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Abstract

Oxycodone has been one of the most common opioids found in drug-induced poisoning deaths in Sweden
since 2020. A better understanding of oxycodone’s metabolism could allow us to develop new tools that
could prevent oxycodone related deaths. One way to improve understanding of oxycodone metabolism is
to develop a mathematical model of its pharmacokinetics. A pharmacokinetic model describes the con-
centrations of oxycodone and its metabolites in a person’s blood or urine over time. The concentration of
oxycodone and its metabolites can provide information if, for example, a person acquires dangerous con-
centrations of oxycodone in their body. What is troubling is that current pharmacokinetic models of oxy-
codone metabolism have shortcomings in describing all relevant metabolites, accounting for the CYP2D6
phenotype, and incorporating individual anthropometric measurements. To address these problems, a
mathematical model of oxycodone metabolism was developed by using iterative model-based hypothe-
sis testing. The developed model could describe the three main metabolic pathways: O-demethylation,
N-demethylation, and 6-keto-reduction, over 24 hours for oxycodone and its metabolites in the blood.
The model could do this with respect to anthropometric measurements and the CYP2D6 phenotype.
During model development and implementation of CYP2D6 phenotype consideration, model evaluation
revealed that CYP2D6 metabolisers exhibited overall poorer oxycodone metabolism not only in the O-
demethylation pathway but also in the reduction and N-demethylation pathways. This behaviour was
contrary to what the literature suggested about how the poor metabolisers should behave.

Continuing, when attempting to describe both blood and urine dynamics simultaneously, the model
failed to explain the urinary dynamics. However, because the model accurately described oxycodone
dynamics in the blood, it could potentially be used by forensics in the future to predict the time of
intake, dose size, and route of administration from a single sample collected from living patients. Being
able to determine the time of intake, dose size, and route of administration could be useful in future
forensic cases where such information is scarce. The model could also be used in the future to create
patient-speci ¢ dosing plans to prevent accidental overdosing cases.

Keywords: oxycodone, pharmacokinetics, mathematical modelling, forensics, SUND, parameter estima-
tion, metabolism, patient-speci c, substance abuse prevention, dose plans.
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1 Introduction | The rising misuse of oxycodone

Oxycodone has been one of the most common opioids found in drug-induced poisoning deaths in Swe-
den since 2020 (Tab. 1; [1, 2]). The increased frequency of oxycodone in drug-related deaths is mainly
attributed to the increase in oxycodone prescriptions and its highly addictive properties [3, 4, 5]. Due
to oxycodone's addictive properties and ease of overdosing, it is relevant to understand how the body
metabolises oxycodone to better understand how oxycodone overdosing cases occur and potentially pre-
vent them with patient-speci ¢ dosing plans.

An e ective way to improve our understanding of the complex metabolism of oxycodone would be
to create a mechanistic model that describes the absorption, metabolism, and elimination of oxycodone
[6]. A mathematical model would allow one to describe and predict the pharmacokinetic behaviour of
oxycodone. Thatis, describing what the body does to oxycodone [7], how it is metabolised, and describing
the concentrations of oxycodone and its metabolites in our blood or urine over time to detect dangerous
levels. Although there are pharmacokinetic models that can describe oxycodone dynamics in blood [8, 9,
10], they lack aspects essential for forensic investigations and individualised dosing plans.

Previous pharmacokinetic models of oxycodone's metabolism have used one or two-compartment
models [8, 9], physiologically based models [10], or linear regression [11] to describe di erent aspects of
oxycodone metabolism. Current models lack either the capacity to fully describe all relevant metabo-
lites [1], controlled- and immediate-release oral tablets, patient speci city, or the dynamics in urine. By
creating a model that incorporates the missing features, one could develop a framework useful in forensic
cases and personal medication. In forensic cases, the model framework could be used by forensics to
predict the size of the dose, the administration type, and the time of intake of oxycodone in a living
person. Predicting the dose size, administration, and time of intake could be done by extrapolating from
single samples of either blood or urine, using the metabolite pro le in that sample and anthropometric
measurements (Fig. 1). In personal medication, such a model could be useful to create patient-specic
prescriptions of oxycodone, potentially preventing overdosing cases from the start (Fig. 1; [12]).

Table 1: Number of poisoning deaths for some of the most common substances that the National Board of
Forensic Medicine in Sweden (RMV) have classi ed as the cause of death in their autopsies [2]. From 2020 to
2024, RMV performed 28,423 forensic autopsies in Sweden. From the forensic autopsies, 3,767 autopsies were
related to poisonings from medicines or drugs, where oxycodone was the culprit in 510 autopsies. The numbers
translate to about 13% of the cases, or roughly every eighth case being caused by oxycodone in poisonings by
medicine or drugs.

Year 2020 | 2021 | 2022 | 2023 | 2024
Forensic autopsies 5559 | 5804 | 5918 | 5970 | 5172
Poisonings (medicines/drugs)| 768 | 723 | 815| 782 | 679
Oxycodone 105| 100| 108 96 | 101
Alprazolam 80 78 91| 106 75
Buprenorphine 87 89 95 71 66
Zopiclone 50 58 85 79 66
Alimemazine 66 63 73 63 53
Propiomazine 42 42 65 63 53
Pregabalin 40 40 41 50 47
Methadone 75 40 57 62 45
Heroin 88 67 78 60 44
Tramadol 55 61 51 63 44
Amphetamine 51 42 52 51 39
Diazepam 29 21 22 34 35
Mirtazapine 22 33 40 32 31
Promethazine 24 30 31 22 29
Gabapentin 11 17 21 18 26
Citalopram 17 15 22 13 23




Figure 1: The schematic relation between the problem of the rising misuse of oxycodone and why a pharmacoki-
netic model of oxycodone metabolism would be useful. The gure presents how the current problem of oxycodone
misuse gives reason for a greater understanding of oxycodone's metabolism to understand better how people die
from it. One way to better understand oxycodone's metabolism is to develop a model of its metabolism. Finally,
the model is linked with areas where it would be useful, for example, in forensic cases where oxycodone is the
main culprit, and in the design of patient-speci ¢ medication plans.

1.1 Oxycodone and its metabolic pathways

To create a model of oxycodone metabolism, one must understand how it is metabolised. The most
common way for oxycodone to be prescribed and enter the body is through immediate release (IR) or
controlled release (CR) oral tablets [1, 11, 13]. After oral administration, oxycodone is absorbed into
the bloodstream and liver via the gastrointestinal tract and the hepatic rst-pass e ect, respectively [14].
Thereafter, oxycodone is metabolised in the liver or distributed throughout the body via the blood to
exert its e ect on the body [1, 9].

While in the body, oxycodone employs its analgesic (pain-relieving) e ect by binding to -, -, and -
opioid receptors throughout the brain, intestines, and respiratory centre [1, 8]. While oxycodone employs
its analgesic e ect, oxycodone is at the same time metabolised in the liver via three main pathways:
N-demethylation by the cytochrome p450-enzyme system (CYP)3A4/5, O-demethylation by CYP2D6,
and 6-keto-reduction by an unknown reduction enzyme [1, 11, 13].

First, the primary metabolic pathway of N-demethylation by CYP3A4/5 leads to the metabolite
noroxycodone (Fig. 2; [1]). Noroxycodone is then metabolised to noroxymorphone by CYP2D6 via O-
demethylation. Finally, noroxymorphone is conjugated by uridine diphosphate glucuronosyltransferase
(UGT)2B7 to noroxymorphone-3 -D-glucuronide (Fig. 2; [1, 10, 15]).

The secondary metabolic pathway, O-demethylation by CYP2D6, metabolises oxycodone into oxy-
morphone (Fig. 2; [1]). However, it is important to note that di erent CYP2D6 phenotypes a ect
oxycodone metabolism. The di erent phenotypes have been grouped into poor, intermediate, extensive,
and ultra-rapid metabolisers. Depending on CYP2D6 phenotype, the metabolites formed can vary sub-
stantially [1, 9, 11, 16]. Oxymorphone is thereafter either metabolised by CYP3A4/5 via N-demethylation
to noroxymorphone, or directly conjugated by UGT2B7 to oxymorphone-3 -D-glucuronide (Fig. 2; [1,
15)).

The nal metabolic pathway, 6-keto reduction, occurs throughout oxycodone's metabolic cycle. 6-keto-
reduction metabolises oxycodone to / -oxycodol, noroxycodone to / -norxycodol, and oxymorphone to
/ -oxymorphol (Fig. 2; [1]). While the three pathways occur in the liver, oxycodone and its metabolites
are continuously being excreted from the body via the kidneys in the urine.

In summary, oxycodone is extensively metabolised in the liver to various amounts of metabolites by
multiple pathways (Fig. 2). The pathways are N-demethylation, O-demethylation, and 6-keto-reduction,
with O-demethylation heavily dependent on CYP2D6 phenotype.
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