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Purpose: This review analyzes the factors influencing mucosal administration of opioids, the methods of administration, clinical 
applications, pharmacokinetic parameters, and considerations.
Summary: Inclusion criteria for this review includes English literature from 1984 to the present, with the primary literature search 
conducted on PubMed. The findings indicate that mucosal administration of opioids offers a non-invasive and rapidly effective 
treatment option for chronic and breakthrough pain in terminal cancer patients, which is crucial for improving their quality of life. 
Specifically, rectal administration provides long-lasting analgesia but is slow-acting and has variable bioavailability. Oral administra
tion is more patient-friendly and has higher bioavailability than rectal administration, though some of the drug may be swallowed. 
Nasal administration is well-tolerated, has higher bioavailability than the rectal and buccal routes, and acts quickly, but its effects are 
short-lived and the long-term impact on the nasal mucosa remains unclear.
Conclusion: Current research shows that mucosal opioid administration can relieve pain in advanced cancer patients, but each route 
has pros and cons. Choosing the appropriate method and medication based on the patient’s condition is crucial. Further research on 
integrating these routes to optimize pain management for terminal patients is needed.
Keywords: mucosal, rectal, buccal, nasal, intranasal, opioids, terminal, cancer, pain

Introduction
For patients with terminal illness, particularly those battling advanced cancer, pain is a highly critical symptom that 
profoundly impacts their quality of life.1 Severe pain can set off a cascade of adverse effects, such as agitation, 
arrhythmias, respiratory distress, weakened immune response, shock, and extreme stress.2 These complications not 
only further weaken the patients but also pose life-threatening risks. This highlights the critical importance of effective 
pain management in alleviating the suffering of these patients and optimizing their prognosis.

Opioids are effective means for treating moderate to severe pain and are usually administered orally, which is both 
convenient and cost-effective. However, for some terminal cancer patients, ongoing nausea, vomiting, poor absorption, 
gut obstruction, or mental state changes can make oral medication impossible to use.3 Traditional intravenous or 
subcutaneous injection methods, on the other hand, are prone to causing adverse reactions such as respiratory depression 
in these patients. In such cases, mucosal drug administration may be an excellent alternative. Since the drugs are 
absorbed directly through the mucous membranes rather than the digestive tract, this method avoids issues like nausea 
and vomiting, absorptive impairment, and the effects of first-pass metabolism. Additionally, mucosal drug administration 
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is simpler and less cumbersome, making it an ideal choice for less experienced caregivers—and it can even be self- 
administered by patients with a little guidance.

Morphine, fentanyl, sufentanil, hydromorphone, oxycodone, buprenorphine, and nalbuphine are commonly used 
opioid analgesics. This article reviews the literature on the use of these opioids via mucosal administration routes 
(such as rectal, buccal, and nasal) for pain relief in patients with terminal cancer, aiming to provide references for 
analgesic options for these patients. This review focuses specifically on the evidence for rectal, buccal, and intranasal 
mucosal routes, as these are the most prevalent in clinical practice for this patient population.

Methods
This review includes literature published in English from 1984 to the present. The primary literature search was 
performed on PubMed. The search terms were as follows:

“Mucosal administration” and “Opioids”, “Rectal administration” and “Opioids”, “Buccal mucosal administration” 
and “Opioids”, “Intranasal administration” and “Opioids”, “Mucosal administration” and “Opioids” and 
“Pharmacokinetics”, “Pain management guidelines”.

Routes and Influencing Factors of Drug Transmucosal Transport
Following drug application to the mucosal epithelium, it may cross the mucosal membrane cells through cellular transmem
brane or intercellular pathways (Figure 1).The transcellular pathway involves transmembrane drug transport through epithelial 
cells, whereas the paracellular pathway facilitates intercellular diffusion via tight junctions.4 Drug delivery efficiency is 
principally governed by three physicochemical parameters: (i) hydrophobicity, (ii) molecular mass, and (iii) ionization state. 
Lipophilic compounds preferentially utilize transcellular pathways due to their enhanced membrane permeability. Molecular 
size inversely correlates with tight junction permeability, with smaller entities demonstrating superior paracellular transport.5 

The unionized fraction of drug molecules demonstrates superior membrane permeability compared to ionized species.6 

Pharmaceutical formulations should be pH-adjusted to match mucosal physiological conditions (typically pH 5.5–7.4) to 
optimize absorption while reducing local toxicity. As shown in Table 1, The evaluated opioids exhibit consistent molecular 
properties with comparable molecular weights, similar acid dissociation constants, and uniform lipophilicity profiles.

Figure 1 Schematic diagram of drug transportation routes across mucosal membrane cells.
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Rectal Drug Absorption
The human rectum is the final 15–19 cm segment of the large intestine, stretching from the sigmoid colon to the anal 
canal. Its mucosal surface for drug absorption covers 200–400 cm2.7 The rectum’s venous drainage involves three main 
vessels: the superior rectal vein, which drains the upper rectum and leads to the liver for processing; and the middle and 
inferior rectal veins, which bypass the liver and provide systemic circulation for the lower rectum (the most accessible 
drug administration site). This means that drugs administered in the lower rectum (3–10 cm from the anus) avoid first- 
pass liver metabolism, enhancing their systemic availability8,9 (Figure 2).

Rectal drug absorption is influenced by several factors. Feces can impede absorption, and the rectum’s naturally 
alkaline environment favors the absorption of weakly basic drugs.10 Liquid volumes of 10–25 mL are usually well- 
tolerated, while volumes over 80 mL are often expelled.11

Table 1 Main Characteristics of Opiates: Lipophilicity (Log P), Molecular 
Weight (MW), PKa and Relative Analgesic Potency

Drug Log P MW (Da) PKa Relative Analgesic Potency

Morphine 0.76 285 7.9 1

Oxycodone 0.82 315 8.3 2

Nalbuphine 1.63 357 8.3 1
Remifentanil 1.76 376 8.1 50-200

Hydromorphone 1.84 285 8.5 5

Alfentanil 1.98 417 6.5 10-20
Methadone 3.93 309 8.6 0.5

Sufentanil 3.95 386 8.0 500–1000
Fentanyl 4.05 336 8.4 50–100

Buprenorphine 4.98 468 8.4 40

Notes: Log P corresponds to the logarithm of the ratio of the concentrations of the studied 
compound in octanol and in water: Log P=Log (C oct/C water). Pure antagonists. Partial μ 
receptors agonist.

Figure 2 Rectal Venous Diagram: The superior rectal vein drains into the portal vein, while the middle and inferior rectal veins return to the inferior vena cava, serving the 
portion most accessible for drug delivery.
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Rectal Opioid Administration
Rectal administration is a cost-effective and therapeutically effective method for pain management in end-of-life patients 
who may be unable to use oral medications or injections due to persistent gastrointestinal disturbances (including 
vomiting, malabsorption syndromes, luminal obstruction, immune deficiency, and hemorrhagic diseases). Rectal admin
istration is generally considered an alternative rather than a primary route for analgesic delivery,12 as it is slow-acting and 
has significant inter-individual variability in absorption kinetics. There are also some limitations to its use, such as lower 
patient acceptance and the potential for feces to interfere with drug absorption. However, this route of administration has 
four distinct advantages: long-lasting effect, no need for specialized equipment, minimal training requirements, and low 
implementation costs.

Morphine
Morphine is a classic opioid analgesic with strong pain-relieving effects. When morphine is administered rectally, it 
achieves a systemic circulation proportion of 35% to 71%. Rectally administered morphine in controlled-release 
formulations typically achieves peak plasma concentrations 10–25% lower than equivalent oral doses.13,14 Moreover, 
maximum plasma concentrations are achieved with a delayed Tmax compared to oral controlled-release 
formulations.13,14 Comparative studies between oral and rectal administration of morphine have shown similar analgesic 
effects and comparable safety profiles.13 The single-dose pharmacokinetic-pharmacodynamic study by De Conno et al 
demonstrated that rectal rapid-release morphine had accelerated onset of action and prolonged analgesic duration 
compared with oral administration.15 It is commonly used in patients with moderate to severe cancer pain, especially 
when rapid pain relief is required.

Methadone
Methadone is a long-acting synthetic opioid analgesic with potent pain-relieving effects and an extended duration of 
action. It activates μ-opioid receptors, has a long half-life, and produces minimal active metabolites.16 Rectal adminis
tration of methadone offers high bioavailability (76%),17 rapid absorption (Tmax of 1.4 hours), and a long duration of 
action (at least 10 hours), making it suitable for managing moderate to severe cancer pain, chronic pain, and palliative 
care.18 It is particularly useful for patients intolerant to morphine or those who cannot take oral medications.19 Compared 
to morphine, rectal methadone has a faster onset, longer duration, and lower cross-tolerance. It absorbs quickly, has 
a longer half-life, and does not produce harmful metabolites. Methadone is often preferred when morphine is ineffective 
due to insufficient pain control or adverse effects.20

Oxycodone
Oxycodone is a semi-synthetic opioid that offers stronger analgesic effects than morphine. Rectal administration 
enhances oxycodone’s bioavailability and minimizes the gastrointestinal irritation often seen with oral intake. 
A pharmacokinetic study has shown that the total absorption of oxycodone from suppositories is comparable to 
that from oral administration. While both routes yield similar maximum plasma concentrations (Cmax), the time to 
reach this peak concentration (Tmax) is notably longer with rectal administration (3.1 hours rectally versus 1.5 hours 
orally). Estimates from pharmacokinetic studies place the absolute bioavailability of oxycodone at 45–50%.21 It is 
particularly indicated for patients with moderate to severe cancer pain, especially those who cannot tolerate 
morphine.

Fentanyl
Fentanyl, a highly potent synthetic opioid analgesic, boasts pain-relieving efficacy 50–100 times greater than that of 
morphine.22 There is very limited research on the rectal administration of fentanyl, and no relevant pharmacokinetic 
parameters have been found. The only available study indicates that a rectal dose of fentanyl at 10 μg/kg not only 
achieves higher plasma concentrations than a 2.0 μg/kg intravenous dose but also has a longer duration of action.23 This 
makes it potentially suitable for treating breakthrough pain in cancer patients, especially those who have developed 
tolerance to morphine.24 However, its use may trigger adverse reactions such as nausea, vomiting, and respiratory 
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depression. Therefore, careful dose adjustment and vigilant monitoring of adverse reactions are essential when using 
fentanyl.25

Buccal Administration and Drug Absorption
The buccal route is another attractive transmucosal route for drug delivery because it is easily accessible, has a rich blood 
supply, and allows rapid input of drugs into the circulation, thus avoiding first-pass metabolism.26,27 The buccal mucosa, 
comprising the epithelial lining of the inner cheek and labial vestibule, provides an extensive absorptive surface 
exceeding 50 cm2.28 The lipophilic character of a compound facilitates passive diffusion across the non-keratinized 
stratified squamous epithelium of the buccal mucosa via transcellular pathways. Transmucosal opioid administration 
results in rapid drug absorption, producing distinct pharmacokinetic profiles characterized by early Tmax and steep 
absorption phases. However, this route is optimally reserved for low-dose medications, as any swallowed fraction 
undergoes first-pass hepatic metabolism, significantly reducing systemic bioavailability.

Buccal Delivery Opioids
Buccal delivery is a method of drug administration that involves absorption through the buccal mucosa of the mouth. It is 
characterized by rapid onset of action, high bioavailability, and non-invasiveness. In recent years, buccal delivery has 
gained increasing attention in pain management, particularly for its ability to quickly relieve acute pain, such as 
breakthrough pain in cancer patients.

Fentanyl
Currently, fentanyl is the primary opioid for buccal mucosal administration. Oral transmucosal fentanyl administration 
demonstrates biphasic absorption: 25% undergoes rapid local mucosal uptake, while the remaining 75% experiences delayed 
gastrointestinal absorption following swallowing. The 50% total bioavailability after transmucosal administration shows a 19- 
percentage-point absolute increase over oral dosing (31%).26,27,29 Transmucosal fentanyl achieves breakthrough pain relief in 
10–15 minutes, though marginally delayed compared to intravenous administration’s near-immediate onset (2–5 minutes).30

Multiple transmucosal fentanyl formulations have been clinically available, categorized as: rapidly dissolving, 
effervescent, and buccal tablets.31,32 Provided adequate salivary flow is maintained, the latter formulations achieve 
peak plasma concentrations (Cmax) within 35–90 minutes post-administration. Rapid mucosal absorption accounts for 
48% of the administered dose, ensuring prompt bioavailability for acute pain management.33 Sublingual tablet admin
istration demonstrates a mean bioavailability of 54%, with peak plasma concentrations typically achieved between 
30–60 minutes (median Tmax).34 A Phase III clinical trial demonstrated that doses of 100–800 μg produced a statistically 
significant, though moderate, reduction in pain intensity with onset as early as 10 minutes post-administration. 
A clinically significant 2-point reduction on the 0–10 pain scale was observed within 15 minutes of administration.35

In summary, Fentanyl administered via buccal mucosa is suitable for managing breakthrough pain in patients with 
moderate to severe cancer pain. It can also be used in other situations that require rapid pain relief, such as chronic pain 
management. In palliative care, it serves as an effective alternative method of administration.36,37

Buprenorphine
Buprenorphine exerts its analgesic effects by activating μ-opioid receptors while antagonizing κ-opioid receptors. 
Clinical studies confirm that buprenorphine combines effective analgesia with a benign adverse effect profile and 
minimal risk of addiction or dependence.38 These pharmacological advantages stem from buprenorphine’s dual char
acteristics as a high-affinity partial μ-agonist with prolonged receptor binding kinetics.39,40 Relative to full μ-agonists (eg, 
morphine, fentanyl), buprenorphine demonstrates superior safety characteristics, notably diminished incidence of 
respiratory depression, gastrointestinal dysfunction, immune suppression, and endocrine disruption.

Buprenorphine demonstrates comparable analgesic efficacy to full μ-agonists (morphine, oxycodone, fentanyl) in 
managing chronic cancer-related pain. Current clinical guidelines position buprenorphine buccal film as a preferred first- 
line option for chronic pain management due to its increased bioavailability (46–65%) and expanded range of available 
doses (75–900ug) compared to buprenorphine transdermal systems, particularly in patients requiring long-term opioid 
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therapy.41,42 Buccal administration of buprenorphine is rapidly absorbed, typically reaching maximum plasma concen
tration (Cmax) within 30–60 minutes after dosing.38 Clinical trial data consistently demonstrate excellent tolerability of 
buprenorphine buccal film across all studied populations, with a complete absence of clinically significant respiratory 
depression events.43

Studies have shown that buccal buprenorphine provides sustained analgesia and is generally well-tolerated, although 
it may cause some adverse reactions such as dizziness, nausea, and somnolence.38

Nasal Mucosa Administration
Properties of Intranasal Medications
In recent years, the use of intranasal drug administration has become increasingly popular due to its convenience and 
non-invasive nature.

The mechanism of action of intranasal administration is primarily through two pathways. First, the respiratory nasal 
mucosa contains an extensive vascular network, especially within the erectile tissue of the inferior and middle turbinates. 
Nasal formulations with optimal molecular characteristics can achieve direct systemic absorption through the highly 
permeable respiratory epithelium, thereby bypassing hepatic first-pass metabolism. The second pathway is the olfactory 
route, which provides a unique direct conduit from the nasal epithelium to the cerebrospinal fluid, allowing drugs to 
bypass the blood-brain barrier via axonal transport and perineural spaces. As a result, intranasal administration generally 
achieves higher absolute bioavailability compared to buccal and rectal routes44,45(Figure 3).

However, the efficiency of intranasal drug delivery is modulated by two distinct categories of factors. The first 
category includes physiological variables such as mucosal blood flow, mucus viscosity, ciliary clearance rate, and 
metabolic enzymes. The second category comprises drug characteristics, including molecular size, partition coefficient, 
ionization state, aqueous solubility, and delivery system design.46–48 Drugs with higher lipophilicity are more readily 

Figure 3 The nasal cavity comprises various regions: including the vestibule, atrium, inferior, middle, and superior turbinates; the olfactory region; and the nasopharynx. 
Drug deposition following intranasal administration predominantly occurs in the respiratory zone, which is situated around the inferior turbinate. Partial obstruction of the 
nasal cavity by the turbinates prevents, at least in part, drug deposition on the olfactory epithelium and the nasopharynx. The use of an atomizer device delivers the drug via 
a fine spray over a broad surface area within the nasal cavity.
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transported across the predominantly lipophilic nasal mucosa.46 The optimal molecular weight for nasal mucosal 
absorption is between 285 and 425 Da, with less than 300 Da being ideal. Un-ionized drugs are more easily absorbed 
than ionized drugs.47 The pH of the drug formulation should closely match the physiological pH of the nasal cavity 
(4.5–6.5) to minimize irritation and maximize absorption.48

The distribution of the drug and the volume of administration are also critical. The ideal volume for administration is 
0.2–0.3 mL per nostril, with a total volume not exceeding 1 mL. This volume allows for maximum contact with the nasal 
mucosa.49 Although there is a lack of research on the changes in nasal mucosal absorption brought about by rhinitis or 
nasal congestion, experience suggests that drug absorption is likely to be reduced in such conditions.

Nasal Drug Delivery Methods
Early methods of nasal drug delivery relied on instillation using liquid formulations.50 For instance, intranasal opioid 
administration was conducted by instilling the solution into the nasal cavity using a syringe or dropper, allowing it to 
flow onto the nasal mucosa. This method required patient cooperation and specific head positioning to prevent the drug 
from flowing down the throat or out of the nasal cavity. To achieve optimal mucosal distribution, spray or atomized 
devices, such as mucosal atomizer devices, were developed.51 These devices deliver the drug via a fine mist over a broad 
surface area in the nasal cavity, thereby reducing the incidence of sneezing and coughing.

Moreover, a new intranasal drug delivery system known as the nanovesicular system has been developed.52 Studies 
have shown that, compared to other nasal delivery vehicles and oral treatments in a mouse model, this system enhances 
analgesic effects and has a faster onset of action. It has also been proven to be safe for intranasal administration in animal 
experiments. The anatomical parameters of the nasal cavity are also crucial for drug deposition. With the advancement of 
technology, 3D nasal modeling can be utilized in the future to assess the nasal characteristics of patients before nasal drug 
administration. This allows for the selection of a personalized nasal drug delivery device for each individual to achieve 
the best results.

Intranasally Administered Opioids
Intranasal opioids have significant advantages in the management of terminal cancer pain, as they can rapidly alleviate 
pain and improve the quality of life for patients. As a non-invasive and fast-acting route of administration, intranasal 
opioids have garnered increasing attention in recent years.

Fentanyl
Fentanyl, as a potent opioid, can rapidly relieve pain when administered intranasally. It is considered a well-tolerated, 
non-invasive, safe, and effective route of administration for managing the acute pain of terminal cancer in cancer 
patients.53 Studies have shown that a single dose of intranasal fentanyl spray produces significantly higher plasma 
fentanyl levels and bioavailability than oral transmucosal absorption of fentanyl.54,55 Due to its high lipophilicity (log P: 
4.05) and low molecular weight (336 Da), which facilitate good absorption, intranasal fentanyl is favored. Because of its 
high bioavailability (71%), intranasal fentanyl can take effect almost immediately.56 The time to reach maximum plasma 
concentration after intranasal administration is approximately 12 minutes (range 12–21 minutes), and analgesia can be 
achieved within 5 minutes.57,58

Research indicates that intranasal fentanyl spray is superior to orally transmucosal fentanyl in terms of pain relief and 
exhibits higher bioavailability. In a double-blind, cross-over study, the analgesic effect of intranasal fentanyl spray 
increased in a dose-dependent manner, with the duration of action extending from 120 minutes at a dose of 75 μg to 
240 minutes at a dose of 200 μg.59 Intranasal fentanyl is not only suitable for cancer patients but also for patient- 
controlled analgesia via the nasal route.60 Moreover, it has shown good efficacy in pain management for patients with 
end-stage heart disease.61 However, caution is advised when using intranasal fentanyl in patients with severe chronic 
obstructive pulmonary disease due to the potential risk of respiratory depression.

Intranasal fentanyl has shown good tolerability and safety in both clinical trials and practical applications. However, 
due to its rapid onset of action and potent analgesic effect, intranasal fentanyl may pose a higher risk of addiction. The 
nasal route of administration delivers the drug directly into the bloodstream, which can lead to a rapid increase in drug 
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concentration and thus a higher potential for addiction. Stricter regulation and treatment programs may be required to 
mitigate the risk of addiction. Common adverse reactions include nasal irritation, epistaxis, nasal ulcers, rhinorrhea, 
throat irritation, dysgeusia, nausea, and vomiting. However, these reactions are usually mild and manageable. Compared 
with intravenous administration, intranasal fentanyl causes fewer adverse reactions such as dizziness, nausea, and 
somnolence.62

Prolonged intranasal use of fentanyl may cause irritation of the nasal mucosa. Due to the lack of relevant studies, 
long-term intranasal administration is not recommended and may be more appropriate for situations that require rapid 
onset of action. Future research could further explore the efficacy and safety of intranasal fentanyl in different patient 
populations to achieve personalized treatment. Developing new intranasal fentanyl formulations with higher bioavail
ability and fewer adverse reactions is an important direction for future research.

Sufentanil
Sufentanil, a derivative of fentanyl, exhibits twice the lipophilicity of fentanyl and provides analgesic intensity 5–10 
times greater than that of fentanyl. Its duration of action is twice as long as fentanyl, and both share similarities in 
structure, pharmacokinetics, and efficacy.

In adult studies, the bioavailability of intranasally administered sufentanil was approximately 78%, with a Tmax of 10 
minutes.63 Following intranasal administration, sufentanil achieves 100% bioavailability within 30 minutes, with an onset 
of action in about 10 minutes, providing equivalent clinical effects to intravenous sufentanil at 20 minutes. Intranasal 
sufentanil also demonstrates a lower rate of respiratory adverse effects, such as hypoxaemia, compared to its intravenous 
counterpart.63 A dose of 0.7 μg/kg of intranasal sufentanil provides rapid and effective analgesia for patients with acute 
pain in the emergency department, with efficacy comparable to intravenous morphine for up to 30 minutes.64,65

Morphine
The bioavailability of morphine in aqueous intranasal solutions is relatively low (approximately 10%). This is likely due 
to the compound’s low lipophilicity.66 The efficacy of an intranasal morphine solution containing chitosan has been 
tested in the management of breakthrough pain in cancer patients. Significant pain relief was observed within 5 minutes, 
and local tolerance was good, despite an unpleasant taste in the mouth and nasal irritation.67

A similar study conducted with a morphine solution enhanced by an absorption promoter (oleic acid) also demon
strated pain relief within 9 minutes, with a Tmax of 10 to 30 minutes and a bioavailability of 22%.68

Nalbuphine
A study on the intranasal administration of nalbuphine in infants showed an intranasal bioavailability approaching 50%. 
The administered dose of nalbuphine was 0.1 mg/kg, with a Tmax of 37 minutes and a half-life (t½) of 2.5–3 hours. 
Intranasal administration was found to be safe and well-tolerated in 67% of patients. Thus, intranasal administration may 
offer a safe, non-invasive alternative to parenteral administration of nalbuphine in clinical practice.69

Other Opioids
Besides the previously mentioned agents, studies on intranasal administration of other opioids have been reported; 
however, all exhibit significant limitations: methadone may cause nasal burning,70 oxycodone requires an administration 
volume (up to 0.8 mL) that far exceeds nasal mucosal capacity,71 and hydromorphone is associated with frequent adverse 
events such as pruritus, nausea, and asthenia.72 Given the formulation and safety concerns with these drugs, their clinical 
applicability is limited.

Furthermore, clinical data and pharmacokinetic information on intranasal delivery of alfentanil, remifentanil, and 
buprenorphine are scarce, and thus these agents were not included in this review.

Discussion
This review examines and summarizes the specific methods of relieving pain through the mucosal route using commonly 
used opioid drugs in clinical practice, as well as the key pharmacokinetic parameters (see Tables 2–4), and also provides 
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a detailed comparative analysis of the advantages and disadvantages of the three mucosal drug delivery methods (see 
Table 5).

Regarding adverse effect profiles, all three mucosal administration routes exhibit unique local adverse effects. Rectal 
administration most frequently causes local irritation (rectal discomfort, tenesmus, or mild inflammation) and may be 
perceived as undignified due to sociocultural and psychological factors, leading to compromised adherence in some 
patients and families. Thus, assessing individual circumstances and cultural backgrounds prior to administration is 

Table 2 Summary of Representative Key Descriptive Pharmacokinetic 
Parameters of Transrectal Pharmaceutical of Commonly Used Opioids. If 
Available, Onset and Duration of Analgesic Effects are Also Given

Rectal

Parameter Morphine Methadone Oxycodone Fentanyl

Dosage 30mg/dose 200–3200mg/day 30mg/dose —
Bioavailability (%) 35-71 76 45-50 —

Tmax 1.1h 1.3h 3.1h —

T1/2 4–6h 32h 3h —
Onset of analgesia 10min 30min 1h —

Duration of analgesia ≤6h 6-8h 8–12h —

Abbreviations: tmax, time to maximum plasma concentration; t1/2, elimination half-life.

Table 3 Summary of Representative Key Descriptive 
Pharmacokinetic Parameters of Transbuccal 
Pharmaceutical of Commonly Used Opioids. If Available, 
Onset and Duration of Analgesic Effects are Also Given

Buccal

Parameter Fentanyl Buprenorphine

Dosage 100-200ug/dose 75-900ug/dose
Bioavailability (%) 65-76 46-65

Tmax 28.8–43.8min 2.5–3.0h

T1/2 5.25–13.3h 27.6h
Onset of analgesia 5-10min —

Duration of analgesia ≥1h —

Abbreviations: tmax, time to maximum plasma concentration; t1/2, elim
ination half-life.

Table 4 Summary of Representative Key Descriptive Pharmacokinetic Parameters 
of Transnasal Pharmaceutical of Commonly Used Opioids. If Available, Onset and 
Duration of Analgesic Effects are Also Given

Intranasal

Parameter Morphine Fentanyl Sufentanil Nalbuphine

Dosage 30mg/dose 1.5–2.0ug/kg/dose 0.5ug/kg/dose 0.1mg/kg/dose

Bioavailability (%) 56 71–89 78 50
Tmax 10–30min 12-15min 10min 37min

T1/2 41min 3–4h 158min 2.5–3h

Onset of analgesia 9min 5–7min 10min 30min
Duration of analgesia 4–6h ≥2h ≥2h —

Abbreviations: tmax, time to maximum plasma concentration; t1/2, elimination half-life.
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essential. Buccal administration demonstrates local reactions directly related to drug retention; morphine and similar 
agents commonly cause taste disturbances, with long-term use potentially resulting in xerostomia or, rarely, mucosal 
inflammation/ulceration. Intranasal administration primarily risks damage to nasal cilia from formulation components 
(preservatives or excipients), and chronic use may cause nasal dryness, crusting, or even epistaxis. Although its local 
irritant effects (burning/stinging) are relatively mild, the long-term impact on physiological function remains unclear.

In addition to these clinical considerations, this review has several limitations. The single-language literature search 
may introduce language bias by overlooking critical data from non-English regions and potentially distorting the global 
clinical perspective. Furthermore, routes such as vaginal and sublingual administration—rarely used clinically and 
lacking sufficient research data—were not included, limiting the comprehensiveness of our analysis.

Conclusions
This review demonstrates that rectal, buccal, and intranasal administrations are all safe and effective alternative analgesic 
routes for advanced cancer pain. Specifically, rectal administration offers prolonged analgesia despite slower onset and 
variable bioavailability; buccal administration demonstrates higher patient acceptability and superior bioavailability 
compared with the rectal route, yet carries the risk of drug conversion to oral absorption via swallowing; intranasal 
administration provides the fastest onset and highest bioavailability with better tolerability than the other two routes, but 
has a shorter duration of action, and its long-term safety requires further validation.

These findings hold clear clinical significance: for terminal patients unable to take oral medications or requiring 
injection avoidance, integrating the advantages of different mucosal routes to develop individualized regimens is crucial, 
though authoritative clinical pathway guidance is currently lacking.

To bridge this evidence gap, future research could investigate multi-route combination strategies and develop novel 
formulation technologies to simultaneously optimize analgesic efficacy and enhance mucosal absorption efficiency.

Finally, it needs to be emphasized that opioid use must strictly adhere to the guidance of physicians with independent 
prescribing authority, as this is the fundamental safeguard for ensuring therapeutic benefit while minimizing risks of 
misuse and addiction.
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