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Opioid Analgesics
Old ones
New ones

Very new ones

Dr Andrew Dickman
Consultant Pharmacist

Overview

• History of opioids

• Methadone

• Tramadol

• Tapentadol

• Oliceridine
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• Friedrich Sertürner 1805

• German pharmacist’s apprentice isolated “principium somniferum” 

from opium

• He later called it “morphinum” after God of Dreams - Morpheus

• Published results in a French journal

- morphine

Brief History of Analgesia

• Discovery was of historical significance

• For the first time, an active ingredient of a plant could be isolated:

- dose consistency

- overdose or lack of effect could now be avoided 

Brief History of Analgesia
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Cebranopadol

• A potent nociceptin and mu-opioid receptor agonist
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First pass metabolism

Volume of distribution
Cytochrome P450 metabolism

Half-life

Drug interactions
Dosing

QTc

Bioavailability

Methadone Pharmacology

• Potent inhibitor of the reuptake of both NA and 5-HT 

• Antagonist at NMDA receptors?
- some controversy

- standard methadone doses used for pain are unlikely to 
have any interactions with NMDA receptors*

* Davis MP. Methadone Does Not Block NMDA Receptors. J Pain Symptom Manage. 2021 Sep;62(3):e7-e8.
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Methadone Pharmacology

• Has a single chiral centre
- levomethadone [R (-) methadone]

- dextromethadone [S (+) methadone]

• μ-opioid potency of racemate due to levomethadone
- has ≈ 10 to 30x greater affinity than dextromethadone

• Both:
- inhibit NA and 5-HT reuptake

- ?antagonise NMDA receptor

Levomethadone [R (-) methadone]

Dextromethadone [S (+) methadone]

Methadone Bioavailability

• Mean oral bioavailability of 80% (39-100%)

- range can impact PO:SUBCUT conversion

• Highly lipophilic with a large volume of distribution
- stored in fat and released slowly into the plasma to reach 

a steady state

- long and unpredictable half  life (more later)

• Range of protein binding adds to the interpatient 
variability

Lugo RA, Satterfield KL, Kern SE. Pharmacokinetics of methadone. J Pain Palliat Care Pharmacother. 2005;19(4):13-24.
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Methadone Pharmacology

Methadone Pharmacology

• Risk of opioid toxicity using 1:2 SUBCUT:PO

• Single-blind, multicentre randomized-controlled trial

• Advanced cancer inpatients 

• 1:2 and 1:1.2 studied

• IV or SUBCUT to PO studied
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Methadone Pharmacology

• Pain well-controlled in both groups

• More AEs in the 1:2 group

• Most common side effects were dry 
mouth, drowsiness, and myoclonus

Switching Ratio from Parenteral to Oral Methadone 1:1.2 Is Safer Compared 
with Ratio 1:2 in Patients with Controlled Cancer Pain
González-Barboteo J et al. J Palliat Med. 2021 Mar;24(3):382-390

Methadone Pharmacology

1:1.2 parenteral/oral methadone ratio is a safe option for patients with 
cancer pain

• 1:1 SUBCUT to PO simplest/safest approach to adopt

Switching Ratio from Parenteral to Oral Methadone 1:1.2 Is Safer Compared 
with Ratio 1:2 in Patients with Controlled Cancer Pain
González-Barboteo J et al. J Palliat Med. 2021 Mar;24(3):382-390
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Methadone Metabolism and Excretion

• Methadone undergoes extensive hepatic metabolism

- CYP3A4

- CYP2B6 (is polymorphic)

• Elimination of methadone is predominantly via the 
kidneys

- 20% as unchanged drug 

- < 5% is excreted in the faeces

- remainder metabolites 

Methadone Half Life

• Very long half-life
- mean 20 to 35 hours

- range 5 to 130 hours

• Implications?
- risk of accumulation 

- can take 4 to 10 days to reach steady state

- changes in dose: 4-10 days to achieve new 
steady state
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Methadone Half Life

• Despite long half  life, analgesic effect only lasts:
- 4 to 6 hours during initiation

- 8 to 12 hours with chronic dosing

Drug Interactions
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Drug Interactions

Adverse Effects
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Adverse Effects

Hypoglycaemia has been observed in 
the context of methadone overdose 
or dose escalation. 

Regular monitoring of blood sugar is 
recommended during dose escalation

Adverse Effects

• Over 12m AE reports were obtained from (FAERS)

• September 2012 to March 2019

• 145,404 monotherapy reports were analysed:
– opioid (83,662); NMDAR (16,541); SNRI (45,201)

• Significant number of reports of hypoglycaemia for 
methadone/tramadol vs opioids or NMDAR

Retrospective analysis reveals significant association of hypoglycemia with 
tramadol and methadone in contrast to other opioids 
Makunts T et al. Sci Rep. 2019; 9(1):12490
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Adverse Effects

In patients with recognised risk factors for QT 
prolongation, or in case of concomitant treatment with 
drugs that have a potential for QT-prolongation, ECG 
monitoring is recommended prior to methadone 
treatment, with a further ECG test at dose stabilisation.

ECG monitoring is recommended, in patients without 
recognised risk factors for QT prolongation, before dose 
titration above 100 mg/d and at seven days after titration.

Clinical Use
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Clinical Use

• Methadone can be used:

• First line opioid analgesic (experience practitioners only)

• Second/third line opioid for poorly controlled cancer pain

• Adjuvant analgesia

• Methadone can be used:

• First line opioid analgesic (experience practitioners only)

• Second/third line opioid for poorly controlled cancer pain

• Adjuvant analgesia

• Step 1 – Assess the patient and pain quality

• Step 2 – Determine TDD of PO morphine(or equivalent)

• Step 3 -  Determine methadone dose

• Step 4 – Personalise the regimen

• Step 5 – Review the patient regularly

Clinical Use - Rotating to Methadone

• Step 1 – Assess the patient and pain quality

• Step 2 – Determine TDD of PO morphine(or equivalent)

• Step 3 - Determine methadone dose

• Step 4 – Personalise the regimen

• Step 5 – Review the patient regularly
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Clinical Use - Rotating to Methadone

Methods of Rotation From Another Strong Opioid to Methadone for the 
Management of Cancer Pain: A Systematic Review of the Available Evidence
McLean S et al.  J Pain Symptom Manage. 2015; 50(2):248-259

Clinical Use - Rotating to Methadone

• Always refer to your local guidelines

• PCF recommends a modified version of AL method
- loading dose based on 10% previous morphine dose

- 3 hourly PRN doses based on 1/30th previous morphine 
dose
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Clinical Use - Rotating to Methadone

• Methadone is NOT recommended for PRN analgesia*

- significant accumulation may occur with repetitive doses at 
short intervals

- steady state difficult to determine; increased risk of toxicity

• Standard release morphine, oxycodone or 
hydromorphone preferred

- use 10 to 15% of previous opioid dose 2 to 4 hourly PRN

*Lugo RA et al. Pharmacokinetics of methadone. J Pain Palliat Care Pharmacother. 2005;19(4):13-24.

Tramadol
and 

Tapentadol
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Tramadol

• Entered clinical practice in 1977

• Launched in UK in 1997

• Now one of the most widely prescribed drugs 
worldwide

• It has two chiral centres and is administered as 
a racemate of two enantiomers, (+)-tramadol 
and (-)-tramadol(-) tramadol (+) tramadol

(±) Tramadol

(+) Tramadol (-) Tramadol

Analgesic actions:

•Weak µ-opioid effect (6000x < morphine)

•Serotonin reuptake inhibition

Analgesic action:
•Noradrenaline reuptake inhibition

CYP2D6

(+) M1

Stronger µ-opioid effect
(700x > (±) tramadol)

CYP3A4

Inactive metabolites
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Tapentadol

• Entered clinical practice in UK in 
May 2011

• Classed as a MOR-NRI

• Full μ-opioid agonist 

• Activates α2-adrenoceptors 
(reuptake inhibition)

• No clinical effect on serotonergic 
pathways

Tapentadol

• Tapentadol MOR binding affinity 18 
times lower to than morphine

• Despite lower affinity, provides highly 
effective analgesia

• Analgesic potency approx 3x lower 
than morphine, 5x lower than 
oxycodone (for chronic pain)

100mg tapentadol = 30mg morphine = 20mg oxycodone
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+
SP

Glut

MOR
NOR

Tramadol vs Tapentadol

• Tramadol analgesia derived from 3 discrete entities:
- (+)M1 (affinity for MOR is 5.5x less than morphine)

- (-) tramadol (NA reuptake inhibition)

- (+) tramadol (5-HT reuptake inhibition)

• Tapentadol analgesia derived from single entity:
- affinity of tapentadol for MOR (18x less than morphine)

- NA reuptake inhibition but no clinically relevant effect on 5-HT
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Tramadol vs Tapentadol

• Substantial potency difference between tramadol and tapentadol

• Tapentadol 2-5x more potent than tramadol
– believed to due to better CNS penetration

– although M1 is a more potent analgesic than tramadol, the metabolite has more 
difficulty passing into the CNS 

– tramadol requires metabolic activation – interpatient variation

– CYP2D6 and CYP3A4 genetic variation and drug-drug interactions

Drug Interactions
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(+) M1

(±) Tramadol

(+) Tramadol (-) Tramadol

CYP2D6

(-)-M1

CYP3A4

Inactive 
metabolites

Inactive 
metabolites

CYP3A4
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Clinical Use

Tramadol with or without paracetamol (acetaminophen) for cancer pain
Wiffen PJ et al, Cochrane Database Syst Rev. 2017 May 16;5:CD012508

• Limited, very low quality, evidence from randomised controlled trials that 
tramadol produced pain relief in some adults with pain due to cancer

• Very low quality evidence that it is not as effective as morphine

• Place of tramadol in managing cancer pain is unclear

Clinical Use

Oral tapentadol for cancer pain 
Wiffen PJ et al, Cochrane Database Syst Rev. 2015 Sep 25;2015(9):CD011460 (reviewed 2020)

• Limited evidence from randomised controlled trials

• Available studies:
- were of moderate or small size

- used different designs, which prevented pooling of data 

• Pain relief and adverse events were comparable between the tapentadol 
and morphine and oxycodone groups 
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Clinical Use

Tapentadol in the management of cancer pain: current evidence and future 
perspectives
Kress HG et al. J Pain Res 2019:12:1553-1560

• Tapentadol has been tested in different populations of cancer patients:
- opioid-naïve

- opioid pre-treated

- pain of mixed aetiology, 

- haematological malignancies 

- pain conditions due to anticancer treatment

Clinical Use

Tapentadol in the management of cancer pain: current evidence and future 
perspectives
Kress HG et al. J Pain Res 2019:12:1553-1560

• According to available evidence, tapentadol was well tolerated and 
effective in cancer pain patients

• Analgesia was at least non-inferior to the standard opioids morphine or 
oxycodone
- lower rate of gastrointestinal adverse effects

- low potential for drug–drug interactions
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My own observations

• Combination of tapentadol with another opioid:

- produces better analgesia

- permits dose reduction of opioid and/or adjuvant

• Hope to be able to put this to the test one day!

Ligand Bias
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Oliceridine

• Oliceridine is a G protein-biased ligand with 
reduced activation of the β-arrestin pathway

• Developed on premise it would produce 
analgesia and reduce the risk of adverse 
effects

• Is still uncertain if  oliceridine has a better 
safety profile than conventional opioids
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