Consortium (CPIC®)4 and Dutch Pharmacogenetics Working Group

(DPWG) devise a numerical system based on quantitative

increments for each gene in a diplotype
• Activity score (AS) for CYP2D6 expression can be implemented as a

covariate in population model

• In vivo CYP2D6 activity of different allele variants and genotypes

has not been precisely quantified during codeine therapy

• Previous studies are retrospective and have evaluated pooled data

from several small studies with limited number of CYP2D6 allele

variants

Aims:

1. popPK modelling for codeine and its metabolites in ambulatory

surgery patients

2. CYP2D6 genetics-based covariate model for prediction of

codeine metabolism

3. Identifying the role of each gene in the diplotype towards

morphine exposure

4. Involvement of other patient covariates in complex codeine

pharmacokinetics

5. Model simulations for quantifying morphine exposure based on

CYP2D6 genetics

Methodology:

• Non-linear mixed effects modelling was conducted with

NONMEM® (version 7.4.3 or above) (ICON Development

Solutions, Ellicott city, MD, USA) 15, assisted by the Perl-Speaks-

NONMEM toolkit 16.

• 58-83% reduction of the apparent CYP2D6 activity from NM

• CYP2D6*10 decreased function alleles showed higher apparent

CYP2D6 activity compared with genotypes with CYP2D6*41 allele

• Unexplained variability in fmor,pop could be reduced from 52% to

30% with covariate model (still high!)

• Codeine to morphine metabolism ranges from approx. 0% to more

than 30% for PM and UM respectively (20 folds higher AUC!)

• For AS 3 and 4, simulations show normal dosing regimens can cross

the EC505,6 for respiratory depression for morphine concentrations

• Prospective exploratory clinical trial was conducted at the day

surgery unit of Jorvi Hospital in Espoo, Finland

• N = 1000 ambulatory surgery patients, 997 individuals were modelled

for a lack of CYP2D6 genetic profile for 3 study subjects

• Study was registered with EudraCT (number: 2015-005561-23)

• Approved by the Coordinating Ethics Committee of the Helsinki

and Uusimaa Hospital District (3/2016) and by the Finnish

National Agency for Medicines (KL no 4/2016)

• Oral premedication with 60mg codeine and 1000mg paracetamol for

prophylactic preoperative analgesia

• Drug concentrations (i.e., codeine, morphine, C6G and M3G) were

analysed using LC-MS system (Sciex, Toronto, Ontario, Canada),

while CYP2D6 genotyping and CNV was carried out using

TaqManR genotyping assays (Thermo Fisher Scientific, Waltham,

MA)
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All patients

n 997

Age (yr) 47.8 (12.9)

Weight (kg) 79.8 (13.8)

BMI (kg/m2) 25.9 (3.60)

ASA-class

1 513

2 424

3 60
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Parameter
Parameter estimate SIR results

Median 95% CIa Median 95% CI

𝐤𝐚,𝐜𝐨𝐝 8.74 [6.49 – 10.98] 8.81 [6.53 – 11.18]

𝐂𝐋𝐜𝐨𝐝 110 [59.6 – 160 .4] 108.9 [80.9 – 137.6]

𝐕𝐜,𝐜𝐨𝐝 427.5 [231.2 – 623.8] 414.1 [320.9 – 577.8]

𝐅𝐜𝐨𝐝 0.84 [0.4556 – 1.00] 0.83 [0.63 – 0.97]

𝐂𝐋𝐦𝐨𝐫 357.5 [178.2 – 536.9] 353.7 [256.9 – 451.6]

𝐕𝐜,𝐦𝐨𝐫 22.8 [9.447 – 36.2] 22.5 [13.3 – 31.8]

𝐅𝐦𝐨𝐫 0.16 [0.108 – 0.209] 0.16 [0.11 – 0.22]

𝐆𝐄𝐍𝐞𝐟𝐟 1.00 [0.96 – 1.05] 1.00 [0.96 – 1.05]

𝐂𝐋𝐂𝟔𝐆 7.96 [4.28 – 11.66] 7.89 [5.91 – 9.86]

𝐕𝐜,𝐂𝟔𝐆 5.36 [2.88 – 7 .86] 5.36 [3.82 – 6.92]

𝐂𝐋𝐌𝟑𝐆 9.45 [4.67 – 14.21] 9.41 [6.90 – 11.82]

𝐕𝐜,𝐌𝟑𝐆 8.47 [4.17 – 12.78] 8.43 [5.91 – 10.86]

𝛈𝐤𝐚,𝐜𝐨𝐝 3.75 [2.96 – 4.55] 3.78 [3.03 – 4.58]

𝛈𝐕𝐜,𝐜𝐨𝐝 0.181 [0.158 – 0.204] 0.181 [0.159 – 0.205]

𝛈𝐅𝐜𝐨𝐝 0.024 [0.019 – 0.029] 0.024 [0.019 – 0.029]

𝛈𝐂𝐋𝐦𝐨𝐫 0.062 [0.046 - 0.077] 0.061 [0.047 – 0.075]

𝛈𝐑𝐦𝐨𝐫 0.334 [0.306 - 0.361] 0.334 [0.306 – 0.363]

𝛆𝐜𝐨𝐝 0.259 [0.242 - 0.275] 0.259 [0.241 – 0.275]

𝛆𝐦𝐨𝐫 0.149 [0.136 - 0.162] 0.149 [0.137 – 0.161]

𝛆𝐂𝟔𝐆 0.103 [0.094 - 0.112] 0.103 [0.094 – 0.113]

𝛆𝐌𝟑𝐆 0.096 [0.087 - 0.105] 0.096 [0.086 – 0.104]

Codeine Morphine

M3GC6G

Category CYP2D6 activity Predicted AUCcod (SD) µg.h/L Predicted AUCmor (SD) µg.h/L

POOR 0.55 209 (120) 0.98 (1.3)

INTERMEDIATE 6.82 215 (125) 3.7 (3.4)

NORMAL 13.8 210.4 (121) 8.7 (7.3)

ULTRARAPID 19.9 206 (121) 19 (14)


