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Abstract: Cancer pain significantly impairs quality of life in oncology patients and remains inadequately managed globally. This
narrative review examines the pharmacokinetic and pharmacodynamic properties of oxycodone, the impact of CYP2D6 genetic
polymorphism on its metabolism, and the EGFR-dependent bidirectional effects of oxycodone on cancer cell biology. Critically, these
bidirectional tumor cell effects were observed exclusively under supraphysiological in vitro concentrations (0.01-10 pM), far
exceeding clinical therapeutic plasma levels (nM range), and are insufficient to alter current clinical guidelines. We further evaluate
oxycodone’s effects on tumor angiogenesis and immune function, and summarize clinical evidence from postoperative analgesia
studies in breast, colorectal, gastric, lung, and liver cancer patients, supporting oxycodone as a preferred option for perioperative
analgesia in abdominal and thoracic cancer surgery. The limitations of oxycodone in chronic neuropathic and bone metastasis pain are
discussed, alongside recent advances in oxycodone formulation development and novel analgesics in China. Individualized treatment
strategies integrating pharmacogenomic profiles and multimodal approaches are encouraged.
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Introduction

Pain in cancer patients represents a global public health concern that significantly impairs quality of life and treatment adherence.
Cancer-related pain may arise from direct tumor invasion of soft tissues or bone and is frequently among the presenting
symptoms at cancer diagnosis." A 2022 systematic study revealed an overall pain prevalence of 44.5% among cancer patients,
with moderate-to-severe pain affecting 30.6%.% A European multicenter survey involving 5000 cancer patients demonstrated that
72% experienced pain, of whom 90% reported moderate-to-severe intensity.” These data indicate that despite substantial
advances in oncology and pain management, cancer pain control remains a formidable challenge. Notably, recent research has
shown that fewer than half of all deceased cancer patients had been prescribed potent opioids, with a median treatment duration of
only nine weeks before death,” suggesting significant inadequacies in cancer pain treatment.

Oxycodone is a potent opioid analgesic indicated for the management of moderate-to-severe chronic pain, including
cancer pain.” Since its initial clinical application in 1917, oxycodone has been widely adopted for moderate-to-severe pain
management owing to its excellent analgesic efficacy, low incidence of adverse effects, and favorable oral bioavailability.®
Oxycodone exerts its analgesic effects primarily by binding to p-opioid receptors in the spinal dorsal horn and brain, thereby
inhibiting pain signal transmission.” This receptor binding suppresses neuronal calcium channel opening, consequently
reducing the release of excitatory neurotransmitters such as glutamate and blocking pain signal conduction.® Notably, unlike
morphine and fentanyl—the most widely used opioids in oncology—oxycodone demonstrates clinically meaningful k-opioid
receptor agonist activity in animal models, which may confer advantages in alleviating visceral pain and refractory neuro-
pathic pain.” In addition, accumulating evidence suggests that oxycodone produces relatively milder immunosuppressive

effects than morphine,”’ a distinction of particular clinical relevance given the already compromised immune status of cancer
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patients. These pharmacological features justify dedicated analysis of oxycodone as a distinct entity rather than treating it
interchangeably with other opioids.

The review aims to elucidate the pharmacokinetic and pharmacodynamic characteristics of oxycodone, with particular
emphasis on CYP2D6 genetic polymorphism; to analyze the bidirectional effects of oxycodone on cancer cell biology in
relation to EGFR expression levels; to summarize clinical evidence across multiple cancer types; and to discuss
limitations in chronic cancer pain management and advances in novel analgesic development in China, with the aim
of providing evidence-based guidance for individualized cancer pain treatment strategies.

Search Strategies and Inclusion and Exclusion Criteria
This review is a narrative review of the published literature on oxycodone in cancer pain management. We conducted
a systematic literature search of PubMed, Embase, and the Cochrane Library using the following search terms: “oxycodone,”
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“cancer pain,” “postoperative analgesia,” ‘“pharmacokinetics,” “pharmacodynamics,” “tumor biology,” “EGFR,” and
“immune function,” covering publications from January 2000 to December 2025, supplemented by seminal earlier studies.
Inclusion criteria were: original research articles, randomized controlled trials, cohort studies, registry-based analyses, and
high-quality reviews addressing oxycodone use in adult cancer patients. Non-English publications without English abstracts

and case reports were excluded.

Analgesic Mechanisms of Oxycodone and Its Pharmacokinetic and

Pharmacod-Ynamic Characteristics in Cancer Patients

The pharmacokinetic (PK) and pharmacodynamic (PD) profiles of oxycodone in cancer patients are influenced by
multiple factors, primarily including metabolic enzyme genetic polymorphisms, routes of administration, hepatic function
status, and interindividual variability. The following section systematically summarizes advances in PK and PD research
on oxycodone and provides an in-depth discussion of recent findings, such as the utility of population PK models in
cancer patients—which facilitate individualized dose adjustments to prevent both overdosing and underdosing.

Pharmacokinetics of Oxycodone in Cancer Patients
Studies have demonstrated that oxycodone exhibits high oral bioavailability (approximately 87%). The volume of distribution
is approximately 200-250 L following oral administration and 190-210 L following intravenous injection; plasma clearance is
approximately 4550 L/h, with an elimination half-life of approximately 3—4 hours.'® For intravenous administration, peak
plasma concentration (Cmax) is achieved rapidly within 5-15 minutes (Tmax: ~5-15 min); for immediate-release oral
formulations, Cmax occurs at approximately 1-1.5 hours (Tmax: ~60—90 min); and for controlled-release formulations,
Cmax is reached at approximately 3 hours (Tmax: ~3 h) with more gradual absorption and attenuated peak concentrations.®!!
Controlled-release formulations exhibit a delayed absorption phase of approximately 1 hour, with plasma concentrations
rising rapidly thereafter.'* Following absorption, oxycodone is primarily metabolized via CYP3A4 (producing noroxycodone)
and CYP2D6 (producing oxymorphone) (Figure 1), with approximately 45-50% metabolized through CYP3A enzymes and
10-19% through CYP2D6."*'* Although variations in metabolic pathways (eg., CYP2D6 metabolizer phenotypes) may affect
metabolite concentrations, current evidence suggests minimal impact on analgesic efficacy and adverse effects.'>'°
Notably, PK characteristics differ in special populations. In patients with hepatic impairment (eg., Child-Pugh class B),
oxycodone clearance may be significantly reduced, resulting in approximately 1.5-fold higher plasma concentrations and
necessitating dose adjustments.'” In patients with renal dysfunction, reduced renal clearance of oxymorphone and other
metabolites may lead to accumulation; a dose reduction of 25-50% or extended dosing intervals is advisable in patients with
creatinine clearance below 30 mL/min.'” In elderly patients (>75 years), polypharmacy-related drug interactions (eg., co-
administration of CYP3A4 inhibitors) and reduced renal/hepatic reserve may prolong mean half-life and increase exposure;
careful dose titration starting at the lower end of the dosing range is recommended.'® In patients with metastatic disease, disease
burden and cachexia-related changes in protein binding and volume of distribution may further alter PK parameters; individua-
lized population PK modeling is particularly valuable in this setting.'® In immunocompromised patients (eg., post-chemotherapy),
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Figure | Metabolites and metabolic pathways of oxycodone. (A) Chemical structure of oxycodone; (B) Metabolic pathway of oxycodone showing major metabolic enzymes
and their corresponding metabolic percentages: CYP3A4 (45-50%, producing noroxycodone) and CYP2Dé (10-19%, producing oxymorphone), with minor pathways
producing o-oxycodol and B-oxycodol.

altered drug disposition may result from hepatotoxicity or renal impairment induced by cytotoxic agents, underscoring the
importance of therapeutic drug monitoring when feasible.*’

Plasma clearance of oxycodone is 48.6 + 26.5 L/h, with an elimination half-life of 3.01 + 1.37 hours (intravenous) or 3.51 £
1.43 hours (oral).'® The drug is predominantly hepatically metabolized, with minor amounts excreted renally as unchanged drug
and metabolites.”’ Under steady-state conditions (10 mg every 4 hours), trough plasma concentrations are 34.6 + 10.3 pug/L, with
no apparent drug accumulation.'® Table 1 summarizes the principal pharmacokinetic parameters of oxycodone.

A recent population pharmacokinetic study demonstrated that in cancer patients, exposure to major oxycodone
metabolites (eg., noroxycodone and noroxymorphone) varies according to CYP2D6 genotype; however, these metabo-
lites contribute only 10-20% to the overall analgesic effect.”” For prodrug opioids that depend on CYP2D6 activation
(particularly codeine and tramadol), dose escalation alone cannot compensate for deficient enzyme activity in CYP2D6
poor metabolizers (PMs); instead, it may compromise therapeutic outcomes due to inadequate analgesia coupled with

Table 1 Summary of Oxycodone Pharmacokinetic Parameters

Pharmacokinetic Description Oral Oral Notes
Parameter (Immediate-Release) (Controlled-Release)
Bioavailability Approximately 87% ~60%—87% ~60%—87% High oral bioavailability
Cmax (peak plasma Achieved within 5-15 min ~15-25 ng/mL (after ~10-15 ng/mL (after IV peak 1.5-2.5% higher than oral
concentration) 10 mg dose) 10 mg dose) IR; CR 33-50% lower than IR
Tmax (time to peak) ~5-15 min ~60-90 min ~3h IV achieves peak 4—12x faster than
oral IR; CR delayed 2x vs IR
Volume of Distribution Intravenous: 190-210 L; Oral: 200-250 L 200-250 L Extensive tissue distribution
200-250 L
Plasma Clearance 48.6 + 26.5 L/h 45-50 L/h 45-50 L/h -
Half-life Intravenous: 3.01 = 1.37 h; Oral: 351143 h 4-6 h (apparent) Prolonged apparent t'2 for CR
351 £ 143 h
Metabolic Pathways CYP3A4 (noroxycodone), Same Same CYP3A4 is primary pathway
CYP2Dé6 (oxymorphone) (~4.5-5% higher contribution than
CYP2Dé6)
Excretion Routes Primarily metabolized by the liver, | Same Same Dose adjust in renal/hepatic
with minor renal excretion impairment
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increased adverse effects. Current evidence-based guidelines recommend switching such patients directly to opioids that
do not rely on CYP2D6 metabolism (eg., morphine, hydromorphone, fentanyl) rather than simply increasing doses.* For
drugs only partially dependent on CYP2D6 metabolism (eg., oxycodone, hydrocodone), limited evidence suggests that
increasing total doses or employing patient-controlled analgesia (PCA) may achieve comparable analgesic effects;**
however, the evidence remains limited with substantial interindividual variability. Currently, guidelines from both the
Clinical Pharmacogenetics Implementation Consortium (CPIC) and the Dutch Pharmacogenetics Working Group
(DPWG) conclude that existing evidence is insufficient to support CYP2D6 genotype-based dose adjustments for
oxycodone, although they recommend considering alternative agents independent of CYP2D6 metabolism for patients
with inadequate analgesia.?

Pharmacodynamics of Oxycodone in Cancer Patients

Oxycodone exerts its analgesic effects by agonizing p-, k-, and 8-opioid receptors in the spinal cord and brain.?® The
signaling pathway mediated by the mu-opioid receptor (MOR) constitutes the core mechanism underlying oxycodone’s
analgesic action, while k-and d-receptors may play auxiliary potentiating roles under specific circumstances, although
their precise clinical significance remains to be elucidated.”” Upon MOR activation, the G protein complex (Gafy)
dissociates. The Go subunit (predominantly Gi/o subtypes) binds to GTP and inhibits adenylyl cyclase (AC) activity,
resulting in decreased intracellular cyclic adenosine monophosphate (cAMP) levels. Meanwhile, the GBy dimer acts
directly on ion channels to mediate membrane-associated signal transduction, particularly voltage-gated calcium channels
and G protein-coupled inwardly rectifying potassium (GIRK) channels.”” Opening of GIRK channels increases potas-
sium efflux, causing neuronal hyperpolarization and thereby reducing excitability. Concurrently, voltage-gated calcium
channels are inhibited, reducing calcium influx and subsequently suppressing neurotransmitter release to block pain
signal transmission.'' Thus, the direct analgesic action of oxycodone is primarily achieved through GPy subunit-mediated
regulation of calcium and potassium ion channels (Figure 2).*® Additionally, MOR signaling has been reported to recruit
specific signal transduction proteins via B-catenin, including Src kinase, phosphatidylinositol 3-kinase (PI3K), and
mitogen-activated protein kinases (MAPKs, including ERK1/2 and JNK1-3), thereby participating in more complex
signaling network regulation.”” However, the contribution of these pathways to analgesic effects is relatively minor, with
the principal mechanism remaining centered on Gi/o-mediated ion channel modulation.

Regarding clinical efficacy, oxycodone demonstrates analgesic effects comparable to morphine and hydromorphone
in cancer patients.’® A meta-analysis revealed no significant difference in pain scores between oxycodone and morphine
(P = 0.8).>! Compared with hydromorphone, oxycodone showed slightly lower pain scores, although the difference did
not reach statistical significance. Studies indicate that oxycodone has a faster onset of action (approximately 1 hour for
controlled-release formulations) compared to morphine, and its metabolism is more predictable, facilitating clinical dose

titration.?®

Concerning onset of action, a study by Leow et al*?

conducted in 1995 demonstrated that intravenous oxycodone has
an onset time of 5-8 minutes. This study evaluated PK and PD characteristics in 12 adult patients with moderate-to-
severe cancer pain following single-dose intravenous and rectal administration. A comparative study in 2017 confirmed
that the analgesic onset time for intravenous oxycodone is 2-3 minutes.”> Oral oxycodone has an onset time of
10-30 minutes, while controlled-release formulations require approximately 1 hour.>* Notably, although intravenous
administration provides more rapid onset, it is associated with a relatively higher incidence of adverse effects.>* Other
studies have failed to identify significant correlations between oxycodone plasma concentrations and pain scores or
adverse effects, possibly attributable to limited sample sizes or data collection methodology constraints.*

Regarding genetic polymorphism, a multicenter study enrolling 450 cancer patients revealed that 6% were poor
metabolizers (PMs), 92% were extensive metabolizers (EMs), and 2% were ultra-rapid metabolizers (URMs)."
Oxymorphone concentrations in the PM group (0.2 nM) were significantly lower than those in the EM group (1.6
nM) and URM group (2.3 nM) (P < 0.001). However, no significant differences were observed among the three groups in
pain intensity, fatigue levels, nausea incidence, or cognitive function, further suggesting that oxymorphone contributes
minimally to overall analgesic efficacy. Table 2 summarizes the pharmacodynamic characteristics of oxycodone.
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Figure 2 Mechanism by which oxycodone relieves pain through activation of p-opioid receptors (MOR).

Regarding use in special populations, a recent review highlighted the pharmacodynamic characteristics of oxycodone in
special populations such as pregnant women and pediatric cancer patients:*® the elimination half-life is prolonged by approxi-
mately 20% in pregnant patients, necessitating dose reduction to prevent neonatal withdrawal syndrome. Additionally, drug-drug

Table 2 Summary of Oxycodone Pharmacodynamic Parameters

Pharmacodynamic
Parameter

Description

Mechanism of Action

Acts through activation of i, k, and & opioid receptors to produce analgesia, primarily mediated by p receptors,
inhibiting pain signal transmission

Onset of Action

Intravenous: 2—8 minute
Oral: 10-30 minutes

Controlled-release: approximately | hour

Clinical Efficacy

Comparable to morphine and hydromorphone in cancer pain management

Genetic Polymorphism

PM:6%; EM:92%; URM:2%

Genetic Factors

CYP2D6 polymorphism affects oxymorphone formation, but its impact on clinical analgesic efficacy is not significant

Common Adverse
Effects

Nausea, fatigue, cognitive impairment
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interactions (DDIs) warrant attention: concomitant use with rifampicin (a CYP3A4 inducer) can reduce oxycodone’s analgesic
efficacy by up to 50%. These findings support the adoption of individualized pharmacodynamic modeling strategies to optimize
therapeutic outcomes in cancer patients.

Oxycodone Formulation Types and Clinical Application Strategies
Oxycodone is currently available in multiple formulation types, primarily including immediate-release (IR), extended-
release/controlled-release (ER/CR), and combination products.®

Immediate-release (IR) formulations, encompassing oral solutions and conventional tablets, are primarily indicated
for rapid relief of acute pain or breakthrough cancer pain. IR formulations have a rapid onset of action (10-30 minutes),
provide analgesia lasting 36 hours, and are typically administered every 4—6 hours.>” Despite their relatively high oral
bioavailability (60%-87%), the requirement for frequent dosing may increase the risk of drug abuse.*® In cancer pain
management, IR formulations are commonly used for immediate control of breakthrough pain but are unsuitable as
maintenance therapy for chronic pain.**

Extended-release/controlled-release (ER/CR) formulations (eg., OxyContin®) employ specialized drug-release tech-
nologies to provide stable plasma concentrations with twice-daily dosing, effectively minimizing peak-trough fluctua-
tions. ER/CR formulations exhibit overall absorption rates similar to IR formulations but with more gradual drug release,
making them suitable for maintenance therapy of chronic cancer pain.’® Studies have demonstrated no significant
difference in analgesic efficacy between CR and IR formulations;** however, CR formulations significantly improve
patient adherence by reducing the inconvenience associated with frequent dosing.*!

Combination products achieve synergistic efficacy with reduced toxicity by combining agents with different mechan-
isms of action. Common types include: (1) oxycodone/acetaminophen: enhances analgesic efficacy through combination
with a non-opioid analgesic while reducing opioid requirements;>’ (2) oxycodone/naloxone: naloxone blocks peripheral
p-receptors, effectively reducing gastrointestinal adverse effects such as constipation;*? and (3) oxycodone/naltrexone:
naltrexone serves as an abuse-deterrent component to reduce abuse behaviors such as intranasal administration.*? In
cancer patients, opioid combination products have been shown to reduce the incidence of opioid-related adverse effects,
including a reduction in bowel obstruction risk, as supported by multiple studies.** Table 3 provides a comparison of the
characteristics of different oxycodone formulations.

Regarding clinical application strategies, the American Society of Clinical Oncology (ASCO) and European Society
for Medical Oncology (ESMO) guidelines recommend the following:** (1) Initial therapy: titration with low-dose IR
formulations (5-15 mg every 4 hours); (2) Maintenance therapy: once pain control is stabilized, conversion to ER
formulations (administered every 12 hours, with each dose representing half the total daily dose); (3) Special populations:
dose reduction of 25%—50% in patients with renal impairment; (4) Inadequate response: consideration of opioid rotation;
and (5) Advanced-stage patients: preferential use of ER formulations to reduce caregiver burden, with IR formulations as
supplemental analgesia for breakthrough pain episodes. These recommendations align with the WHO analgesic ladder
framework, which provides the foundational three-step approach (non-opioid — weak opioid — strong opioid) that

. . . . 4
underpins cancer pain management internationally.*

Table 3 Comparison of Oxycodone Formulations

Formulation Onset of Action Duration of Indications Advantages Disadvantages

Type Action

IR 10-30 min 3-6h Breakthrough pain Rapid onset Requires frequent dosing; higher risk of abuse

ER/CR Approximately | h 12 h Maintenance of Good compliance; stable plasma Not suitable for acute pain; early
chronic pain concentration formulations have risk of abuse

Combination Similar to IR/ER Similar to IR/ER Patients with Reduces constipation/abuse risk Need to be aware of drug interactions

formulations adverse events between components

Abbreviations: IR, immediate-release; ER, extended-release; CR, controlled-release.
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Beyond standard oral and intravenous routes, novel delivery technologies have expanded options for patients with
impaired oral absorption (eg., bowel obstruction, severe mucositis) or refractory pain. Transdermal oxycodone patches
offer sustained, non-oral delivery suitable for patients with gastrointestinal dysfunction; subcutaneous infusion provides

1;*” and intrathecal oxycodone, while

a flexible alternative for palliative care settings where intravenous access is impractica
less established than intrathecal morphine, may be considered for selected cases of refractory cancer pain requiring high
systemic doses.*™* The integration of oxycodone within ERAS protocols also merits attention: oxycodone can be effectively
combined with non-opioid analgesics (NSAIDs, gabapentinoids such as gabapentin and pregabalin), regional anesthesia
(intercostal nerve block, epidural analgesia, transversus abdominis plane block), and non-pharmacological interventions
(psychological support, physical therapy) as part of opioid-sparing multimodal strategies in cancer surgery.’

Regarding pharmacoeconomics, oxycodone’s overall cost profile compared with other opioids depends on formulation
type, duration of use, and regional healthcare systems. In many settings, immediate-release oxycodone is cost-competitive
with equivalent morphine formulations; however, controlled-release oxycodone (eg., OxyContin®) carries a higher acquisi-
tion cost, which may be offset by reduced adverse event management costs (eg., lower constipation burden with oxycodone/
naloxone combinations) and improved adherence.’'*>* In low- and middle-income countries (LMICs), availability and
affordability are significant barriers: oxycodone is not universally included on national essential medicines lists, and
regulatory restrictions on opioid prescribing limit access in parts of Asia, Africa, and South America.”' Prescribing practices
also vary substantially by region: Asian countries (particularly China, Japan, and South Korea) have historically exhibited
lower per-capita opioid consumption, partly due to regulatory constraints and cultural attitudes toward opioid use, while North
American and European centers follow more liberal opioid prescribing frameworks.” These disparities highlight the need for
international policy advocacy alongside clinical guideline development.

Beyond objective pain metrics, patient-reported outcomes (PROs) represent an increasingly recognized dimension of
analgesic effectiveness. Several studies included in this review assessed quality of life (QoL), physical function, sleep
quality, and patient satisfaction, consistently demonstrating that oxycodone’s combination of effective analgesia and
milder adverse effect profile contributes positively to overall PROs. However, standardized PRO instruments (such as the
BPI, FACT-G, or PGIC) were not uniformly employed across studies, limiting cross-study comparability. Future trials
should incorporate validated PRO measures as co-primary endpoints.”*

However, substantial interindividual variability exists in clinical practice, and guideline recommendations cannot
address all patients. Individualized treatment regimens require comprehensive consideration of each patient’s pain type,
comorbidities, organ function, genetic background, and access to medications.

In summary, oxycodone possesses favorable pharmacokinetic characteristics and well-defined analgesic mechanisms,
playing a significant role in cancer pain management. However, as an opioid analgesic, whether oxycodone exerts effects
on tumor cells themselves beyond its actions on the nervous system remains an important—and as yet unresolved—
question with implications for long-term medication safety in cancer patients. The following section systematically
explores the potential effects of oxycodone on cancer cell biological behavior, tumor angiogenesis, and immune function.

Effects of Oxycodone on Tumor Cells and the Tumor Microenvironment

Oxycodone is an opioid analgesic widely used for the management of moderate-to-severe cancer pain. Recent studies
have demonstrated that the effects of oxycodone extend beyond the nervous system, potentially directly influencing
cancer cell biological behavior and exerting regulatory effects on the hematopoietic system and immune function.>>°
These findings have sparked academic interest and debate regarding whether long-term opioid use may affect tumor
progression. The following sections systematically address three aspects: the direct effects of oxycodone on cancer cells,

its impact on tumor angiogenesis, and its modulation of the immune system.

Oxycodone Exhibits Bidirectional Effects in Cancer Cells with Different EGFR Expression

Levels
Critical note on concentration: All in vitro studies summarized in this section used oxycodone concentrations in the pM
range (0.01-10 uM). Clinical therapeutic plasma concentrations of oxycodone are typically in the low nM range.’’ The
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in vitro concentrations thus exceed physiological levels by approximately 100- to 1000-fold. Accordingly, the bidirec-
tional effects described below should be interpreted as hypothesis-generating observations under supraphysiological
conditions; they have not been validated by prospective clinical studies and are insufficient to alter current clinical
guidelines.

Epidermal growth factor receptor (EGFR) expression levels vary significantly across different cancer cell types,”® and the
effects of oxycodone on cancer cells may be associated with EGFR expression levels, potentially manifesting as either pro-
tumorigenic or anti-tumorigenic effects under specific in vitro conditions. In cancer cells with high EGFR expression,

1 found

oxycodone may demonstrate pro-tumorigenic effects. Using breast cancer MDA-468 cells as an example, Yu et a
that oxycodone at concentrations ranging from 0.01 to 10 pM (supraphysiological relative to clinical plasma levels) appeared
to stimulate cell proliferation and migration without appreciably affecting cell survival. Further mechanistic investigation
suggested that these effects may be mediated through activation of the EGFR/ERK/Akt signaling pathway and may depend on
opioid receptor involvement. The opioid receptor antagonist naloxone (500 nM) reversed these stimulatory effects of
oxycodone, suggesting that its actions may be associated with opioid receptor binding.>

In cancer cells with low EGFR expression, oxycodone may exhibit anti-tumorigenic effects under high-concentration

conditions. In breast cancer SKBR3 cells and colon cancer Caco?2 cells, Hu et al>®

demonstrated that oxycodone (5 pM,
approximately 100-fold above clinical plasma concentrations) appeared to inhibit cell growth and survival through
induction of apoptosis and oxidative stress, without appreciably affecting cell migration. The apoptotic mechanism
involves activation of caspase-8 and caspase-9, as well as elevated reactive oxygen species (ROS) levels.®® Oxycodone-
induced oxidative stress may be mediated through the mitochondrial pathway and can be reversed by the pan-caspase
inhibitor Z-VAD-fmk (50 pM)®' and the antioxidant N-acetylcysteine (NAC, 10 mM),*® but is unaffected by a-
tocopherol (10 mM).®® Furthermore, under conditions of oxidative damage, Z-VAD-fmk and NAC can synergistically
restore mitochondrial function and reduce cell death by inhibiting apoptosis and scavenging ROS, respectively.®’

In hematopoietic stem/progenitor cells, oxycodone may exhibit pro-proliferative and pro-self-renewal effects.”® Studies
suggest that oxycodone increases colony-forming capacity and self-renewal ability in both normal bone marrow (NBM) and
acute myeloid leukemia (AML) stem/progenitor cells in a dose-dependent manner, while also promoting proliferation of AML
somatic cells. Notably, normal bone marrow stem/progenitor cells appear to exhibit greater sensitivity to oxycodone than AML
cells. Additionally, oxycodone may attenuate the cytotoxic effects of chemotherapeutic agents on AML stem/progenitor cells.
These effects may be mediated through activation of the Wnt/B-catenin signaling pathway and are reportedly independent of
opioid receptors. Table 4 summarizes the biological behaviors and associated signaling pathways of oxycodone across different
cancer cell types, including the drug concentrations used in each study.

Table 4 Biological Behavior and Signaling Pathways of Oxycodone in Different Cancer Cell Types

Cancer Cell EGFR Biological Behavior Major Signaling Mechanistic Drug Fold vs. Clinical Key
Type Expression Pathways Features Concentration Plasma Level Reference
Used in Study (~10-100 nM)
MDA-468 High May promote EGFR/ERK/Akt Opioid 0.01-10 uM ~100-10,000% Yu et al,
(Breast cancer) proliferation and receptor- 2020°3
migration dependent

SKBR3 (Breast Low May inhibit growth, Apoptosis/ Mitochondria- 5uM ~50-500% Hu et al,

cancer) induce apoptosis oxidative stress mediated 2020%*
pathways

Caco2 (Colon Low May inhibit growth, Apoptosis/ Mitochondria- 5uM ~50-500x% Hu et al,

cancer) induce apoptosis oxidative stress mediated 2020%*
pathways

NBM/AML — May promote colony Whnt/B-catenin Non-opioid Not specified (dose- Unknown Hu et al,

stem/progenitor formation and receptor- dependent) 2020%*

cells proliferation dependent

Abbreviations: EGFR, epidermal growth factor receptor; NBM, normal bone marrow; AML, acute myeloid leukemia; all findings are in vitro and at supraphysiological

concentrations.
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The interactions between oxycodone and chemotherapeutic agents also vary according to cancer cell type. In high
EGFR-expressing MDA-468 cells, oxycodone (1 pM) attenuates the antitumor efficacy of paclitaxel (50 nM) and
5-fluorouracil (5-FU, 100 nM);> conversely, in low EGFR-expressing SKBR3°* and Caco2®’ cells, oxycodone enhances
the anticancer effects of these chemotherapeutic agents. This bidirectional modulatory effect suggests that comprehensive
evaluation of oxycodone’s potential impact on chemotherapy efficacy is warranted in clinical practice.

Regarding the potential pro-tumorigenic risks of opioids, in vitro experiments and animal model studies have
demonstrated that oxycodone may promote tumor growth and metastasis through p-receptor-mediated mechanisms,
including promotion of angiogenesis, induction of immunosuppression, and metabolic reprogramming (such as elevated
ROS levels). For instance, Opioids have been shown in some studies to potentially promote tumor growth.®® However,
clinical evidence remains inconsistent: some retrospective studies (eg., a 2020 study) demonstrated that long-term opioid
use increases cancer recurrence risk (HR = 1.5), particularly in breast cancer patients;®’ yet other meta-analyses have
failed to identify significant associations, suggesting that such findings may be confounded by factors such as pain
severity.® A 2023 pan-cancer analysis indicated that tumors overexpressing the p-opioid receptor (MOR) have poorer
prognosis and exhibit diminished response to PD-L1 immunotherapy;*® however, validation through prospective rando-
mized controlled trials is still lacking. Based on the totality of current evidence, short-term oxycodone use (<3 months)
carries relatively low safety risks;* for long-term use, however, careful weighing of analgesic benefits against potential
risks is warranted, with active consideration of non-opioid alternative therapeutic approaches.

Oxycodone Exerts Dual Effects on Tumor Angiogenesis

Tumor angiogenesis is an essential prerequisite for tumor growth and metastasis.””’' Regarding the effects of
oxycodone on angiogenesis, existing studies have yielded contradictory results, suggesting that its actions may be
dose- and tumor type-dependent. With respect to angiogenesis inhibition, Tian et al’> demonstrated that oxycodone
at a concentration of 40 pug/mL (approximately 127 uM) significantly reduced vascular endothelial growth factor
(VEGF) expression levels in A549 lung cancer cells. Compared with morphine, oxycodone also decreased the
expression of urokinase-type plasminogen activator (uPA) and intercellular adhesion molecule-1 (ICAM-1) in A549
cells, suggesting that oxycodone may possess superior anti-angiogenic properties compared to morphine. Regarding
angiogenesis promotion, Feng et al”® found that oxycodone at doses ranging from 0.1 to 100 uM promoted
endothelial cell tube formation and proliferation in a dose-dependent manner. Although this study observed
increased mitogen-activated protein kinase (MAPK) phosphorylation levels in both morphine- and oxycodone-
treated cells, rescue experiments demonstrated that only the pro-angiogenic effects of morphine could be reversed
by specific MAPK inhibitors, while those of oxycodone remained unaffected. These findings carry important
mechanistic implications: despite both morphine and oxycodone being opioid analgesics capable of activating the
MAPK pathway, their regulatory mechanisms governing angiogenesis are not entirely identical. Morphine’s promo-
tion of angiogenesis directly depends on the MAPK pathway, with MAPK activation serving as its core mechanistic
component.”*”> In contrast, the mechanism of action of oxycodone requires further elucidation, with current studies
suggesting potential involvement of signaling pathways other than MAPK.”®"’

Regarding possible explanations for these dual effects, the bidirectional regulation of angiogenesis by oxycodone may
be related to drug concentration and tumor type: at low concentrations, it tends to inhibit VEGF expression, whereas at
high concentrations, it may activate endothelial cell proliferation.”>’® Some animal studies suggest that oxycodone may
indirectly influence neuroinflammatory responses through immunomodulatory or metabolic pathways;’® however, there
is currently no direct evidence demonstrating that it promotes tumor metastasis in animal models, and human studies are
even more lacking.

Based on the above evidence, to minimize the risks of drug abuse and dependence in clinical practice, low-dose
controlled-release oxycodone (ER formulations) is recommended as the preferred initial treatment strategy.* This
approach may also help circumvent the potential pro-angiogenic risks associated with high doses.
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Differential Effects of Oxycodone and Morphine on Immune Function in Cancer

Patients

Immune function status significantly influences prognosis in cancer patients. The immunomodulatory effects of opioid
analgesics have garnered increasing attention, and differences in immunomodulatory effects may exist among different
opioid agents.

Regarding comparison of immunosuppressive effects between oxycodone and morphine, a study by Cui et al®' in
patients undergoing radical colorectal cancer surgery demonstrated that postoperative administration of either oxycodone
or morphine resulted in decreased CD4 T cell, CDS'T cell, and natural killer (NK) cell counts in both groups; however,
the oxycodone group exhibited significantly higher counts of these cell populations at all observation time points
compared to the morphine group, suggesting that oxycodone exerts relatively milder immunosuppressive effects.
Research by Wodehouse et al®? utilizing gene expression profiling further confirmed that compared with morphine,
oxycodone produces less immunosuppression of CD4", CD8" T cells, and NK cells in the early postoperative period,
with cytokine expression profile analysis similarly supporting the relative immunoprotective properties of oxycodone.

Regarding infection risk with long-term use, a retrospective study by Suzuki et al®?

found that cancer pain patients
receiving long-term morphine therapy had significantly higher infection rates compared to those receiving oxycodone
(OR = 3.60), suggesting that the stronger immunosuppressive effects of morphine may contribute to elevated infection
risk. In a systematic review, Li et al’ summarized the immunomodulatory mechanisms of opioid analgesics, noting that
morphine produces potent immunosuppressive effects through p-receptor and Toll-like receptor 4 (TLR4) pathways,
whereas oxycodone exhibits relatively weaker immunosuppressive activity. In summary, current evidence consistently
indicates that compared with morphine, oxycodone produces milder immunosuppressive effects during perioperative
analgesia in cancer patients, conferring certain immunoprotective advantages. This characteristic holds important clinical
implications for cancer patients whose immune function is already compromised.

Regarding the anti-inflammatory effects of oxycodone, recent studies have revealed that oxycodone possesses
significant anti-inflammatory properties, capable of downregulating the expression of inflammatory mediators such as
interleukin-6 (IL-6), with some mechanisms potentially operating independently of the classical TLR4 pathway. For
example, Tan et al® demonstrated that oxycodone can suppress neuroinflammatory responses through the CREB/miR-
181¢/PDCD4 axis; Wang et al®* found that oxycodone can attenuate myocardial inflammatory injury by activating the
Nrf2/HO-1 signaling pathway. In immunocompromised patients, the anti-inflammatory effects of oxycodone may confer
protective benefits; however, it should be noted that long-term use may still increase infection risk, necessitating
comprehensive evaluation in clinical applications.

Clinical Evidence for Postoperative Oxycodone Use in Cancer Patients

The aforementioned basic research has revealed the multiple effects of oxycodone on tumor cells and the tumor
microenvironment at cellular and molecular levels, providing important references for rational clinical drug use.
However, conclusions from basic research require validation through clinical evidence. The following section system-
atically reviews clinical studies on oxycodone use in postoperative acute pain management across different cancer types,
providing an evidence base for clinical practice.

Postoperative Analgesia in Breast Cancer

Regarding oxycodone use for postoperative analgesia in breast cancer, Kampe et al®® conducted a prospective, rando-
mized, double-blind, placebo-controlled study. This study enrolled 40 female patients (ASA I-III) undergoing breast
cancer surgery, employing controlled-release oxycodone 20 mg every 12 hours. Results demonstrated that compared with
the placebo group, the oxycodone group had significantly lower intravenous PCA opioid consumption (P = 0.01),
required smaller intravenous opioid loading doses (P < 0.001), and exhibited significantly lower area under the curve for
VAS scores at rest (P = 0.05). Notably, there was no significant difference in nausea incidence between groups (P =
0.34), suggesting that perioperative prophylactic oral controlled-release oxycodone can effectively improve postoperative
pain control without increasing the risk of gastrointestinal adverse effects.®
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Clinical Studies on Postoperative Oxycodone Use in Colorectal Cancer

Multiple randomized controlled trials have evaluated the efficacy of oxycodone for postoperative analgesia in colorectal
cancer surgery. Yang et al®’ randomized 40 patients undergoing laparoscopic colorectal cancer resection to receive either
oxycodone or sufentanil for PCIA, finding that VAS scores during coughing in the oxycodone group were significantly lower
than in the sufentanil group at 24 and 72 hours postoperatively (P < 0.001), while VAS scores at rest showed no significant
difference between groups. Studies by Han et al*® and Wan et al® further confirmed that oxycodone provides non-inferior
analgesic efficacy compared to sufentanil for postoperative colorectal cancer surgery, with certain advantages in time to
consciousness recovery, incidence of respiratory depression, and immune function preservation. Collectively, these studies
indicate that oxycodone used for postoperative PCIA in colorectal cancer surgery provides excellent dynamic analgesia,

making it particularly suitable for enhanced recovery after surgery (ERAS) protocols requiring early ambulation.

Clinical Studies on Postoperative Oxycodone Use in Gastric Cancer

For elderly gastric cancer patients, Lao et al’® conducted a randomized controlled trial comparing oxycodone (0.1 mg/kg)
versus sufentanil (0.1 pg/kg) combined with parecoxib for postoperative analgesia following laparoscopic gastrectomy.
This study enrolled 60 patients aged 65 years and older, demonstrating that the oxycodone group had lower visceral pain
NRS scores at all observation time points compared to the sufentanil group, with incisional pain scores also lower at 6
and 24 hours postoperatively. Additionally, the oxycodone group exhibited lower incidence of postoperative nausea and
vomiting, and changes in inflammatory cytokine levels (IL-6, IL-10) suggested superior anti-inflammatory effects. These
results indicate that oxycodone may be superior to sufentanil in alleviating postoperative visceral pain, consistent with its
pharmacological properties as a k-receptor agonist.

Clinical Studies on Postoperative Oxycodone Use in Lung Cancer

Lung cancer surgery involves substantial surgical trauma, making postoperative pain management crucial for patient
recovery. A retrospective analysis by Wang et al’' enrolled 135 elderly patients undergoing radical lung cancer resection
to evaluate the effects of intercostal nerve block (INB) combined with oxycodone on postoperative cognitive function.
Results showed that the combination therapy group had significantly higher postoperative MMSE scores compared to
controls, with lower adverse event rates and VAS scores, and higher postoperative analgesia satisfaction rates. Studies by
Cheng et al,”® Sun et al,”® and Zhang et al®* further confirmed that oxycodone effectively reduces inflammatory cytokine
release, attenuates stress responses, and protects cognitive function following lung cancer surgery (see Table 5). These
findings suggest that oxycodone combined with regional block techniques may be the preferred postoperative analgesic
regimen for elderly lung cancer patients, particularly for those at high risk of postoperative delirium.

Clinical Studies on Postoperative Oxycodone Use in Liver Cancer

Interventional treatments for liver cancer require patients to maintain spontaneous respiration and hemodynamic stability,
imposing specific requirements for analgesic drug selection. Wang et al’> compared oxycodone with fentanyl during
percutaneous radiofrequency ablation for liver cancer, demonstrating that the oxycodone group had lower intraoperative
and postoperative NRS scores, smaller heart rate fluctuations, and significantly lower incidences of respiratory depression
and adverse limb movements compared to the fentanyl group. A study by Wu et al’® similarly showed that oxycodone
provides superior analgesia for hepatic microwave ablation, reduces postoperative opioid rescue requirements, and
maintains more stable hemodynamics. This evidence supports oxycodone as the preferred analgesic for interventional
liver cancer treatments.

Cross-Cancer Synthesis and Limitations of Oxycodone in Chronic Cancer Pain
Management

A cross-cancer comparison of the clinical evidence reveals important distinctions in how oxycodone performs across
surgical contexts. When comparing colorectal and lung cancer surgical settings—the two cancer types with the largest
evidence base in this review—oxycodone’s advantages are complementary but distinct. In colorectal cancer surgery, three
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Table 5 Summary of Clinical Studies on the Use of Oxycodone Following Cancer Surgery

Study Investigator Study Sample Interventions Primary Endpoints Primary Results
Design Size
Breast Kampe Prospective 40 Controlled-release oxycodone IV PCA consumption AUC PCA consumption|; VAS
cancer (2004)%¢ RCT, double- 20 mg ql2h vs placebo within 24 h postoperatively scores|
blind,
multicenter
Colorectal Yang (2024)87 RCT, 40 Oxycodone PCIA vs sufentanil VAS score during coughing VAS during coughing
cancer controlled PCIA significantly reduced
study
Colorectal Han (2018)% Prospective 175 Oxycodone PCIA: laparoscopic | Total PCIA dose, effective Time to consciousness
cancer RCT, double- 0.1 mg/kg, open 0.15 mg/kg vs single boluses, time to recovery|; analgesic
blind, sufentanil PCIA: laparoscopic consciousness recovery, consumption; incidence of
multicenter 0.1 pg/kg, open 0.15 ug/kg adverse events respiratory depression and
pruritus]
Colorectal | Wan (2021)% RCT 133 Oxycodone 0.1 mg/kg + VAS scores, immune function VAS during coughing|; CD4
cancer flurbiprofen axetil 3 mg/kg vs markers (CD4", CD8", NK *ICD8" ratio preserved; TNF-
sufentanil 0.1 pg/kg + cells), inflammatory cytokines o and IL-6]; earlier first flatus
flurbiprofen axetil 3 mg/kg (TNF-a, IL-6) and bowel movement
Gastric Lao (2021)%° RCT, 60 Oxycodone 0.1 mg/kg + NRS scores, inflammatory Improved both visceral and
cancer controlled parecoxib vs sufentanil cytokines incisional pain
study
Lung Wang Retrospective 135 INB + 0.5% ropivacaine 20 mL + MMSE scores, VAS scores, MMSE scores?; VAS scores|;
cancer (2022)9' analysis oxycodone 5 mg vs single IV adverse event rates, analgesic adverse event rates|; analgesic
oxycodone 5 mg satisfaction satisfaction?
Lung Cheng RCT 118 Oxycodone + dezocine vs VAS scores, inflammatory VAS scores at T, T2, T3|;
cancer (2021)*? oxycodone + sufentanil markers (MCP-1, TNF-o, inflammatory markers at 24 h,
HMGB-I), stress markers (Cor, | 48 h|; stress markers|
E, GSH-Px)
Lung Sun (2024)93 RCT 120 Oxycodone 100 mg + Immune function (CD4", CD8 CD4" and CD8" percentages
cancer dolasetron 25 mg vs sufentanil *, NK cell percentages), VAS preserved; NK cell
100 pg + dolasetron 25 mg scores, PCA usage percentages preserved; milder
immunosuppression
Lung Zhang Prospective 140 Low-dose oxycodone 0.25 mg/h | Static and dynamic VAS scores | Comparable VAS scores;
cancer (202I)94 single-center background infusion + within 72 h postoperatively, postoperative analgesic
RCT, double- ropivacaine INB vs oxycodone patient satisfaction, drug consumption|; nausea and
blind 0.5 mg/h + ropivacaine INB consumption, adverse events vomiting incidence
Liver Wang RCT 205 Oxycodone vs fentanyl + Perioperative NRS scores Lower NRS scores; more
cancer (2020)* dexmedetomidine stable hemodynamics
Liver Wu (2019)% RCT 38 Oxycodone 0.1 mgfkg vs fentanyl | NRS scores 24 h post-MWA Lower VAS scores in
cancer I nglkg oxycodone group

Abbreviations: |V, Intravenous; INB, Intercostal Nerve Block; PCIA, Patient-Controlled Intravenous Analgesia; PCA, Patient-Controlled Analgesia; VAS, Visual Analog Scale;
NRS, Numerical Rating Scale; MMSE, Mini-Mental State Examination; Cor, Cortisol; E, Epinephrine; HMGBI, High Mobility Group Box |; MCPI, Monocyte Chemoattractant
Protein-1; GSH-Px, Glutathione Peroxidase; MWA, Microwave Ablation.

RCTs consistently demonstrated superior visceral pain control (particularly during dynamic activities such as coughing),

faster gastrointestinal recovery, and immunoprotective effects, consistent with oxycodone’s k-receptor activity.”” In lung

cancer surgery, the dominant benefit shifts toward cognitive protection and attenuation of the neuroinflammatory

response associated with major thoracic trauma, where oxycodone combined with regional anesthesia (intercostal

nerve block) produced the most robust effects.”® For gastric cancer, oxycodone’s k-receptor agonism similarly underpins

its visceral pain advantage, with anti-inflammatory cytokine modulation as an additional benefit in elderly patients.”® For

hepatic ablation procedures, the defining advantage is hemodynamic stability and minimal respiratory depression, which

are critical for patients who must maintain spontaneous ventilation during interventional procedures.'® For breast cancer,
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the primary benefit is a reduction in overall opioid consumption during the perioperative period, consistent with the less
visceral character of the pain.'®" The clinical evidence largely derives from Asian (predominantly Chinese) single- and
multi-center RCTs; additional studies from diverse geographical regions would be required to confirm generalizability
across healthcare systems with different patient populations, surgical practices, and co-analgesic protocols.'*
A comparison of oxycodone application characteristics across cancer types is summarized in Table 6.

Unlike postoperative acute pain, the management of chronic cancer pain (particularly neuropathic cancer pain) is
more complex, and opioids such as oxycodone alone often fail to achieve satisfactory pain relief. In clinical practice,
adjuvant analgesics (such as gabapentin, pregabalin, and methadone) are frequently required in combination to
achieve optimal analgesia.'®® For persistent cancer pain associated with bone metastases, oxycodone provides
analgesic efficacy comparable to morphine and other potent opioids and can serve as a first-line treatment option.
However, for breakthrough cancer pain, the efficacy of oxycodone is relatively limited; such pain typically requires
rapid-onset formulations or transmucosal delivery routes (such as transmucosal immediate-release fentanyl) for
control.'” Furthermore, long-term oxycodone use may lead to drug tolerance and opioid-induced hyperalgesia
(OIH),'® further limiting its long-term utility in chronic cancer pain. For patients with refractory cancer pain,
multimodal analgesia strategies are recommended, incorporating opioid rotation, adjuvant analgesics, interventional
treatments (such as nerve blocks and intrathecal drug delivery), and non-pharmacological approaches (such as
psychological interventions and physical therapy) within an interdisciplinary comprehensive management frame-
work. A summary comparison of oxycodone with other opioid analgesics across included studies is presented in
Table 7.

In summary, oxycodone has accumulated substantial evidence for postoperative acute pain management in cancer
patients, demonstrating favorable analgesic efficacy and safety profiles across various cancer surgeries. However, its
application in chronic cancer pain management has limitations, necessitating integration with multimodal analgesia
strategies and individualized treatment plans. With the development of novel analgesics and drug delivery systems,

options for cancer pain management will continue to expand.

Table 6 Comparison of Oxycodone Application Characteristics in Different Cancer Types

Cancer Surgical Pain Characteristics Advantages of Oxycodone Recommended Special Benefits
Type Procedure Dosing
Regimen
Lung Thoracoscopic/ Predominantly incisional Immune function protection, Smg IV + INB or Reduces respiratory depression,
cancer open thoracic pain with intercostal nerve | cognitive protection, inflammatory PCIA 100mg improves immune function
lobectomy injury pain modulation
Liver Microwave Burning pain in ablation Superior analgesic efficacy, 0.1mg/kg IV Reduces intraoperative movement,
cancer ablation/ zone hemodynamic stability decreases need for supplemental
radiofrequency analgesia
ablation
Gastric Laparoscopic Visceral pain + incisional Inflammatory cytokine regulation, 0.Img/kg IV + Reduces incidence of pulmonary
cancer radical pain reduced complications parecoxib 40mg inflammation
gastrectomy
Colorectal Radical resection Prominent visceral pain Immune function restoration, 0.1mg/kg + Promotes early flatus and bowel
cancer rapid gastrointestinal recovery flurbiprofen axetil movement, immune protection
3mgl/kg
Breast Breast surgery Incisional pain, axillary Reduces postoperative opioid Controlled- Significant improvement in resting
cancer regional pain consumption release pain
oxycodone 20mg
ql2h

Abbreviations: |V, intravenous; INB, intercostal nerve block; PCIA, patient-controlled intravenous analgesia; ql2h, every 12 hours.
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Table 7 Summary Comparison of Oxycodone with Other Opioid Analgesics

Comparative Number Sample Analgesic Efficacy Safety Advantages Other Benefits Evidence Quality
Drug of Size Advantages (GRADE)
Studies

Oxycodone 6 646 Superior visceral pain relief, Nausea and vomiting|, Immune function protection, Moderate

vs Sufentanil faster consciousness recovery pruritus|, respiratory cognitive protection, drug (multicenter RCTs,
depression| consumption some single-center)

Oxycodone 2 243 Longer postoperative analgesic Respiratory Intraoperative movement| Low (small single-

vs Fentanyl duration, less need for depression|, more center RCTs)

supplemental analgesia stable hemodynamics

Oxycodone | 51 Significantly lower VAS scores, Comparable adverse - Very Low (single

vs Dezocine better sedation effect event rates small RCT)

Oxycodone | 40 Lower resting pain VAS scores No serious adverse IV PCA opioid consumption Low (single

vs Placebo events multicenter RCT,

limited sample)

“

Notes: | indicates decreased incidence; “-” indicates no relevant data.
Abbreviations: VAS, Visual Analog Scale; IV-PCA, intravenous patient-controlled analgesia.

Discussion

This review systematically examines the pharmacological foundation, tumor biological effects, and clinical evidence for
oxycodone in cancer pain management. Comprehensive analysis indicates that the clinical value of oxycodone extends
beyond reliable analgesic efficacy to encompass potential advantages conferred by its unique pharmacological properties.

K-receptor agonism confers advantages in visceral pain relief. Unlike morphine and fentanyl, oxycodone demonstrates k-
receptor agonist activity in animal models. This pharmacological characteristic may explain its superior performance in
postoperative analgesia following gastrointestinal surgery: three RCTs in colorectal cancer and one in gastric cancer consistently
demonstrated that oxycodone groups exhibited significantly lower visceral pain scores compared to sufentanil groups, with this
advantage being particularly pronounced during dynamic activities such as coughing and turning. For patients undergoing
abdominal tumor surgery, especially radical resections involving extensive visceral manipulation, oxycodone may represent
a more rational analgesic choice. However, the precise contribution of k-receptors in humans remains unclear, as existing
evidence derives primarily from animal studies, and its clinical translational value warrants further validation.

Immune-protective properties have potential clinical significance. Six RCTs encompassing 646 patients demonstrated
that compared with sufentanil or morphine, oxycodone exerted less suppression on CD4'T cells, CD8'T cells, and NK
cells. This finding holds potential importance for cancer patients whose immune function is already compromised.
Preservation of immune surveillance may help reduce postoperative infection risk and maintain antitumor immunity,
although no studies have directly confirmed that oxycodone’s immune-protective effects translate into improved clinical
outcomes (such as reduced infection rates or survival benefits). This hypothesis merits verification in future prospective
studies.

Clinical impact of CYP2D6 genetic polymorphism is limited. Although CYP2D6 genotype significantly affects
plasma concentrations of the active metabolite oxymorphone, multicenter studies indicate no significant differences in
analgesic efficacy or adverse event rates among patients with different genotypes. This finding challenges the traditional
concept of adjusting oxycodone dosing based on CYP2D6 genotype, suggesting that oxycodone’s analgesic action is
primarily mediated by the parent compound, with limited contribution from metabolites (approximately 10-20%).
Therefore, for patients with inadequate analgesia, opioid rotation may be more reasonable than simple dose escalation.

Regarding the bidirectional effects of oxycodone on tumor cells. The in vitro studies compiled in this review reveal
a noteworthy phenomenon: oxycodone may promote proliferation in cancer cells with high EGFR expression while
inducing apoptosis in those with low EGFR expression under supraphysiological concentration conditions. This finding
mechanistically suggests that tumor molecular characteristics may influence the biological effects of opioid analgesics.
However, direct extrapolation of these laboratory findings to clinical practice requires extreme caution for the following

reasons.
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First, and most critically, drug concentrations used in in vitro studies (0.01-10 uM) far exceed clinical therapeutic plasma
concentrations (approximately 10-100 nM), a discrepancy of up to 1000-fold. This raises a fundamental question as to
whether the bidirectional regulatory effects described could meaningfully occur in the human physiological environment. The
lack of evidence for such effects at physiologically relevant concentrations constitutes a major limitation of the current
preclinical data. Second, intratumoral EGFR expression exhibits significant spatiotemporal heterogeneity, and a single
molecular marker may be insufficient to predict complex in vivo effects. Third, no prospective clinical studies have confirmed
a causal association between oxycodone use and tumor progression or recurrence. Based on current evidence, the EGFR-
dependent bidirectional effects of oxycodone have been observed only in high-concentration laboratory settings, remain
unvalidated by clinical prospective studies, and are insufficient to alter current clinical guidelines for cancer pain management.
We do not recommend using tumor EGFR status as a criterion for selecting analgesic medications.

Regarding pro-carcinogenic risks of opioid analgesics. This longstanding controversy remains unresolved. Some retro-
spective studies have reported associations between long-term opioid use and increased cancer recurrence risk, but these
observational studies suffer from insurmountable confounding bias: patients requiring higher opioid doses often have more
severe illness, more intense pain, and greater tumor burden—factors that are themselves predictors of poor prognosis. To date,
no prospective randomized controlled trials have directly evaluated the impact of opioid selection on cancer outcomes.

Synthesizing available data, we conclude that: evidence adequately supports the safety of short-term oxycodone use
(<3 months) for acute cancer pain management; for patients requiring long-term opioid therapy, multimodal analgesic
strategies should be employed to minimize opioid exposure, accompanied by individualized risk-benefit assessment.

Conclusion

Oxycodone has earned substantial evidence-based support for postoperative acute cancer pain management. Its K-receptor
agonist activity confers advantages in visceral pain relief, its milder immunosuppressive profile benefits immunocompromised
patients, and the limited clinical impact of CYP2D6 polymorphism simplifies prescribing decisions.

The bidirectional effects of oxycodone on tumor cells—observed only in high-concentration in vitro settings (0.01-10 uM),
far exceeding clinical plasma concentrations (nM range)—should not influence analgesic selection. Current evidence does not
support using tumor EGFR status to guide opioid choice, and short-term use (<3 months) is supported as safe; oncological
implications of long-term use require prospective clarification.

For chronic cancer pain, oxycodone monotherapy shows limited efficacy against neuropathic and bone metastasis pain.”’'*
It should be integrated within multimodal strategies—aligned with the WHO analgesic ladder—combining NSAIDs, gabapen-
tinoids, regional anesthesia, novel delivery modalities, and non-pharmacological interventions.'®'®® Future trials should
incorporate standardized patient-reported outcomes and pharmacogenomic stratification across diverse global populations.

To assist practitioners in translating the above evidence into daily clinical decisions, concise scenario-specific
recommendations are provided in Table 8.

Table 8 Clinical Recommendations for Oxycodone Use in Cancer Pain Management

Clinical Scenario Key Recommendation

Abdominal/thoracic cancer surgery Oxycodone preferred over sufentanil for visceral pain control; consider combination with regional anesthesia
Elderly patients (275 yrs) Start at low dose, monitor for accumulation; avoid concurrent strong CYP3A4 inhibitors

Renal impairment (CrCl <30 mL/min) Reduce dose by 25-50% or extend dosing interval; monitor metabolite accumulation

Hepatic impairment (Child-Pugh B/C) Reduce starting dose 225%; careful titration

Patients with impaired oral absorption Consider transdermal or subcutaneous delivery; intrathecal for refractory cases

Patients concerned about tumor biology Reassure: in vitro bidirectional effects are at supraphysiological concentrations and clinically unvalidated
Long-term use (>3 months) Regularly reassess benefit-risk; add multimodal adjuncts to minimize opioid exposure
Breakthrough pain Use rapid-onset IR oxycodone or transmucosal fentanyl formulations
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