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Abstract
Aim Oxycodone is known to have numerous drug-drug interactions (DDIs) that can potentially decrease efficacy or lead to 
adverse drug reactions (ADRs). However, there is limited research on the frequency of DDIs associated with oxycodone, 
which is important in optimising pharmacovigilance and the need for additional research on certain DDIs. In this study, the 
frequency of pharmacologically and clinically relevant DDI perpetrators was studied in patients with cancer.
Methods This was a cross-sectional study using hospital pharmacy records of patients with cancer who were prescribed 
oxycodone between September 2021 and September 2022. Medication records of patients prescribed oxycodone during a 
period of ≥ 5 consecutive days (= oxycodone treatment episodes) were reviewed to identify the concomitant use of pharmaco-
logically relevant perpetrators, based on reference sources (Lexicomp®, Micromedex®, the Dutch Kennisbank and the Dutch 
Commentaren Medicatiebewaking). The clinical relevance was examined by a clinical pharmacologist and a medical oncolo-
gist. Additionally, the frequency of double interactions—concomitant oxycodone use with two CYP3A4 and / or CYP2D6  
perpetrators—was studied.
Results Overall, 254 oxycodone treatment episodes were included, of which 227 (89.4%) were found to contain at least 
one pharmacologically relevant DDI perpetrator. Of these, 210 (82.7%) were considered to be clinically relevant. A total of 
80 different pharmacologically relevant perpetrators were identified, with 65 (81.3%) being considered clinically relevant. 
Double interactions were observed in 21 (8.3%) oxycodone treatment episodes.
Conclusion A high frequency of pharmacologically and clinically relevant perpetrators of oxycodone was observed in our 
cohort. Moreover, a high number of double interactions involving oxycodone was registered. More intense monitoring of 
DDIs may be needed to improve medication safety of patients with cancer taking oxycodone.
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Introduction

Pain is a common symptom among patients with cancer. 
The World Health Organization (WHO) reports that 66% of 
patients with advanced metastatic or terminal cancer expe-
rience pain [1]. Adequate pain management is crucial in 
order to maintain a good quality of life [2, 3]. The WHO has 
established guidelines for adequate relief of cancer-related 
pain, including the use of opioids to treat moderate-to-severe 
cancer-related and neuropathic pain [1, 4]. Oxycodone, the 
second most-consumed opioid worldwide, is also commonly 
prescribed in the Netherlands [5, 6].

Oxycodone is a semisynthetic µ-receptor agonist that is 
primarily metabolised by CYP3A4 into noroxycodone and 
by CYP2D6 into oxymorphone [7, 8]. Due to its metabo-
lism via cytochrome P450 (CYP) enzymes, oxycodone is 
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susceptible to pharmacokinetic drug interactions [9]. For 
example, CYP3A4 inhibition increases the plasma concen-
tration of oxycodone significantly, while CYP3A4 induc-
ers decrease the exposure, potentially affecting its clinical 
efficacy [9–12]. Although the role of CYP3A4 in drug-
drug interactions (DDIs) is well-established, the impact of 
CYP2D6-mediated drug interactions on oxycodone effi-
cacy remains controversial [13]. Inhibition of CYP2D6 
alone does not significantly increase systemic oxycodone 
concentrations. However, concomitant use of a CYP2D6 
inhibitor (such as paroxetine) and a CYP3A4 inhibitor (such 
as itraconazole) greatly increases oxycodone exposure [10, 
12–14]. This phenomenon, where oxycodone is concomi-
tantly used with two CYP–enzyme-modifying perpetrators, 
either two CYP3A4 inducers or inhibitors, two CYP2D6 
inhibitors, or a combination of CYP2D6 and CYP3A4 inhib-
itors, is defined as a double interaction.

Oxycodone is also susceptible to DDIs with many central 
nervous system (CNS) depressants. The synergistic effect of 
oxycodone with these drugs increases the risk of respiratory 
depression and oversedation [15–17]. Despite the frequent 
use of oxycodone and the potential for severe adverse drug 
reactions (ADRs) associated with DDIs involving oxyco-
done, there is a lack of research on the frequency of such 
interactions in patients with cancer.

In order to give insight in the clinical occurrence of DDIs 
with oxycodone and create awareness of the possible risks of 
DDIs with this widely used analgesic agent, the frequency of 
prescribing pharmacologically and clinically relevant perpe-
trators of oxycodone was determined in patients with can-
cer taking oxycodone. Additionally, the frequency of double 
interactions involving oxycodone was determined.

Methods

A retrospective cross-sectional study of pharmacy records 
was conducted in one teaching hospital in the Netherlands. 
The study population consisted of patients with cancer 
admitted to the hospital between 1 September 2021 and 
1 September 2022, identified by oncological and haema-
tological Diagnosis Treatment Combinations (DTCs). 
Eligibility criteria included the presence of an oxycodone 
treatment episode, defined as an oxycodone prescription 
for a period of ≥ 5 consecutive days. Patients could have 
multiple oxycodone treatment episodes if they had multiple 
distinct episodes of oxycodone prescriptions of ≥ 5 con-
secutive days in the study period. This study was approved 
by the Medical Research Ethics Committee of Isala Clinics 
Zwolle, the Netherlands.

All, co-medications used during the oxycodone treatment 
episodes were extracted from patients’ pharmacy records. 
Pharmacy records from both hospital and public sector were 

reviewed for each patient. Drugs were included if they were 
prescribed for ≥ 2 consecutive days for regular or on demand 
use. Drugs which were only used incidentally were excluded, 
as for these drugs, the potential for clinically relevant inter-
actions is low. In the case of a fixed-dose combination, each 
active pharmaceutical ingredient (API) was counted sepa-
rately. Locally acting drugs were excluded due to their lack 
of interaction potential with oxycodone. Perioperative drugs 
were also excluded, since patients undergoing surgery are 
continuously monitored by healthcare professionals, render-
ing potential DDIs with oxycodone largely irrelevant. Data 
from the combined oxycodone treatment episodes has been 
analysed.

Data on patient demographics, including age, sex, body 
weight, height, and body mass index (BMI) were retrieved 
from pharmacy records. Additionally, information on oxyco-
done treatment episode characteristics, including treatment 
duration, maximum daily dose and the type and number of 
concomitantly used drugs, were collected. The maximum 
daily dose of oxycodone was the highest cumulative daily 
dose identified in a treatment episode. This was determined 
by adding up all individual doses of oxycodone prescribed 
daily. All data were extracted manually from the pharmacy 
records and entered into a database. This process was veri-
fied by a second investigator for accuracy.

Perpetrators of oxycodone and drugs that affect CYP3A4 
and CYP2D6 enzymes were identified by consulting the fol-
lowing standard reference sources: two international drug 
interaction databases (Lexicomp® and Micromedex®) and 
two Dutch drug databases, i.e. the Kennisbank (managed 
by the Royal Dutch Society for Advancement of Pharmacy) 
and Commentaren Medicatiebewaking (managed by Health 
Base Foundation). The first two databases were selected due 
to their comprehensive scope, completeness, and ease of use 
[18]. The last two are commonly used in Dutch pharma-
cies, and their information is integrated in all national com-
puterised medication surveillance systems, which generate 
alerts for drug interactions during the prescribing process. 
All drugs listed in these databases were considered phar-
macologically relevant perpetrators of oxycodone, except 
for those with a ‘minor’ risk rating. Subsequently, the clini-
cal relevance of the observed pharmacologically relevant 
perpetrators of oxycodone was assessed by the opinion 
of two experts—a clinical pharmacologist and a medical 
oncologist—as the drug interaction databases identify and 
rate interactions based on pharmacological mechanisms. For 
this purpose, a systemic and transparent risk analysis was 
used [19].

The number of perpetrators was registered for each 
individual oxycodone treatment episode. Additionally, the 
number of patients exposed to potential DDIs involving 
oxycodone was recorded. Single-dose drugs were counted 
separately from drugs intended for long-term use (Table S2). 
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Lastly, double interactions were observed. The clinical rel-
evance of double interactions was not assessed.

The data were processed using Rstudio version 
2022.12.0 + 353. Patient and oxycodone treatment epi-
sode characteristics and the frequency of all outcomes 
were determined using descriptive statistics. Patient  
characteristics were tested for normality with the Shapiro– 
Wilk test (p < 0.05).

Results

Between September 2021 and September 2022, 225 patients 
with cancer to whom oxycodone was prescribed for ≥ 5 con-
secutive days were identified. This resulted in 254 differ-
ent treatment episodes, as illustrated in Fig. 1. The baseline 
characteristics of patients and oxycodone treatment episodes 
are presented in Table 1.

In the 254 oxycodone treatment episodes analysed, a 
total of 4030 drugs were used as co-medication during 
all of these episodes combined, consisting of 457 unique 
drugs. No co-medication was observed in one (0.4%) of the 
254 oxycodone treatment episodes. The median number of 
co-medications per treatment episode was 13 (Figure S1). 
Of the 4030 drugs prescribed, 830 pharmacologically 

relevant perpetrators were identified, with 582 (70.1%) 
of these perpetrators also being considered clinically rel-
evant. In 227 of the 254 oxycodone treatment episodes 
(89.4%), at least one pharmacologically relevant perpetra-
tor was found, of which 210 treatment episodes contained 
a clinically relevant perpetrator (92.5%). The median 
number of pharmacologically relevant perpetrators was 
3 (Figure S2). The median number of clinically relevant 
perpetrators was 2 (Figure S3).

Among the 80 identified perpetrators, the most common 
therapeutic drug classes based on anatomical therapeutic 
chemical (ATC) code were analgesics (such as morphine, 
fentanyl and piritramide; 14%), psycholeptics (such as oxaz-
epam, temazepam, and diazepam; 12%), antidepressants 
(such as amitriptyline, nortriptyline, and citalopram; 9%), 
and antihistamines (such as clemastine, levocetirizine and 
cetirizine; 8%) (Table 2). The frequency of each individual 
perpetrator is presented in the supplementary information.

Of the 457 different co-medications, 80 (17.8%) are DDI 
perpetrators of oxycodone according to the four consulted 
drug interaction databases. Of these 80 perpetrators, 65 
(81.3%) were considered clinically relevant. Granisetron 
was the most prevalent clinically relevant perpetrator with a 
frequency of 23.6%. Table 3 presents the 15 most frequently 
observed clinically relevant perpetrators of oxycodone.

Fig. 1  Flowchart of the in- and exclusion process. A single patient can account for multiple distinct oxycodone treatment episodes. DTC, diagno-
sis treatment combination
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In 21 out of 254 oxycodone treatment episodes (8.3%), 23 
double interactions were observed (Table 4). Of these, nine 
were double interactions with CYP inhibitors, and 14 were 
double interactions with CYP3A4 inducers. Six out of nine 
double interactions with inhibitors consisted of a combina-
tion of CYP2D6 and CYP3A4 inhibitors, two involved con-
comitant use of two CYP3A4 inhibitors, and one involved 
two CYP2D6 inhibitors. With regard to double interactions 
with inducers, 11 out of 14 concerned the combination of 
dexamethasone and prednisolone.

Discussion

This study is the first to describe the frequency of DDI per-
petrators of oxycodone in patients with cancer. Additionally, 
the frequency of double interactions involving two CYP3A4 
and/or CYP2D6 inducing or inhibiting drugs was assessed. 
In 89.4% of the oxycodone treatment episodes, at least one 
pharmacologically relevant perpetrator was found. Of these, 
92.5% concerned a clinically relevant perpetrator. Of the 80 
different perpetrators that were observed, 65 (81.3%) were 
considered both pharmacologically and clinically relevant. 
Granisetron and dexamethasone were the most frequently 
observed clinically relevant perpetrators (23.6% and 22.8%, 
respectively).

In our cohort, perpetrators from the ATC classes ‘anal-
gesics’ and ‘psycholeptics’ were most frequently observed. 
Majority of clinically relevant perpetrators involved pharma-
cokinetic interactions. Some perpetrators were considered 
pharmacologically relevant, but not clinically relevant. The 
combination of oxycodone with other analgesics is inten-
tional and generally closely monitored and is therefore not 
considered clinically relevant. However, nortriptyline and 

amitriptyline are considered clinically relevant perpetrators, 
since they are more commonly prescribed for depression 
in patients with cancer [20]. In addition, metoclopramide 
and domperidone are also not considered clinically relevant 
perpetrators, since the combination of oxycodone with 
these drugs is standard care for oxycodone-induced nausea, 
which affects up to 40% of this population [20]. A potential 
decrease in the effectiveness of metoclopramide and dom-
peridone is managed by dosing according to clinical effect. 
Other antiemetics indicated for high-emetogenic chemother-
apy, i.e. 5HT3-antagonists and neurokinin antagonists, are 
considered clinically relevant perpetrators, since these drugs 
are not used to treat oxycodone-induced nausea.

Both granisetron and dexamethasone are implemented 
in oncological treatment protocols, and their combination 
with oxycodone is frequently observed. However, concom-
itant use with oxycodone can result in severe ADRs. For 
instance, co-administration of oxycodone and granisetron 
can increase the risk of serotonin syndrome [21]. Moreo-
ver, dexamethasone can decrease oxycodone concentrations 
through CYP3A4 induction [22]. According to Hoeben 
et al., patients treated with 15 mg instant release oxycodone 
experienced a lower pain response compared to those treated 
with 10 mg instant release oxycodone [23]. Therefore, when 
a CYP3A4 inducer is used concomitantly with oxycodone, 
higher doses of oxycodone may be required. According to 
the prescribing information of oxycontin, patients should be 
closely monitored for life-threatening respiratory depression 
when the dosage is increased [15]. Hence, when dexametha-
sone is deprescribed, exposure to oxycodone increases and 
may result in adverse effects [21].

In total, 14 double interactions with CYP3A4 induc-
ers were found in 254 oxycodone treatment episodes, of 
which 11 involved the combination of dexamethasone, 

Table 1  The baseline characteristics of the patients and treatment episodes

Data are presented as mean (± standard deviation) for continuous normally distributed data, median (interquartile range) for skewed continuous 
variables and n (%) for categorical data.
BMI body mass index

Characteristics

Age at admission (years) 71 [61-76]
Sex  -
  Male (%) 126 (56)
  Female (%) 99 (44)

Body weight at admission (kg) 80 [71-92]
Length at admission (cm) 173 (± 9.80)
BMI at admission 26.9 [23.7-30.5]
Oxycodone treatment episode duration (days) 46 [11-151]
Oxycodone maximum daily dose (mg/day) 30 [25-50]
Number of co-medications (long-term) 13 [9-18]
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prednisolone, and oxycodone. This can be attributed to the 
widespread use of these corticosteroids in several oncolog-
ical treatment protocols. In addition, 6 double interactions 
with a CYP3A4 and CYP2D6 inhibitor were found. There 
is a lack of pharmacovigilance regarding the concomitant 
use of multiple drugs that induce or inhibit CYP enzymes. 
Therefore, it is hardly surprising that we observed several 
double interactions in this study. The limited literature 
available describes that double interactions can signifi-
cantly affect the plasma levels of affected drugs. For exam-
ple, studies have reported additive inhibition when two 
inhibitors are concomitantly used, such as the effect of 
paroxetine (CYP2D6 inhibitor) and itraconazole (CYP3A4 
inhibitor) on oxycodone levels; ciprofloxacin (CYP1A2 
inhibitor) and fluconazole (CYP2C19 inhibitor) on meta-
mizole metabolites and erythromycin (CYP3A4 inhibitor) 
and fluvoxamine (CYP1A2 inhibitor) on fluvoxamine and 
ropivacaine levels [10, 12–14]. However, not only drugs 
can affect multiple routes of the CYP metabolism, but also 
pharmacogenomics play an important role. For instance, 
up to 10% of the Caucasian population has a non-functional  
CYP2D6 enzyme. This might result in an exposure to 
high oxycodone levels when CYP3A4 is inhibited, since 
that is the only metabolic CYP route left [24]. Double 
interactions with oxycodone and two concomitantly 
used CYP2D6 inhibitors were also assessed. No studies 
investigated the impact of concomitantly used CYP2D6 
inhibitors on the pharmacokinetics of oxycodone. A study 
reported a double interaction between duloxetine and mira-
begron—both CYP2D6 inhibitors—and desipramine, a 
weak CYP2D6 substrate. The study suggested the pos-
sibility of competitive inhibition at the CYP2D6 enzyme 
for desipramine [25]. We hypothesise that a similar effect 
may occur with oxycodone as a substrate, given its inferior 
metabolism via the CYP2D6 pathway [9]. However, since 
CYP2D6 is not the main metabolic route, it is expected 
not to be of clinical relevance [8]. Currently, there is no 
literature available that describes the impact of multiple 
concomitantly used CYP inducers. In contrast to inhibi-
tors, which block the activity of existing enzymes, induc-
ers stimulate the synthesis of new enzymes. This process 
takes several days to weeks to fully manifest, whereas 
inhibition occurs immediately. Therefore, the effects of 
inhibition are easier to observe [25–27]. Double interac-
tions are not yet included in the interaction compendia. 
Further research is needed in order to determine whether 
they have to be included.

A limitation of this study is the potential for cogni-
tive bias in the assessment of the clinical relevance of 
observed perpetrators by experts [28]. Ideally, the clini-
cal relevance of perpetrators would be established and 
documented by interaction compendia. However, there is 
currently a lack of standardisation and classification of Ta
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DDIs among compendia [29]. Another limitation is that 
not all patients consented to having their medical infor-
mation shared with healthcare professionals through 
the National Exchange Point. In 2018, approximately 
60% of patients in the Netherlands consented to their 
medical information being shared [30]. Furthermore, 
clinical outcomes were outside the scope of this study. 
Therefore, no data regarding side effects or toxicologi-
cal cases are available. Strengths of this study include 
the reviewing and verifying the database by a second-
ary investigator, ensuring the reliability of data collec-
tion. Additionally, the cohort included a large number 
of patients—all oncology and haematology patients in 
the hospital—over a 1-year period. Pharmacy records 
from both the hospital and public sector were reviewed 
for each patient, providing a comprehensive overview 
of perpetrator frequency among patients with cancer. 
Furthermore, an experienced oncologist and a clinical 
pharmacologist were involved in this study to assess the 
clinical relevance of the observed perpetrators.

Conclusions

A high frequency of pharmacologically and clinically rel-
evant DDI perpetrators of oxycodone was observed in our 
cohort. In approximately nine out of ten times when patients 
with cancer were prescribed oxycodone for ≥ 5 consecutive 
days, patients received a pharmacologically relevant DDI 
perpetrator of oxycodone. Nearly all pharmacologically 
relevant DDI perpetrators were considered clinically rel-
evant. Moreover, a high number of double interactions 
involving oxycodone was observed. DDI monitoring might 
require optimisation in order to improve medication safety 
of patients with cancer taking oxycodone.
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