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Abstract
Global oxycodone consumption has increased sharply during the last two decades, and, in 2008, oxycodone consumption 
surpassed that of morphine. As oxycodone was synthesized in 1916 and taken to clinical use a year later, it has not undergone 
the same approval process required by today’s standards. Most of the basic oxycodone pharmacokinetic (PK) data are from 
the 1990s and from academic research; however, a lot of additional data have been published over the last 10 years. In this 
review, we describe the latest oxycodone data on special populations, including neonates, children, pregnant and lactating 
women, and the elderly. A lot of important drug interaction data have been published that must also be taken into account 
when oxycodone is used concomitantly with cytochrome P450 (CYP) 3A inducers and inhibitors and/or CYP2D6 inhibitors. 
In addition, we gathered data on abuse-deterrent oxycodone formulations, and the PK of alternate administration routes, i.e. 
transmucosal and epidural, are also described.
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1 Introduction

There has been a sharp increase in global oxycodone con-
sumption since 1995, when a controlled-release (CR) tablet 
formulation was approved and launched for use in the fol-
lowing year. Twelve years later, in 2008, oxycodone con-
sumption surpassed that of morphine. Much of the oxyco-
done consumption is from the US (73% of the world total), 
while other major consumer countries include Canada, Ger-
many, Australia, France, China, the UK and Italy. For dec-
ades, oxycodone consumption per capita was similar in the 
US, Australia and Finland, but, during the last 15–20 years, 
use in the US and Australia has surpassed that in Finland by 
severalfold. In 2012, oxycodone consumption in Australia 
and the US was almost threefold and eightfold, respectively, 
higher than in Finland (Fig. 1) [1].

Oxycodone was synthesized in 1916 and introduced for 
clinical use in 1917 in Germany [2]. It became available 
for use in the US in 1939. In Finland, oxycodone has been 
the most commonly used opioid analgesic since the 1960s, 
and, during the last 10 years, oxycodone has accounted for 
70–80% of total opioid consumption in Finland [3]. Like 
other old drugs, oxycodone has not undergone the same 
approval process required by today’s standards. It was for-
mally approved in Finland in 1973 and in the US in 1991.

To receive marketing authorisation for a medicine, appli-
cants should provide a dossier containing data on the effi-
cacy, safety and quality of the product. The efficacy data 
should contain pharmacokinetic (PK) data in healthy vol-
unteers and patients with regard to absorption, distribution, 
metabolism, elimination, bioavailability and interactions. 
Data on adverse reactions are also required, and whether 
there is any reason to suspect that the adverse reaction is 
caused by the altered PK of the substance based on genetic 
PK variations. Data should also be provided for special 
patient groups [4]. Oxycodone has a long history of clinical 
use but without appropriate knowledge on its PK, with most 
of the oxycodone PK data originating from the 1990s.

The basic PK of oxycodone have been previously 
described (see, for example, Lalovic et al. [5] and Pöyhiä 
et al. [6]). In this review, our focus is on special popula-
tions, including children, pregnant and lactating women, the 
elderly, and those with liver/renal failure. We also review 
drug interactions with the principal cytochrome P450 (CYP) 
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enzymes involved in oxycodone metabolism. In addition, we 
have gathered PK data on abuse-deterrent oxycodone for-
mulations. For these purposes, we conducted a MEDLINE 
search to identify literature published in 2006 and beyond 
that was relevant to the PK of oxycodone.

2  Basic Pharmacokinetics (PK)

Oxycodone, 4,5α-epoxy-14-hydroxy-3-methoxy-17-
methylmorphinan-6-one hydrochloride, is derived from 
the opioid alkaloid thebaine. It is a full opioid agonist, has 
two planar rings, two aliphatic rings and four chiral centres, 
and its molecular weight is 351.83 g/mol. It is hygroscopic, 
freely soluble in water and slightly soluble in ethanol [7].

Oxycodone is relatively selective for the µ-opioid 
receptor, although it can bind to other opioid receptors 
at higher doses. Opioid receptors are G-protein-coupled 
receptors, where the link with effector proteins is relayed 
via a G-protein. Oxycodone binding of the opioid recep-
tor stimulates the exchange of guanosine-5′-triphosphate 
(GTP) for guanosine-5′-diphosphate (GDP) on the G-pro-
tein complex. This inhibits adenylate cyclase and prevents 

cyclic adenosine-monophosphate (cAMP) production. As a 
consequence, the release of nociceptive neurotransmitters, 
substance P, γ-aminobutyric acid (GABA), dopamine, ace-
tylcholine, and noradrenaline are inhibited. Oxycodone also 
inhibits the release of vasopressin, somatostatin, insulin, and 
glucagon. Oxycodone closes N-type voltage-gated calcium 
channels and opens G-protein-coupled, inwardly rectifying 
potassium channels. Subsequently, neuronal excitability is 
reduced and hyperpolarisation occurs [8].

Oxycodone is extensively metabolised in the liver via 
CYP3A4/5 to noroxycodone (45%) and via CYP2D6 to 
oxymorphone (19%). Noroxycodone exhibits only weak 
antinociceptive potency; its affinity for µ-opioid receptors 
is one-third and potency five- to tenfold less than oxyco-
done. On the contrary, oxymorphone has a 10- to 45-fold 
higher affinity for µ-opioid receptors and is 8- to 30-fold 
more potent compared with oxycodone. Oxymorphone does 
not readily cross the blood–brain barrier (BBB) and, thus, 
in humans, the approximate oral equianalgesic dose ratio 
of oxymorphone:oxycodone is 1:2. Both noroxycodone and 
oxymorphone are further metabolised to noroxymorphone, 
which has a two- to fourfold higher affinity for µ-opioid 
receptors and is twofold more potent than oxycodone. 
However, noroxymorphone does not cross the BBB and is 
unlikely to contribute to the analgesic action of oxycodone. 
In general, the contribution of active metabolites to anal-
gesia following oxycodone administration is thought to be 
clinically insignificant (Fig. 2) [5, 9].

The PK of oxycodone and its main metabolites in healthy 
subjects have been described in several reviews. Following 
intravenous administration, the median steady-state volume 
of distribution  (Vdss) for oxycodone was 2.6 L/kg (range 
1.8–3.7), the total plasma clearance (CL) was 0.82 L/min 
(range 0.4–1.3), elimination half-life (t½) was 3.0 h (range 
1.8–9.7) and the noroxycodone:oxycodone (NOR:OXY) 
ratio for area under the concentration–time curve (AUC) 
was 0.3 (range 0.06–0.83) [10].

Following intramuscular administration of oxycodone 
0.14  mg/kg, the mean maximum plasma concentration 
(Cmax) was 34 ng/mL (standard deviation [SD] 10), median 
time to Cmax (Tmax) was 1.0 h (range 0.5–1.5), CL was 
0.78 L/min (SD 0.2), t½ was 4.9 h (SD 0.8) and NOR:OXY 
ratio was 0.45 (SD 0.23) [11].

After oxycodone 0.28 mg/kg oral liquid, the mean Cmax 
was 38 ng/mL (SD 14), median Tmax was 1 h (range 0.5–1), 
t½ was 5.1 h (SD 1.7), bioavailability relative to intramus-
cular administration was 0.6 (SD 0.2) and the NOR:OXY 
ratio was 0.64 (SD 0.24) [11]. After oral administration of 
an oxycodone 0.15 mg/kg immediate-release (IR) capsule, 
the mean Cmax was 26 ng/mL, median Tmax was 1.5 h (range 
1–5), t½ was 3.8 h (SD 0.9), bioavailability relative to intra-
venous administration was 0.69 (SD 0.1) and the NOR:OXY 
ratio was 0.97 (SD 0.39) [12].

Key Points 

There is extensive between-subject variation in the phar-
macokinetics (PK) of oxycodone in preterm neonates 
and newborns, and their hepatic clearance (CL) is low 
and volume of distribution large. In elderly individuals, 
oxycodone CL is slightly lower and volume of distribu-
tion is slightly smaller compared with young adults.

In pregnant or labouring women, oxycodone passes 
freely through the placenta; oxycodone concentrations 
are similar in maternal and fetal plasma. Low concentra-
tions of oxycodone are found in mothers’ milk.

Interactions with cytochrome P450 (CYP) 3A inhibi-
tors and inducers with/without CYP2D6 inhibitors can 
substantially affect the PK and pharmacodynamics 
(PD) of oxycodone. These interactions must be taken 
into account in patients using, starting, or discontinuing 
CYP3A inducer(s) or inhibitor(s) with/without CYP2D6 
inhibitor(s) during oxycodone treatment.

Transmucosal administration is a feasible option in acute 
pain management for those patients with no intravenous 
line in place, while epidural administration is an option 
in those patients with an epidural catheter in place. How-
ever, further data are needed on the safety and efficacy of 
intrathecal oxycodone.
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Oxycodone bioavailability with CR and IR tablets is simi-
lar to the IR solution [13, 14]; however, after administration 
of oxycodone IR tablets, the Cmax was twofold higher than 
with CR tablets, Tmax was earlier (1.3 and 2.6 h) and t½ was 
shorter with IR tablets than CR tablets (3 vs. 4–5 h, respec-
tively) (Table 1) [14].

Oxycodone is 38–45% protein-bound, mainly to albumin, 
and oxycodone and its metabolites are excreted primarily 
via the kidney: oxycodone 9–11%, noroxycodone 23%, oxy-
morphone 10%, noroxymorphone 14%, reduced metabo-
lites ≤ 18%. Oxycodone crosses the placenta freely and is 
excreted in human breast milk [5, 6, 15].

3  Cytochrome P450 2D6 Polymorphism 
and Oxycodone

The genetic polymorphism of CYP2D6 influences the PK 
of oxycodone [16]. Based on functional alleles, the popula-
tion can be classified into four CYP2D6 phenotypes: poor 
metabolisers (PMs) with no functional alleles, intermedi-
ate metabolisers (IMs) with decreased functional alleles, 
normal metabolisers (NMs) with normal functional alleles, 
and ultrarapid metabolisers (UM) with increased func-
tional alleles. Data on whether CYP2D6 phenotypes affect 
analgesic efficacy and adverse effects of oxycodone are 
inconsistent. In experimental settings in healthy subjects 

taking two oxycodone 10 mg capsules orally, the plasma 
oxymorphone:oxycodone ratio was lower in PMs compared 
with more rapid metabolisers (0.004 vs. 0.01, respectively). 
However, the variation in plasma concentrations at 1 h 
after ingestion was extensive (between 3.0 and 104 ng/mL 
in PMs and 0.1 and 72.7 ng/mL in others), indicating that 
there has also been significant variation in the absorption of 
oxycodone. In both groups, oxycodone induced a significant 
analgesic effect compared with placebo for all the pain vari-
ables tested. Analgesic efficacy was marginally less in PMs 
compared with others; the electrical stimulation pain detec-
tion threshold was increased compared with baseline (9% vs. 
20%) as well as the tolerance thresholds (15% vs. 26%), the 
cold pressor test (14% vs. 26%), the pain summation thresh-
old to repetitive electrical stimulation (20% vs. 26%), and the 
discomfort rating of the cold pressor test (17% vs. 23%) in 
PMs versus others, respectively [17]. Supporting data were 
presented by Samer et al. [18, 19], who reported that pain 
tolerance to electrical stimulation and cold correlated with 
CYP2D6 activity. However, the main limitation of that study 
was its small sample size, and only 10 subjects were tested: 
one PM, one IM, six NMs and two UMs [18, 19].

In clinical studies, no meaningful differences between the 
phenotypes have been found. In postoperative pain treat-
ment in patients undergoing thyroidectomy, mastectomy or 
hysterectomy, there was no difference in intravenous oxyco-
done analgesia between PMs (n = 24) and other phenotypes 
(n = 246). The mean oxycodone consumption during the first 
24 postoperative hours was 15 and 13 mg, respectively, in 
the two groups [20]. In patients having major abdominal 
surgery, supporting data were presented in eight PMs, 38 
IMs, 70 NMs, and five UMs. In the early phase of the recov-
ery, oxycodone consumption was marginally higher in PMs; 
however, after the first 12 postoperative hours, there was no 
difference in oxycodone consumption or pain scores between 
the CYP2D6 phenotypes [21].

4  Central Nervous System Penetration

The main site of analgesic action of oxycodone is in the 
central nervous system (CNS), the brain and the spinal cord. 
Oxycodone may also have some peripheral action that can 
contribute to analgesia, particularly in inflammatory and 
visceral pain conditions [22]. Pharmacokinetic/pharmaco-
dynamic (PK/PD) models evaluating oxycodone analgesia 
in experimental visceral pain indicate a peripheral effect 
and show a direct linear drug–effect correlation between the 
plasma oxycodone concentration and visceral pain tolerance 
[23, 24].

To have CNS effects, oxycodone should penetrate the 
BBB. Experimental data indicate that oxycodone is actively 
transferred through the BBB. The concentration of unbound 

Fig. 1  a Global consumption of total opioids, oxycodone, and mor-
phine for the years 1992, 2002 and 2012. In 2012, oxycodone covered 
half of the total opioid use. b Oxycodone use per capita in the US, 
Australia and Finland for the years 1992, 2002 and 2012
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oxycodone is three- to sixfold higher in the brain than in the 
plasma [25–27]. Interestingly, the oxycodone brain:plasma 
ratio seems to be dose-dependent. In a recent study in mice, 
plasma and brain concentrations were measured after 6-day 
oxycodone infusions. The brain:plasma ratios were 3.1 in 

the low-dose group (20 mg/kg/day), 1.5 in the medium-
dose group (45 mg/kg/day) and 1.0 in the high-dose group 
(120 mg/kg/day) [28].

A proton-coupled antiporter for organic cations in the 
endothelial cells has been proposed as the active influx 

Fig. 2  Metabolism of oxycodone. Oxycodone is metabolised via 
CYP3A4 and CYP2D6 to noroxycodone, oxymorphone, and noroxy-
morphone. Oxycodol, noroxycodol and oxymorphol are reductive 

metabolites of oxycodone, noroxycodone and oxymorphone, with 
each of them having two stereoisomers (α and β). CYP cytochrome 
P450

Table 1  Pharmacokinetic 
parameters of oxycodone in 
healthy subjects

Data are expressed as median [range] or mean (SD)
Vss steady-state volume of distribution, CL clearance, Cmax maximum plasma concentration, Tmax time 
to maximum concentration, t½el elimination half-life, AUC  area under the concentration–time curve, 
NOR:OXY ratio noroxycodone:oxycodone ratio, IR immediate release, CR controlled release

Parameter Intravenously, 
0.07 mg/kg [10]

Intramuscularly, 
0.14 mg/kg [11]

Orally, liquid, 
0.28 mg/kg [11]

Orally, IR 
tablet, 5 mg 
[166]

Orally, CR 
tablet, 10 mg 
[166]

Vss (L/kg) 2.6 [1.8–3.7]
CL (L/min) 0.82 [0.4–1.3] 0.78 (0.2)
Cmax (ng/mL) 34 (10) 38 (14) 15.6 (4.4) 15.1 (4.7)
Tmax (h) 1.0 [0.5–1.5] 1.0 [0.5–1.0] 1.4 (0.7) 3.2 (2.2)
t½el (h) 3.0 [1.8–9.7] 4.9 (0.8) 5.1 (1.7)
AUC (ng/mL/h) 208 (49) 245 (84) 99 (36) 104 (40)
Bioavailability 0.6 (0.2)
NOR:OXY ratio 0.3 [0.06–0.83] 0.45 (0.23) 0.64 (0.24)
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transporter for oxycodone at the BBB [29–31]. Perivascular 
cells and pericytes mediate BBB properties but do not seem 
to be involved in oxycodone BBB distribution in rats [32]. 
Neurodegenerative disease is supposed to alter BBB func-
tion and drug delivery into the CNS; however, oxycodone 
transport at the BBB seems to not be affected in experimen-
tal models of neurodegenerative disease [33].

Permeability glycoprotein (P-gp) is one of the efflux pro-
teins at the BBB. Data on whether oxycodone is a substrate 
of P-gp are conflicting. Earlier data indicated that coadmin-
istration with a P-gp inhibitor did not affect transport of 
oxycodone into the brain [34]. More recently, it has been 
shown that oxycodone may stimulate the P-gp activity in a 
concentration-dependent manner and that prolonged use of 
oxycodone may induce overexpression of P-gp [35].

Active transport across the BBB is supported by experi-
mental data showing that the time to reach 50% equilibrium 
to the deep brain compartment for oxycodone is 7 min [27]. 
PD data support active transport. The onset of oxycodone 
analgesic action is relatively fast, i.e. 15 min after intrave-
nous administration in rats [36] and 28 min in humans [37], 
both of which are faster than in morphine.

In experimental studies ethanol, (nor)ketamine and pre-
gabalin have attenuated oxycodone tolerance without affect-
ing oxycodone brain concentrations [28, 38–40]. In humans, 
cerebrospinal fluid (CSF) concentrations are often used as a 
surrogate parameter of CNS exposure of compounds. After 
intravenous oxycodone 0.1 mg/kg, Cmax, Tmax and t½ in CSF 
were 31 ng/mL, 1.1 h and 4.0 h, respectively. After intrave-
nous administration, the AUC CSF; AUC plasma ratio of oxyco-
done was 1.2; however, after epidural administration, oxyco-
done exposure was significantly higher, Cmax and AUC in the 
CSF were 320- and 120-fold higher, respectively, compared 
with intravenous administration, and the AUC CSF:AUC plasma 
ratio of oxycodone after epidural administration was 110 
[41]. A recent physiology-based PK model was able to pre-
dict the CSF concentration–time profile of oxycodone within 
a 1.6-fold error [42].

Oxycodone is metabolised via CYP2D6 into oxymor-
phone, which has a 10- to 45-fold higher affinity and 8- to 
30-fold higher activation of the μ-opioid receptor compared 
with oxycodone [9]. Oxymorphone is suggested to have an 
active influx into the CNS as the oxymorphone concentra-
tions in the brain are twofold higher than in the blood [43]. 
However, it is unlikely that oxymorphone accounts for the 
analgesic effect of oxycodone after peripheral administra-
tion because the plasma concentrations of oxymorphone 
produced by metabolism are negligible and the influx CL 
for oxymorphone is low compared with oxycodone [9].

Noroxycodone is the main primary metabolite of oxyco-
done metabolised via CYP3A4/5 and is further metabolised 
to the secondary metabolite noroxymorphone via CYP2D6. 
Noroxymorphone has a higher affinity to the µ-opioid 

receptor than oxycodone and is a more potent G-protein acti-
vator than oxycodone [9]. Experimental data show that after 
systemic administration, noroxymorphone does not have any 
analgesic efficacy, but after intrathecal administration it may 
be more potent than oxycodone [44]. Human and experimen-
tal data show that noroxymorphone is present at relatively 
high concentrations in circulation but does not appear to 
cross the BBB to any significant extent [41]. In conclusion, 
noroxymorphone is assumed to not contribute to the analge-
sic action of oxycodone after systemic administration.

Recent data suggest that CYPs are present and active 
in the brain, and that brain CYP2D6 may contribute to the 
metabolism of oxycodone. Moreover, smoking and ethanol 
consumption may increase CYP2D6 expression in the brain 
[45], which may have some impact on the PK and PD of 
oxycodone.

After intrathecal administration, the analgesic efficacy 
of oxymorphone is 40-fold higher and the intrathecal oxy-
morphone dose for 50% maximum potential effect (MPE) is 
significantly lower at 0.63 μg/kg, compared with oxycodone 
at 20 μg/kg [46]. Interestingly, inhibition of CYP2D6 with 
intracerebroventricular propranolol increases brain oxyco-
done concentrations and analgesia, whereas induction of 
CYP2D6 with nicotine increases brain oxymorphone con-
centrations but decreases analgesia [47]. Further studies may 
more precisely elucidate the role of brain CYPs on the PK 
and PD of oxycodone and its metabolites.

5  Oxycodone in Renal and Hepatic 
Insufficiency

Renal function has some effects on the PK of oxycodone as 
small amounts of oxycodone (approximately 10%) and the 
majority of metabolites are excreted via kidneys. Moreover, 
uraemia affects body composition by decreasing the lean 
tissue mass index and increasing the fat tissue index, which 
also have an impact on the PK [48]. Since publication of the 
study by Kirvelä et al. [49], only a few studies have evalu-
ated the PK of oxycodone in renal insufficiency. In their 
study, Kirvelä et al. show that elimination of oxycodone is 
slightly prolonged in patients with renal deterioration com-
pared with healthy controls (t½ median 3.9 vs. 2.3 h), due 
to increased Vd (4.0 vs. 2.4 L/kg) and reduced CL (0.8 vs. 
1.1 L/min), and, most importantly, that the interindividual 
variation is extensive in those with renal insufficiency (t½ 
1.8–25.7 vs. 1.3–4.0 h) [49].

An abuse-deterrent formulation of extended-release (ER) 
oxycodone  (Remoxy®; Pain Therapeutics, Inc., Austin, TX, 
USA) was evaluated in patients with normal or mild, moder-
ate and severely impaired renal function. Following oxyco-
done 20 mg orally, the Cmax (31.6 vs. 17.6 ng/mL) and AUC 
(494 vs. 211 ng·h/mL) increased up to two- to threefold in 
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patients with declining renal function compared with those 
with normal renal function [50].

Oxycodone is extensively metabolised, and hepatic 
function significantly affects the PK. In patients undergo-
ing hepatic transplantation, the median oxycodone  Vdss 
after an intravenous dose of 0.05 mg/kg decreased from 
3.1 L/kg (range 2.1–6.0) before surgery to 2.0 L/kg (range 
0.9–5.9) after surgery, CL increased from 0.26 L/min (range 
0.15–0.73) to 1.1 L/min (range 0.7–4.0), and t½ decreased 
from 14 h (range 5–24), similar to that reported in healthy 
subjects [3.4 h (range 2.6–5.1)]. AUC values were 3.7-fold 
higher before transplantation than after, and significantly 
more unchanged oxycodone was excreted in urine in end-
stage cirrhosis [51]. It was later shown that even mild hepatic 
impairment significantly affects the PK of oxycodone. After 
administration of a CR oxycodone 20 mg tablet, Cmax was 
higher (25 vs. 17 ng/mL), t½ was longer (7.7 vs. 5.4 h) and 
AUC was also higher (387 vs. 199 ng·h/mL) in patients with 
hepatic impairment compared with healthy controls [52]. 
Consistent with this, in patients with mild to moderate liver 
insufficiency administered a tamper-resistant formulation 
of ER oxycodone  (Remoxy®) 10 mg orally, Cmax increased 
from 7.6 to 13.1 ng/mL and AUC increased from 106 to 
218 ng·h/mL when hepatic function declined from normal 
to moderate insufficiency [50].

In both renal and hepatic insufficiency, low elimination 
of oxycodone must be taken into consideration and close 
monitoring of patients is necessary when repeated doses are 
used. In patients with mild or moderate renal impairment, 
the initial dose should be 50–75%, and 50% of the standard 
starting dose in patients with severe kidney failure; a pro-
longed dosage interval is advised. Further doses should be 
adjusted according to the clinical situation. In patients with 
hepatic impairment, the initial dose should be 50% of the 
standard starting dose and either the dose interval should be 
longer or further doses smaller than standard doses. Patients 
must be closely monitored, and the dose should be adjusted 
based on clinical response.

In long-term use, drug formulation must also be considered 
as t½ and release of oxycodone from ER and CR tablets are 
prolonged. Patients with renal and hepatic function deteriora-
tion are more prone to oxycodone accumulation and adverse 
events in chronic use. However, recent data indicate that the 
PK parameters for a single dose of CR oxycodone-naloxone 
tablets in patients with end-stage renal disease are similar to 
those reported in subjects with normal renal function [53].

6  Sex Differences in the PK of Oxycodone

Women experience more pain and have more chronic pain 
than men and thus may need analgesics more often [54]. 
Recent data indicate significant differences between female 

and male structural and functional brain connectivity in 
regions involved in pain processing. These differences are 
already evident in neonates, and painful stimulus induces 
more widespread response in female newborns compared 
with male infants [55].

Sex differences in the PK of oxycodone have been 
sparsely evaluated. An early study with few subjects (n = 7) 
in each of four study groups indicated higher exposure of 
oxycodone and less metabolism to oxymorphone in women 
and the elderly compared with men and younger adults [56]. 
Most of the recent studies on oxycodone have not found 
this type of difference between women and men [57–60]; 
however, data on chronic oxycodone therapy show that the 
dose-adjusted Cmax value of oxycodone is lower, metabolism 
to oxymorphone is less, and the NOR:OXY ratio is higher in 
women compared with men [61, 62]. These findings support 
the earlier data by Kaiko et al. [56] and could reflect the fact 
that CYP3A4 expression is greater and/or phenotype is more 
active in women than men [63].

7  Oxycodone During Pregnancy 
and Lactation

Prolonged use of opioids during pregnancy can result in 
physical dependence and withdrawal syndrome in neonates. 
Opioid use during labour is also a concern as opioids cross 
the placenta freely and may produce respiratory and CNS 
depression in newborns. Low concentrations of oxycodone 
are detected in breast milk, and thus nursing mothers are 
advised to avoid oxycodone. The infant’s exposure depends 
on the mother’s plasma concentration and the amount of 
milk ingested. If opioid use is considered necessary, oxyco-
done use should be limited to a few days; a maximum daily 
dose of 30 mg orally is suggested [64].

Pregnancy and labour induce several physiological and 
anatomical changes in a female body that affect body com-
position and gastrointestinal, circulatory, renal and hepatic 
functions. These changes can have a profound effect on PK 
[65, 66]. Oxycodone has been evaluated in pregnant females 
in both experimental and clinical settings. In pregnant ewes, 
after administration of 0.1 mg/kg intravenous oxycodone, 
CL varied between 4.6 and 6.2 L·h/kg and Cmax varied 
between 50 and 74 ng/mL, but Vd varied significantly, 
between 1.5 and 4.7 L/kg. No accumulation of oxycodone 
was detected, and the fetal:maternal (F:M) ratio was between 
0.8 and 2.0 after intravenous administration and between 0.5 
and 1.0 after epidural administration. On the contrary, the 
active metabolite, oxymorphone, was noted to accumulate 
into the fetus after intravenous administration (median oxy-
morphone F:M ratio 2.1) but not after epidural administra-
tion (F:M ratio 1.3) [67].
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The PK of oxycodone have been studied in early labour 
pain in full-term women with singleton pregnancy. After 
intravenous oxycodone 2–5 mg, Cmax ranged between 9 and 
41 ng/mL. As Vd was less, i.e. 2.4 L/kg, than that reported 
in non-pregnant healthy subjects, t½ was relatively short at 
between 1.8 and 2.8 h. At the time of birth, a median of 7 h 
after the last dose of oxycodone, fetal exposure was low, the 
umbilical vein and arterial plasma oxycodone were between 
0.1 and 14.8 ng/mL, and the F:M ratio was 0.9–1.5. No fetal 
adverse effects or accumulation of the metabolites to the 
fetal side were noted [68].

As oxycodone is a weak base (pKa 8.5) and is moderately 
protein bound (38–45%), it may accumulate in a mother’s 
milk (pH 7.2) [69]. Seaton et al. [70] administered oxyco-
done 30 mg rectally after caesarean section, and thereafter at 
30–90 mg on day 1, ≤ 90 mg on day 2 and ≤ 50 mg on day 3. 
Oxycodone concentration in colostrum varied between 7 and 
130 ng/mL at 24 h, 0 and 168 ng/mL at 48 h, and between 0 
and 31 ng/mL at 72 h. The median colostrum:mother plasma 
ratio was 3.2:1 and there was a strong correlation between 
plasma and milk oxycodone concentrations at 24 h, with 
moderate correlation thereafter. However, oxycodone was 
detected in only 1 of 45 child plasma samples (concentra-
tion 7.4 ng/mL), which is consistent with the data indicat-
ing that during the first postpartum days, mothers produce 
small amounts of colostrum but not mature milk. Therefore, 
newborns are only exposed to small amounts of oxycodone. 
The amount of consumed colostrum/milk during the first 
days of life is low at < 4 mL/kg on day 1 and < 44 mL/kg on 
day 3 [71]; these small amounts of milk may not be enough 
to deliver any clinically significant amount of oxycodone to 
newborns.

However, if nursing mothers use oxycodone for a pro-
longed period of time, this is a risk to the health of the 
infant. In a retrospective analysis of nursing mothers using 
oxycodone, 20% (28/139) reported signs of CNS depression 
in their infants. Mothers who reported infant sedation were 
taking a higher dose of oxycodone (0.4 mg/kg/day) than 
mothers with asymptomatic infants (0.15 mg/kg/day). In 
addition, they were using oxycodone for a longer period of 
time (7 vs. 3 days) and were more likely to experience CNS 
depression themselves after oxycodone use (88%) than those 
with asymptomatic infants (58%). Thirty-eight of 39 moth-
ers reported that neonatal symptoms ceased with maternal 
oxycodone discontinuation [72]. Sixty-seven of these moth-
ers were genotyped for CYP2D6, CYP3A5, P-gp and the 
µ-opioid receptor encoding gene, OPRM1, polymorphisms; 
however, none of these were associated with oxycodone-
induced CNS depression in newborns [73].

In summary, a few days of maternal use of oral oxyco-
done < 30 mg/24 h seems to be well tolerated by newborns; 
however, close monitoring of infants is necessary and if 
any signs of increased sleepiness, difficulty breastfeeding, 

breathing difficulties, or limpness are noted, a physician 
should be contacted immediately [64]. If oxycodone use is 
needed after the first few postpartum days, a safe approach 
is to instruct mothers not to undertake nursing while receiv-
ing oxycodone, or to do so under close supervision by a 
physician.

8  Oxycodone in Children

Both acute and chronic pain are common in children and 
effective pain treatment is needed [74]. Non-pharmacolog-
ical methods are often highly effective and many painful 
conditions can be relieved with non-steroidal anti-inflam-
matory drugs (NSAIDs) with/without acetaminophen [75]. 
However, there is a need for opioid analgesics when NSAIDs 
are contraindicated [76] or when the efficacy of NSAIDs/
acetaminophen is insufficient.

In acute pain management, oxycodone has been used in 
paediatric patients for several decades [77, 78], and per-oral 
oxycodone preparations, both IR and CR formulations, have 
recently been approved for paediatric patients ≥ 11 years of 
age [79, 80].

The PK and PD of oxycodone in children are generally 
similar to that in adults [80–84]. Older infants have a slightly 
faster CL per kilogram compared with adults, while neonates 
and younger infants have slower CL and extensive between-
subject variation in PK parameters.

Oxycodone CL increases with age in the first 6 months 
following birth. An in vitro study by Korjamo et al. suggests 
that fewer metabolites of oxycodone are formed in infants 
than in older subjects [84], indicating that metabolism of 
oxycodone is not fully matured in neonates. This was also 
found in a PK study in infants aged < 6 months. Both CL 
and t½ were correlated to age, and excessive interindividual 
variation in the PK of oxycodone was found in the young-
est infants aged ≤ 2 months [85]. In a later study, 79 infants 
with a gestational age of 23–42 weeks and postnatal age of 
0–650 days received intravenous oxycodone 0.1 mg/kg dur-
ing surgery [86]. Preterm neonates had the highest interin-
dividual variation in PK parameters. In extremely preterm 
neonates, CL was lowest, Vd was highest, and thus t½ was 
longer at 6.8–12.5 h. Clear maturation in PK was observed, 
and, in infants aged 6–24 months, CL per kilogram was 
higher than in adults and thus t½ was also relatively short at 
1.7–2.6 h. The metabolite profile in plasma and urine sug-
gests that CYP3A-mediated N-demethylation is also the main 
elimination route in infants as noroxycodone was the major 
metabolite. The data indicated that renal CL is rather constant 
across age groups, but hepatic CL is significantly decreased 
in preterm, compared with full-term, newborns and older 
infants. In that study, similar to adults [5, 49], 12–13% of the 
dose was recovered as oxycodone in urine [86].
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Two earlier studies evaluated the PK of oxycodone in 
children aged 6–93 months [82, 83]. These two studies indi-
cate that in older infants, PK parameters are fairly similar 
to those reported in adults [81]. In these studies, transmu-
cosal administration was also evaluated. Data indicate that 
after buccal and sublingual administration of oxycodone 
0.1 mg/kg, the rate and extent of absorption is appropri-
ate for clinical use. After transmucosal administration, Cmax 
was between 16 and 22 ng/mL, Tmax was 60 min, and bio-
availability was 55% [82, 83]. Most children (24/30) had 
Cmax above the proposed minimum effective concentration 
(MEC) of oxycodone in children (12 ng/mL) and the anal-
gesic plasma concentrations were sustained for 2.5–3 h. In a 
feasibility study, this administration route (oral transmucosal 
dosing) and dose (0.1 mg/kg) were found to be appropriate 
for children aged 5–14 years who presented at the hospital 
with acute abdominal pain [76]. These data indicate that 
oral transmucosal oxycodone is an appropriate dosage form 
for acute pain management in children with no intravenous 
access in place. By administering oxycodone orally, painful 
and frightening skin-penetrating injections can be avoided.

A population PK model combined the data of three pre-
vious studies [83, 85, 87] and indicated that CL matures 
rapidly after birth, and between-subject variability is pro-
nounced in youngest neonates but is decreased in older 
infants and children. A population PK model was developed 
to evaluate optimal dosing regimens in order to keep the 
oxycodone plasma concentration between 10 and 50 ng/mL. 
Based on the modelling, the authors were able to give pre-
liminary dosing recommendations for neonates of different 
age groups [86, 88].

Balyan et al. [89] evaluated the impact of genetic poly-
morphism of CYP2D6 on the PK of oxycodone in 30 chil-
dren aged 2–17 years receiving oxycodone 0.07–0.1 mg/kg 
orally in the early postoperative period. Consistent with ear-
lier data, delayed absorption was observed in some subjects, 
with a Tmax of 12 h indicating that absorption of swallowed 
oxycodone is erratic early after surgery and anaesthesia. All 
Cmax values of oxycodone were below 10 ng/mL, Cmax of 
oxymorphone was below 0.3 ng/mL, and t½ of oxycodone 
was 2.7 h. Patients with a more active CYP2D6 pheno-
type (n = 13 or 16) had higher concentrations of oxymor-
phone in comparison with phenotypes with less activity of 
CYP2D6 (n = 17 or 14). However, oxymorphone Cmax and 
oxymorphone:oxycodone ratios were low, between 0.01 and 
0.05, in all three phenotypes (PMs, IMs and NMs) [89].

9  Oxycodone in the Elderly

In the elderly, pain is more common than among young 
adults. In elderly patients, NSAIDs are often contraindi-
cated and the efficacy of acetaminophen is weak, thus opioid 

analgesics are often appropriate treatment in this population. 
Body composition undergoes changes and organ functions 
decline with advancing age, both of which can substantially 
impact the PK and PD of opioids.

Oxycodone exposure is increased with advancing age, but 
the exposure to metabolites seems to be similarly low across 
age groups [14, 90]. However, one study found a higher 
NOR:OXY ratio in patients 70 years of age or older after 
intravenous administration, but the number of subjects was 
too small to draw any firm conclusions [60] and no such dif-
ference has been shown after oral oxycodone administration.

After intravenous administration, oxycodone CL is 
reduced in the elderly (0.5–0.8 L/min vs. 0.8–1.2 L/min in 
the younger population), Vd is slightly smaller (3.2–3.7 L/
kg vs. 3.7 L/kg), and, correspondingly, t½ is prolonged up 
to 5.0 h compared with 4.0 h and AUC is 38–80% higher 
than in young adults. After administration of intravenous 
oxycodone 5 mg, Cmax was 40–43 ng/mL in elderly patients, 
which is higher compared with young adult patients (29 ng/
mL) [14, 60, 91]. Contradictory data have been presented. 
Villesen et al. [92] administered intravenous oxycodone 
0.05 mg/kg to eight patients older than 70 years of age and 
found similar PK parameters compared with the younger 
population.

After oral administration of an oxycodone 10 mg IR cap-
sule, Tmax was later in older patients (3.1–3.5 h vs. 1.9 h), 
Cmax was slightly higher (16–20 vs. 15 ng/mL), CL was 
reduced to 45–69%, t½ was prolonged (5.2–5.7 vs. 3.7 h) 
and AUC increased 50–80% compared with young adults 
[14, 60, 90]. The bioavailability of three enteral formula-
tions of oxycodone (solution, IR capsule and CR tablet) was 
55–64% in patients > 75 years of age [14], which is similar 
to that reported in the younger population [11, 93].

A recent study shows that oxycodone has a more sig-
nificant ventilatory depressant effect in the elderly than in 
younger subjects. After administration of oral oxycodone 
20 mg coadministered with ethanol, minute ventilation 
(MV), at a baseline of 8 L/min, decreased to 4.1 L/min (95% 
confidence interval) in the elderly, compared with 5.4 L/min 
(95% confidence interval) in young adults. Apnoeic events 
were more common among the elderly subjects after oxyco-
done administration, and this effect was augmented signifi-
cantly in the elderly, but not in younger subjects, at ethanol 
plasma concentrations of 0.5 and 1.0 g/L [94].

In healthy elderly subjects, the PK and PD of oxyco-
done are only nominally affected, but in debilitated elderly 
patients caution is needed in oxycodone dosing. The decline 
of organ functions varies significantly, interindividual 
variation in the PK of oxycodone in the elderly appears to 
be large, and PD responses can be more significant than 
among young adults. These characteristics necessitate care-
ful administration of oxycodone with low starting doses, 
longer dosing intervals and close follow-up of patients. In 
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the elderly aged > 70 years, the starting dose should be 50% 
of the standard dose, and in those aged > 80 years the start-
ing dose should be 30% of the standard dose [14, 60, 90, 92].

10  Oxycodone in Patients Undergoing 
Laparoscopic versus Open Surgery

Because most patients need opioid analgesics after surgery, 
CR oxycodone has been investigated as part of proactive 
analgesia [77]. Jokela et al. [95] coadministered CR oxy-
codone 15 mg and ibuprofen 800 mg orally 1 h prior to 
day-case gynaecological laparoscopic surgery; however, 
oxycodone did not provide better pain relief than placebo. 
All Cmax values for oxycodone were below 15 ng/mL, sig-
nificantly lower than the proposed minimum effective anal-
gesic concentration (MEAC) of 50 ng/mL for pain relief 
after laparoscopic surgery [96]. Furthermore, Tmax was also 
late at a mean of 5 h (range 2–8) [Table 2] [95].

The dosage of oxycodone was rather conservative in the 
study by Jokela et al. [95]. The data indicate that, on aver-
age, the Cmax for adult subjects after administration of a 
CR oxycodone 15 mg tablet was 17 ng/mL [14, 97]. This 
relatively low Cmax could also be explained by posture after 
ingestion, which affects the absorption of swallowed drugs 
[95]. After premedication, patients are often in the supine 
position, which is known to retard absorption [98]. Moreo-
ver, preoperative anxiety, anaesthesia and surgery are known 
to delay gastric emptying, and all these factors may further 
retard absorption of swallowed analgesics during the perio-
perative period [99].

Lenz et al. [100] compared intravenous oxycodone with 
intravenous morphine in patients who underwent lapa-
roscopic hysterectomy. During the first 24 postoperative 
hours, the mean oxycodone consumption was significantly 
less (13 mg) than that of morphine (22 mg). The pain scores 
were also lower and patients were less sedated in the oxy-
codone group [100]. These PD data support the superiority 
of oxycodone in visceral pain management compared with 
morphine [37]. The type of surgery, laparoscopic or vaginal, 
may affect the severity of postoperative pain, but the type of 
anaesthesia, i.e. inhalation or intravenous, seems not to affect 
oxycodone consumption in hysterectomy patients [101, 102].

In breast surgery, the extent of surgery seems to affect 
the need for oxycodone. Cajanus et al. [103] evaluated the 
MEC of oxycodone after breast cancer surgery. In patients 
who did not need axillary evacuation, MEAC was 29 ng/mL, 
and 39 ng/mL with axillary evacuation; however, the extent 
of interindividual variation in the MEAC values was exces-
sive (range between < 0.1 and 311 ng/mL) [103]. CYP2D6 
and CYP3A4/5 polymorphisms and OPRM1 c.118A > G did 
not affect the analgesic concentration of oxycodone or the 
duration of analgesic action [104].

11  Cancer Pain and Cachexic Patients

Opioids are the mainstay of therapy in treating moderate to 
severe cancer pain. Pain is common in cancer patients—in 
the advanced stage of disease the pain prevalence is 75%. 
Moreover, 5–10% of cancer survivors have severe chronic 
pain [105].

Opioids are associated with a high incidence of opioid-
induced bowel dysfunction (OIBD). Evidence indicates that 
in selected patients, a CR oxycodone/naloxone tablet can be 
useful in reducing OIBD; positive effects on OIBD are seen 
after 7 days of use. Moreover, combining naloxone with oxy-
codone seems to have a carry-on effect on OIBD [106, 107].

In long-term treatment, CR formulations provide predict-
able plasma concentrations. As the PK of oxycodone are 
dose-independent, exposure to oxycodone after administra-
tion of a CR tablet is dose-related—after doses of 5, 10, 
20 and 40 mg, Cmax is approximately 5, 10–12, 21–23 and 
39–47 ng/mL, respectively. After multiple doses of 10 and 
40 mg, Cmax is 15 and 57 ng/mL, respectively, and trough 
concentrations are dose-related, i.e. 6–7 and 25 ng/mL after 
10 and 40 mg CR tablets, respectively. Compared with IR 
formulations, the Cmax for CR formulations is significantly 
lower and Tmax is later, but AUC values and trough concen-
trations before the next dose are similar. Combining nalox-
one with oxycodone in the same CR tablet seems to not 
affect the PK of oxycodone [5, 80, 108, 109].

Compared with acute pain management and the treatment 
of non-malignant pain, in opioid-tolerant cancer patients 
oxycodone doses and plasma concentrations can be exces-
sive, but still dose-related, i.e. 350 ng/mL after 200 mg/day 
and up to 500 ng/mL after 400 mg/day [110].

Cancer cachexia influences drug metabolism, including 
reduced CYP450 activity [111]. Cachectic patients experi-
ence a decrease in CYP3A enzymatic activity but no major 
change in CYP2D6 activity. This results in lower plasma 
concentrations of the main metabolite noroxycodone, and 
increased oxycodone and oxymorphone exposure [111–114]. 
Cachexia is also characterised by hypoalbuminemia [115]. 
In the study by Naito et al. [112], there was a correlation 
between the severity of cachexia and the PK of oxycodone; 
the median NOR:OXY ratio at 12 h after oxycodone dos-
ing decreased from 1.33 in patients with C-reactive protein 
(CRP) < 10 mg/L and serum albumin > 35 g/L, to 0.26 in 
patients with CRP > 10 mg/L and albumin < 35 g/L, who 
were later classified as having more severe cachexia. There 
was also a weak inverse correlation between serum albu-
min and the protein-free oxycodone fraction (r = − 0.3). The 
median serum albumin concentration was 35 g/L and the 
median protein-bound oxycodone was 37%, similar to that 
reported in healthy subjects [7, 112, 116].

The effect of the different CYP2D6 phenotypes (PMs, 
IMs, NMs and UMs) on the PK of oxycodone has been 
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evaluated in cancer patients. Similar to the non-cancer popu-
lation [18], NM and UM cancer patients have comparable 
oxycodone concentrations, but oxymorphone concentra-
tions are higher than in PMs. Nevertheless, no difference in 
adverse effects was noted between phenotypes [117].

Heiskanen et al. [110] evaluated whether oral fluid con-
centrations can be used to estimate oxycodone exposure in 
cancer patients. The mean oral fluid:plasma ratio was 14.9 
and there was great interindividual variation in the concen-
trations. The data indicated that oral fluid is not an appropri-
ate media for estimating oxycodone exposure [110].

12  Oxycodone in Neuropathic Pain

Neuropathic pain is caused by damage or dysfunction in 
peripheral nerves or in the CNS. It often becomes chronic 
and can substantially reduce quality of life. Unfortunately, 
neuropathic pain is challenging to treat efficiently. Tradi-
tional analgesics often lack sufficient efficacy, and antide-
pressants and anticonvulsants are often used to treat neuro-
pathic pain [118]. Opioids can be used to treat neuropathic 
pain and are effective in some patients, although there is 
concern regarding intolerable adverse effects in long-term 
use.

Experimental studies indicate that oxycodone allevi-
ates symptoms of neuropathic pain. In a recent study on 
vincristine-induced peripheral neuropathic pain rats, both 
oxycodone and morphine as a single injection attenuated 
allodynia and hyperalgesia, but oxycodone was more potent 
on static mechanical hyperalgesia and dynamic mechani-
cal hyperesthesia. Moreover, oxycodone maintained a sig-
nificant analgesic efficacy after repeated doses, but multiple 
morphine injections led to an attenuation of analgesic effi-
cacy [119]. Supporting data on the superiority of oxyco-
done was observed in a mouse femur bone cancer model. 
In the study by Nakamura et al. [120], some decrease in 

oxycodone-induced G-protein activation in brain in tumour-
implanted mice was noted, but the morphine effect was sig-
nificantly and more severely attenuated. No difference was 
found in µ-opioid receptor activation in the spinal cord, and 
binding into µ-opioid receptors was similar for both com-
pounds. Analgesic potency was also greater for oxycodone. 
After intracerebroventricular administration, oxycodone 
dose-dependently ameliorated pain-related responses, while 
analgesic effects of morphine were less apparent [120].

In humans, oxycodone has been evaluated in postherpetic 
neuralgia and diabetic neuropathy. In a crossover study com-
paring CR oxycodone 45 mg/day and placebo in postherpetic 
neuralgia, oxycodone provided significantly lower pain and 
disability scores, but also led to a greater number of opioid-
related adverse effects [121]. Similar superior pain relief has 
been reported in diabetic neuropathy compared with placebo 
[122] and benztropine [123]. In the study by Watson et al., 
the mean daily dose of CR oxycodone was 40 mg and ben-
ztropine was 1.2 mg during 4–6 weeks of follow-up [123]. 
Combining CR oxycodone with gabapentin in patients who 
were still experiencing moderate or severe diabetic neuropa-
thy pain, reduced pain by 33% from baseline, significantly 
more than combining placebo with gabapentin treatment 
[124]. Nausea, somnolence and constipation have been com-
mon adverse effects in these oxycodone groups [121–124]. 
In an observational, retrospective study on spinal cord injury 
pain, oxycodone combined with an anticonvulsant seemed 
to decrease pain and increase quality of life without severe 
adverse effects [125].

13  Oxycodone in Neuraxial Anaesthesia

Opioids are highly effective in spinal analgesia. Morphine 
and sufentanil are two opioids approved for intraspinal 
use, but fentanyl is also commonly used, although not for-
mally approved, for this administration route. Hydrophilic 

Table 2  Minimum effective concentrations and minimum effective analgesic concentrations of oxycodone

MEC and MEAC were 20–60 ng/mL and 50–90 ng/mL, respectively, after laparoscopic surgery or laparotomy. In one study, MEC was lower 
(5–6 ng/mL), likely related to previous fentanyl infusion
MEC minimum effective concentration, MEAC minimum effective analgesic concentration

Settings Concomitant analgesics MEC (ng/mL) MEAC (ng/mL) Note References

Open heart surgery Fentanyl infusion stopped 10–12 h earlier 5–6 P-fentanyl 1.4 ng/mL [167]
Laparoscopic cholecystectomy – 21–34 47–55 [96]
Laparoscopic cholecystectomy Intravenous acetaminophen 1/2 g 25/24 70/62 [168]
Laparoscopic cholecystectomy Intravenous dexketoprofen 10/50 mg 60/52 98/80 [169]
Laparotomy – 32–63 74–76 [170]
Midline laparotomy Acetaminophen + rectus sheath block 18–27 At 24 h after surgery [171]
Breast cancer surgery Fentanyl 1 µg/kg 22 33 Extensive surgery: 

MEC 31, MEAC 
51

[103]
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morphine provides more long-lasting analgesia than lipo-
philic sufentanil. Oxycodone is another hydrophilic opioid. 
It also has other physiochemical properties similar to mor-
phine, but has received less attention in neuraxial use [77].

In early experimental studies, oxycodone was found to be 
less potent than morphine after intrathecal administration, 
with a potency ratio of 1:14. The onset of analgesia was 
faster, but the duration of analgesia was shorter, with oxy-
codone compared with morphine [36, 126]. These experi-
mental data were supported by clinical studies showing that 
in epidural analgesia, a two- to tenfold higher dose of oxy-
codone is needed to provide similar analgesia as morphine 
[127, 128].

Contrary to early reports, recent data indicate that epi-
dural oxycodone is a highly effective administration route 
for providing analgesia in postoperative pain management. 
A recent study shows that laparotomy patients receiving an 
epidural injection of oxycodone require less rescue analgesia 
and have lower pain scores than those receiving oxycodone 
intravenously [129]. CSF samples from patients receiv-
ing epidural oxycodone show that the AUC of oxycodone 
is > 100-fold higher, and Cmax values 320-fold higher, than 
in CSF samples from patients receiving oxycodone intrave-
nously [41]. Moreover, oxycodone concentrations in CSF 
after epidural oxycodone were 1000- to 10,000-fold higher 
than those of oxymorphone, and only negligible concentra-
tions of noroxymorphone could be detected in CSF. This 
suggests that oxycodone provides the analgesic effect rather 
than the active metabolites [41, 129]. In post caesarean sec-
tion pain, 3 mg of epidural oxycodone or morphine pro-
vided similar pain relief at rest, but dynamic pain control 
was inferior with oxycodone. This indicates that in epidural 
administration, the potency ratio between oxycodone and 
morphine is less than 1:1 [130].

Tissue toxicity is a concern in the intrathecal adminis-
tration of compounds. In human neuroblastoma cells and 
mouse motoneuronal cells, it was shown that the neurotoxic-
ity of oxycodone is similar or less than that with morphine 
[131]; however, further data are needed on the optimal dose 
and safety of epidural use of oxycodone. No human data on 
spinal administration of oxycodone are available.

14  Transmucosal Oxycodone

Mucous membrane drug permeability is based on the rela-
tive thickness and degree of keratinisation, as well as the 
blood supply of mucous membranes. The extent of drug 
delivery is also affected by the physicochemical properties 
of the administered drug. Oral mucosal membrane delivery 
bypasses gastrointestinal and hepatic presystemic elimina-
tion [132].

Oxycodone is a weak base (pKa 8.5) and, at higher pH, 
the majority of oxycodone is unionised (95% at pH 9.0), 
whereas, at a lower pH, more oxycodone was protonated. 
In an experimental study, the effect of pH on the PK of sub-
lingual oxycodone spray was evaluated. Bioavailability was 
higher for a formulation with a pH of 9.0 (70%) than a for-
mulation with a pH of 4.0 (45%) [132].

In an early study on healthy adult subjects, sublingual 
oxycodone was found to have a low bioavailability of < 20% 
[133]. However, this poor absorption has not been confirmed 
in later studies. In adults, nasal oxycodone 0.1 mg/kg was 
readily absorbed, with a median Cmax of 13 ng/mL (range 
9–17), Tmax of 25 min (range 20–240) and bioavailability of 
46% (range 0.3–67) [134].

Transmucosal administration of oxycodone is feasible 
in children who do not undergo intravenous administration 
as any skin-penetrating injections may cause unnecessary 
suffering. In children aged 6–93 months, buccal mucosal 
absorption of oxycodone solution was reliable, with a 
relatively high bioavailability of 55% (22–84) [83]. Oral 
mucosal membranes vary in thickness and keratinisation; 
the sublingual mucosa of the oral cavity is more permeable 
than the buccal mucosa [135]. In children, the PK of sub-
lingual oxycodone 0.2 mg/kg seem to be superior compared 
with buccal administration; Cmax is 38% higher [22 ng/mL 
(range 5.5–42) vs. 16 ng/mL (range 5.4–39)] and AUC 31% 
higher (5500 ng·min/mL vs. 4200 ng·min/mL). An analgesic 
concentration of oxycodone 12 ng/mL was also achieved 
faster (45 vs. 52 min) and was sustained for a longer period 
of time (163 vs. 133 min) after sublingual compared with 
buccal administration. The NOR:OXY ratio was 0.78 in both 
groups [83].

In recreational use, oxycodone CR tablets have been 
crushed and snorted to the nasal mucosa. After tampering 
with CR formulations, the bioavailability of snorted oxyco-
done was high (75–78%) [136]. The new tamper-resistant 
oxycodone CR formulations make recreational use of oxyco-
done via the mucosal route inconvenient and irritating [137, 
138]. In addition, the tamper-resistant formulation results in 
a reduced rate and extent of oxycodone absorption during 
the first hours after administration, with the hope of less 
drug-liking [138].

15  Abuse‑Deterrent Formulations

Although somewhat less than that of heroin and fentanyl 
[139], the abuse and misuse liability of oxycodone is high. 
Potential routes for abuse are ingestion, injection, snort-
ing and smoking. Abuse potential might be increased with 
physical manipulation, e.g. by cutting, breaking, chewing, 
crushing, or dissolving the formulation. To reduce opioid 
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abuse, CR and deterrent oxycodone formulations have been 
developed [140].

Unfortunately, the CR oxycodone formulation is appeal-
ing to drug abusers since it contains a higher amount of 
opioid [137, 141]. The original CR tablets were manipulated 
to achieve IR properties and thus higher drug-liking. With 
regard to opioid abuse and misuse, the most interesting PK 
parameters are Cmax and Tmax. After oral administration of 
40 mg of intact CR oxycodone, Cmax was 47 ng/mL and 
Tmax 4.5 h. These CR properties were lost when the drug 
was crushed; a higher Cmax (80 ng/mL) was reached in 1.7 h 
[97, 142]. This rapid effect was similar with IR oxycodone 
and drug-liking was also similar.

An abuse-deterrent formulation of CR oxycodone has 
been developed. After crushing and after intranasal admin-
istration, 30 mg of the current formulation of oxycontin 
(Pudrue Pharma, Stamford, CY, USA) had a lower Cmax 
(29 ng/mL vs. 60 ng/mL) and later Tmax (2.6 h vs. 1.1 h) 
compared with the crushed original CR formulation. Drug-
liking was also less with the abuse-deterrent formulation 
[137, 138].

One approach to prevent abuse is to combine an antago-
nist with oxycodone in the same formulation. The Troxyca 
ER capsule (Pfizer Inc, New York, NY, USA) contains pel-
lets, whereas oxycodone is surrounded by sequestered nal-
trexone at a ratio of 100:12. When taken as directed, the 
naltrexone remains sequestered and patients receive oxyco-
done in an ER manner. When the pellets are crushed, the 
sequestered naltrexone is released to counteract the effects 
of oxycodone [143, 144]. However, crushed Troxyca ER 
60/7.2 mg has similar PK as crushed IR oxycodone 60 mg, 
with a Cmax of 112 vs. 87 ng/mL, Tmax of 0.6 vs. 1 h, and 
t½ of 4.4 vs. 4.2 h after oral administration. In comparison, 
intact Troxyca ER 60/7.2 mg has a Cmax of 29 ng/mL, Tmax 
of 12 h, and t½ of 9.3 h [142]. After snorting, the crushed 
Troxyca ER 30/3.6 mg formulation has a lower Cmax than 
crushed IR oxycodone 30 mg (56 ng/mL vs. 80 ng/mL) 
and later Tmax (1.6 vs. 0.5 h), but similar t½ (4.1 vs. 4.2 h). 
Despite the similar PK, the crushed Troxyca ER formulation 
has lower ‘drug-liking and high’ scores after both oral and 
nasal routes than similar doses of the crushed IR oxycodone 
formulation [143, 144].

Coadministration of ethanol with abuse-deterrent ER 
oxycodone formulations may increase oxycodone exposure. 
When an oxycodone-naloxone capsule was administered 
with 20% ethanol 240 mL, the PK parameters were similar 
to administration with water, but when coadministered with 
40% ethanol 240 mL, Cmax was higher (15 ng/mL vs. 11 ng/
mL), Tmax was shorter (8 vs. 12 h) and AUC was modestly 
higher (221 vs. 191 ng·h/mL) [145].

CR oxycodone combined with naloxone (2:1) is one of 
the most widely used tablet formulations of oxycodone. PK 
parameters are similar after intravenous administration of 

oxycodone alone or combined with naloxone, but drug-
liking is significantly less and is similar to placebo when 
oxycodone is coadministered with naloxone [146].

Another deterrent method is to use a physical or chemi-
cal barrier that provides resistance to mechanical alteration. 
Xtampza ER (Collegium Pharmaceutical, Inc., Canton, MA, 
USA) is a microsphere-in-capsule formulation, designed to 
retain its CR properties following tampering [142]. Crushing 
does not significantly change the PK parameters of Xtampza 
ER; after 40 mg orally, Cmax was 65 ng/mL for the intact 
Xtampza ER capsule, and 60 ng/mL for the crushed capsule, 
while Tmax was 4 h and 4 h, respectively. For the crushed 
IR oxycodone tablets, these values were 79 ng/mL and 2 h, 
respectively. After intranasal administration of crushed 
Xtampza ER 40 mg, Cmax was 30 ng/mL and Tmax was 5 h, 
both significantly different than after crushed IR oxycodone 
(Cmax 61 ng/mL and Tmax 2.6 h, respectively) [142, 147]. 
Drug-liking after crushed Xtampza ER is correspondingly 
low [148].

One abuse-deterrent IR oxycodone product has also been 
approved. RoxyBond (Inspirion Delivery Sciences, Valley 
Cottage, NY, USA) contains layered inactive ingredients 
to make it resistant to physical manipulation, but does not 
prevent absorption. If the formulation is dissolved, it forms 
a viscous material that resists passage through a needle. 
The physicochemical properties make the compound more 
difficult to prepare solutions suitable for intravenous injec-
tion. The absorption of an intact RoxyBond 30 mg tablet is 
slower compared with a traditional IR tablet; Cmax 58 vs. 
68 ng/mL, Tmax 1.0 vs. 1.8 h, and AUC 287 vs. 305 ng·h/
mL. Moreover, after intranasal administration of a crushed 
RoxyBond 30 mg tablet, Cmax was lower (43 ng/mL) and 
Tmax was longer (2.3 h). Drug-liking was also lower for intra-
nasal crushed RoxyBond [149].

16  Drug Interactions

Oxycodone undergoes extensive hepatic conjugation and 
oxidative degradation to metabolites that are excreted mainly 
in urine as conjugated and unconjugated metabolites; the 
amount of free and conjugated oxycodone in urine is 9–11% 
[16]. Oxycodone is metabolised via CYP3A-mediated 
N-demethylation to noroxycodone, noroxymorphone, and 
α- and β-noroxycodol, and via CYP2D6-mediated O-dem-
ethylation to oxymorphone and α- and β-oxymorphol [9]. 
CYP3A-mediated N-demethylation to noroxycodone is 
the primary metabolic pathway, accounting for 45% of the 
dose, whereas CYP2D6-mediated O-demethylation to oxy-
morphone and noroxymorphone accounts for 19% of the 
dose. Less than 10% of oxycodone is reduced to α- and 
β-oxycodol by 6-ketoreduction. The enzymes responsi-
ble for the ketoreduction and glucuronidation pathways in 
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oxycodone metabolism have not been established [5]. Due to 
CYP-based metabolism, oxycodone is prone to drug interac-
tions that must be taken into account in patients currently 
taking or discontinuing CYP3A inducers or inhibitors and 
CYP2D6 inhibitors during oxycodone use (Fig. 2).

Since the CYP3A4 isoenzyme plays a major role in the 
metabolism of oxycodone, drugs that alter CYP3A4 activity 
may cause significant changes in the CL of oxycodone that 
could lead to profound and clinically important changes in 
oxycodone plasma concentrations.

Concomitant use of CYP3A inhibitors, such as clarithro-
mycin [150] and telithromycin [151], itraconazole [152], 
ketoconazole [18, 153], miconazole [154], and voricona-
zole [155], and ritonavir [156], decrease oxycodone CL, 
increase both Cmax and AUC values, and induce signifi-
cant PD effects. On the contrary, CYP3A inducers, such as 
rifampin [12] and St John’s wort [157], increase oxycodone 
metabolism and therefore increase CL. As a result, oxyco-
done plasma concentrations are lower and PD responses are 
attenuated.

Coadministration of CYP2D6 inhibitors such as quinidine 
[18, 158] and paroxetine [153, 158–161] affects oxycodone 
metabolism less than CYP3A inducers and inhibitors. How-
ever, concomitant use of CYP2D6 inhibitors with CYP3A4 
inhibitors may cause more pronounced effects of oxycodone 
than a single compound (Table 3) [18, 154, 156, 159, 160].

These drug–drug interactions seem to similarly affect 
young and old adults [150, 152]. The interaction potential 
seems to be more significant when oxycodone is adminis-
tered orally, indicating some first-pass metabolism in the 
intestine [11, 12, 160].

If coadministration is necessary, caution is advised when 
initiating oxycodone treatment in patients currently taking, 
starting or discontinuing CYP3A4 inhibitors or inducers. 
These patients should be evaluated more frequently, and 
dose adjustments should be considered until stable drug 
effects are achieved. Coadministering CYP2D6 inhibitors 
can decrease oxycodone CL, but, in general, have less sig-
nificant effects on the PK of oxycodone.

Amitriptyline and tramadol do not affect the PK of oxy-
codone, thus oxycodone can be safely used in patients taking 
amitriptyline [11, 162].

17  Coadministration of Oxycodone 
with Ethanol

Ethanol is frequently coabused with opioids and detected at 
postmortem samples in opioid-related deaths [94, 163, 164]. 
Both ethanol and opioids cause respiratory depression and 
oversedation, potentially lethal adverse effects, and syner-
gism can be supra-additive. Expanding the use of oxycodone 

has led to a higher count of unintentional overdose deaths 
[164]; simultaneous use of alcohol may further add to this 
risk [165].

In healthy opioid-naive volunteers, an oral oxycodone 20 
mg IR tablet and ethanol administered intravenously, to a 
breath ethanol concentration of 0.5 or 1.0 g/L, caused more 
profound respiratory depression compared with adminis-
tration of ethanol or oxycodone alone. After oxycodone, 
MV decreased from a baseline of 8.0 L/min to 5.8 L/min, 
and oxygen saturation  (SpO2) decreased from 98–99% to 
92–94%. When coadministered with ethanol, the extent 
of changes was more apparent: MV decreased to 5.1 and 
4.7 L/min, and  SpO2 decreased to 87–92% and 86–93% in 
the lower and higher ethanol groups, respectively. Similar 
changes were also observed in the respiratory rate. After 
oxycodone, the mean respiratory rate decreased to 11/min; 
after oxycodone + ethanol 0.5 g/L, the mean respiratory rate 
decreased to 10/min; and after oxycodone + ethanol 1.0 g/L, 
the mean respiratory rate decreased to 9/min. In this study, 
coadministration of ethanol and oxycodone did not induce 
more sedation than oxycodone alone. Elderly subjects 
(66–77 years of age) were more prone to respiratory depres-
sion than younger subjects (21–28 years of age). Apnoea 
episodes were also more common in the elderly [94].

Ethanol in combination with an ER opioid formulation 
can result in accelerated release of oxycodone. It is not only 
the ethanol exposure that seems to be important, but also the 
concentration. When an oxycodone-naloxone capsule was 
administered with 40% ethanol, Cmax was higher (15 ng/mL 
vs. 11 ng/mL) and Tmax was shorter (8 vs. 12 h) compared 
with co-ingestion with water or 20% ethanol [145].

Recent experimental data suggest that ethanol may 
reverse oxycodone tolerance. A single injection of ethanol 
1.0 g/kg administered intraperitoneally to mice reversed 
oxycodone-induced antinociceptive tolerance [40]. In 
another mice study, coadministration of intraperito-
neal ethanol 0.3 g/kg, a dose that did not cause respira-
tory depression alone, with a challenge dose of morphine 
10 mg/kg, caused greater respiratory depression in opioid-
tolerant mice than morphine alone [28]. Interestingly, 
these results indicate that tolerance to nociception and res-
piratory depression in regular oxycodone users is reversed 
with a low dose of ethanol, highlighting the potential risk 
of concomitant use of these substances. The mechanism 
underneath remains unclear. Ethanol did not affect the 
brain concentrations of oxycodone [40]. In the study by Hill 
et al. [28], inhibition of protein kinase C with calphostin 
C reversed tolerance to respiratory depression; however, a 
combination of calphostin C and ethanol did not decrease 
tolerance more than either of the compounds alone, sug-
gesting that ethanol might be influential via inhibition of 
protein kinase C [28].
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Table 3  Effects of CYP2D6 and CYP3A4 inhibitors and inductors on oxycodone pharmacokinetics and pharmacodynamics

Concomitant compound Contributing enzyme Effect on the pharmacokinetics and phar-
macodynamics of oxycodone

References

Telithromycin 800 mg for 4 days CYP3A4 inhibitor Oxycodone: AUC ↑ 78%; noroxycodone: 
AUC ↓ 47%. Drug effect ↑, performance 
↓, pupil ↓

[151]

Voriconazole 400–600 mg for 4 days CYP3A4 inhibitor Oxycodone: AUC ↑ 261%, Cmax ↑ 72%; 
oxymorphone: AUC ↑ 627%, Cmax ↑ 
108%; noroxycodone: AUC ↓ 170%, 
Cmax ↓ 100–170%: noroxymorphone: 
AUC ↓ 53%, Cmax ↓ 89%. Drug effect ↑, 
pupil ↓, pain thresholds ↑, pain ↓

[155]

Ketoconazole 400 mg 2 h before/200 mg 
48, 24 and 2 h before

CYP3A4 inhibitor Oxycodone: AUC ↑ 83–145%, Cmax ↔/↑ 
77%; oxymorphone AUC ↑ 246%, Cmax 
↑ 14–43%; noroxycodone AUC ↓ 14%, 
Cmax ↑ −45–127%; noroxymorphone: 
AUC ↓ 43%, Cmax ↓ 85%. Drug effect 
↔, psychomotor performance ↓, pain ↓, 
pupil ↓

[18, 153]

Clarithromycin 500 mg for 5 days CYP3A4 inhibitor Oxycodone: AUC ↑ 102–131%, Cmax 
↑ 45–68%; oxymorphone: AUC ↑ 
208–264%, Cmax ↑ 32–72%; noroxyco-
done: AUC ↓ 46–47%, Cmax ↓ 59–67%; 
noroxymorphone: AUC ↓ 40–62%, Cmax 
↓ 57–71%. Drug effect ↔, pupil ↔, 
pain ↔

[150]

Rifampin 600 mg for 7 days CYP3A4 inducer Oxycodone: AUC ↓ 53–86%, Cmax ↓ 63%; 
oxymorphone: AUC ↓ 90–95%, Cmax 
↓ 62%; noroxycodone: AUC ↔, Cmax 
↑ 87%; noroxymorphone: AUC ↑ 23%, 
Cmax ↑ 121%. Drug effect ↔, pupil ↔

[12]

Quinidine 300 mg 6 h before and 100 mg 
3 h after/100 mg 2 h before

CYP2D6 inhibitor Oxycodone: AUC ↑ 13–46%, Cmax ↔; 
oxymorphone: AUC ↓ 10%, Cmax ↓ 42%; 
noroxycodone AUC ↑ 72%, Cmax ↑ 20%; 
noroxymorphone: AUC ↓ 81%, Cmax 
↓ 79%. Drug effect ↔/↓, psychomotor 
performance ↔/↓, pain ↔, pupil ↔

[18, 158]

Paroxetine 20 mg for 5–7 days/20 mg 48, 
24 and 2 h before

CYP2D6 inhibitor Oxycodone: AUC ↑ 11–12%/↔, Cmax ↔; 
oxymorphone: AUC ↓ 44–66%, Cmax ↓ 
33–47%; noroxycodone: AUC ↑ 68–70%, 
Cmax ↑ 30–37%/↔; noroxymorphone: 
AUC ↓ 74–95%, Cmax ↓ 75–80%. Drug 
effect ↔/↑, pupil ↑, pain ↔/↑

[153, 158–161]

Paroxetine 20 mg and itraconazole 200 mg 
for 5 days

CYP2D6 and CYP3A4 inhibitor Oxycodone: AUC ↑ 97–188%, Cmax 
↑ 77%; oxymorphone: AUC ↔ − 
38%/+ 22%, Cmax ↓ 15–32%; noroxyco-
done: AUC ↓ 12–15%, Cmax ↓ 46–61%; 
noroxymorphone: AUC ↓↓↓, Cmax ↓↓↓. 
Drug effect ↔/↑, pupil ↑, pain ↔

[159, 160]

Quinidine 100 mg and ketoconazole 
400 mg 2 h before

CYP2D6 and CYP3A4 inhibitor Oxycodone: AUC ↑ 209%, Cmax ↑ 58%; 
oxymorphone: AUC ↑ 59%, Cmax ↑ 43%; 
noroxycodone: AUC ↑ 178%, Cmax ↑ 
260%; noroxymorphone: AUC ↓↓↓, Cmax 
↓↓. Drug effect ↑, psychomotor perfor-
mance ↓, pain ↓, pupil ↓

[18]

Miconazole oral gel 255 mg for 4 days CYP2D6 and CYP3A4 inhibitor Oxycodone AUC ↑ 63%, Cmax ↑ 31%; 
oxymorphone AUC ↓ 83%, Cmax ↓ 64%; 
noroxycodone: AUC ↑ 30%, Cmax ↓ 20%; 
noroxymorphone: AUC ↓ 76%, Cmax ↓ 
73%. Drug effect ↑, pupil ↔

[154]
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18  Discussion

Since its introduction into clinical use in 1917, the increase 
of oxycodone consumption was rather slow for many dec-
ades. When the CR oxycodone formulation was approved 
in the mid-1990s, oxycodone use has increased sharply, 
and 10 years ago oxycodone consumption surpassed that 
of morphine; in 2015, global use of oxycodone was two-
fold that of morphine [1]. Oxycodone has a twofold higher 
bioavailability after oral administration than morphine, is 
likely more potent for visceral pain, has superior CNS PK, 
and may cause less adverse effects. These are some of the 
reasons why oxycodone, particularly oral formulations, has 
become popular [15].

One of the important messages from this review is that 
oxycodone is prone to interactions with CYP3A4 inducers 
and inhibitors. During the last decade, several studies have 
described significant interactions that must be taken into 
account in clinical pharmacotherapy. The use of CYP3A 
inhibitors with oxycodone, such as certain macrolide antibi-
otics [150, 151], antifungals [18, 151–155], and the antiviral 
ritonavir [156], increase oxycodone exposure substantially 
and induce more significant opioid effects. On the contrary, 
CYP3A inducers, such as rifampin [12] and St John’s wort 

[157], increase oxycodone metabolism. As a result, oxy-
codone plasma concentrations are low and PD responses 
are attenuated [18]. CYP2D6 inhibitors [18, 153, 158–161] 
affect oxycodone metabolism less than CYP3A inducers and 
inhibitors, but concomitant use of CYP2D6 inhibitors with 
CYP3A4 inhibitors may cause more pronounced effects of 
oxycodone than a single compound [18, 153, 155, 159, 160].

The main effect site of opioids for their analgesic action 
is the CNS, in the brain and spinal cord. Thus, CNS PK 
are an important parameter when comparing different opi-
oid analgesics. Experimental data on oxycodone indicate 
that oxycodone is actively transported through the BBB 
[9]. This is a likely justification for high oxycodone anal-
gesic action, despite relatively low µ-receptor binding and 
activity [9, 29–31]. Recent data have also implied, contrary 
to earlier studies, that epidural oxycodone could be highly 
effective and feasible for epidural administration. After epi-
dural administration, oxycodone is rapidly detected in CSF 
and analgesic efficacy is superior compared with intrave-
nous oxycodone [41, 42, 129]. Cell models suggest that the 
neurotoxicity of oxycodone is similar or less than that of 
morphine, but further studies are warranted [131].

New data in vulnerable patient groups have emerged. 
Oxycodone crosses freely through the placenta and is 

Table 3  (continued)

Concomitant compound Contributing enzyme Effect on the pharmacokinetics and phar-
macodynamics of oxycodone

References

Lopinavir/ritonavir 400 mg/100 mg for 
4 days

CYP3A, CYP2D6, and P-gp inhibitor Oxycodone AUC ↑ 157%,  Cmax ↑ 38%; 
oxymorphone AUC ↑ 169%; noroxyco-
done: AUC ↓ 64%; noroxymorphone: 
AUC ↓ 76%. Drug effect ↑

[156]

Ritonavir 600 mg for 4 days CYP3A, CYP2D6 and P-gp inhibitor Oxycodone: AUC ↑ 195%, Cmax ↑ 74%; 
oxymorphone: AUC ↓ 28%; noroxyco-
done: AUC ↓ 51%; noroxymorphone: 
AUC ↓ 81%. Drug effect ↑

[156]

Grapefruit juice 600 ml for 5 days CYP3A and P-gp (?) inhibitor Oxycodone: AUC ↑ 62%, Cmax ↑ 42%; 
oxymorphone: AUC ↑ 44%, Cmax ↑ 22%; 
noroxycodone: AUC ↔,  Cmax ↓ 24%; 
noroxymorphone: AUC ↓ 43%, Cmax ↓ 
27%. Drug effect ↑, pain ↔

[172]

Itraconazole 200 mg for 5 days CYP3A and P-gp (?) inhibitor Oxycodone: AUC ↑ 51–144%, Cmax ↑ 
45%; oxymorphone: AUC ↑ 159–359%, 
Cmax ↑ 11–48%; noroxycodone: AUC 
↓ 49%, Cmax ↓ 71%; noroxymorphone: 
AUC ↓ 71–84%, Cmax ↓ 73–85%. Drug 
effect ↑, pain ↔

[152]

St John’s wort 900 mg for 15 days CYP3A4 inducer Oxycodone: AUC ↓ 50%, Cmax ↓ 28%; 
oxymorphone: AUC ↓ 52%, Cmax ↓ 22%; 
noroxycodone: AUC ↑ 13%, Cmax ↑ 51%; 
noroxymorphone: AUC ↑ 22%, Cmax ↑ 
73%. Drug effect ↓, pain threshold ↓

[157]

AUC  area under the concentration curve, Cmax maximum plasma concentration, CYP cytochrome P450, P-gp P-glycoprotein, ↑ indicates 
increased, ↔ indicates no significant change, ↓ indicates decreased, ↓↓ indicates much decreased, ↓↓↓ indicates very much decreased, (?) indi-
cates assumed
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excreted into the mother’s milk; however, lower doses of 
oxycodone may be used for labour pain and during the first 
days after delivery [68, 70]. Moreover, newborns should be 
monitored for any signs or symptoms of drowsiness, leth-
argy, or other signs of CNS depression, and any prolonged 
use of oxycodone beyond the first 3 days after delivery 
should only be under close supervision of the mother and 
child. If oxycodone causes maternal drowsiness, it is a warn-
ing sign that the newborn is also affected [72]; therefore, 
the dose of oxycodone and the duration of therapy during 
breastfeeding should be limited.

Pain in the elderly is common and non-opioid analgesics 
are often insufficient and, in many patients, contraindicated. 
In the elderly, oxycodone CL is reduced and the AUC of 
oxycodone is larger than in young adults. These changes are 
more pronounced in frail elderly patients and dose reduc-
tions to 50%, from standard doses, as well as dosing interval 
prolongation, are needed [14, 60, 90, 92].

Children, including preterm neonates and infants, need 
effective analgesia and evaluated medicine [78]. The PK of 
oxycodone are not fully matured in neonates. In preterm 
neonates, hepatic CL was low, Vd was relatively high, and 
thus t½ was longer in extremely preterm neonates (up to 
12.5 h) and with high between-subject variation [85, 87]. 
Oxycodone CL matures during the first 6 months following 
birth, and, in older infants, the PK of oxycodone are fairly 
similar to adults. Population PK models enabled dosing 
recommendations to be determined for preterm neonates to 
older children [81, 86].

Misuse and addiction are concerns related to oxycodone, 
as with any other opioid analgesic. New abuse-deterrent 
oxycodone formulations have been developed, and these 
formulations may delay oxycodone release from the tablet, 
providing steady concentrations and avoiding peaks and 
troughs [140]. In chronic opioid use, these tamper-resistant 
formulations should be preferred in order to achieve steady 
analgesia and avoid leakage of opioids resulting in misuse 
and disuse.

19  Conclusions

Oxycodone has high analgesic efficacy in severe acute or 
long-term pain conditions. With careful dose selection and 
close patient follow-up, oxycodone is well-tolerated in dif-
ferent patient groups. Analgesia is based on the parent drug, 
and as concentrations of active metabolites are very low, 
they are less likely to contribute. As oxycodone is mainly 
metabolised in the liver, the effect of interactions must be 
known. Preliminary data indicate that oxycodone could also 
be feasible for intrathecal use and transmucosal sublingual 
administration is feasible in acute pain management.
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