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Methadone
From Stain to Pain

Dr Andrew Dickman
Consultant Pharmacist

Overview

• History of methadone

• Pharmacology

• Interactions

• Adverse effects 

• Clinical use
– Opioid naïve

– Opioid switch
– Adjuvant analgesia
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• 19th Century – malaria

• Quinine extracted from the bark of the 
cinchona tree
– from the remote eastern slopes of the 

Andes

– expensive and difficult to get hold of

– the Dutch managed to grow the plants in 
their Indonesian plantations

– synthetic alternative needed

Methadone History

Methadone History

• Significant advances in organic chemistry 
in 19th Century

• Basic product for artificial dyes was 
aniline, which is derived from black coal

• Dye industry boomed in Germany

• 1863 - Tar Dye Factory & Co formed in 
Höchst
– alizarin red

– indigo blue
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Methadone History

• 1883 - dye factory turned into a 
chemical company

• 1884 – Antipyrine
– marked the beginning of the famous 

German pharmaceutical industry

Methadone History

• 1898 Diacetylmorphine
– lauded as a “safe preparation free from risk of addiction”  

• 1911 Dihydrocodeine

• 1916 Oxycodone
– was hoped it would have less dependence

• 1924 Hydromorphone
• 1939 Pethidine

– developed as a potential antispasmodic agent
– was the first wholly synthetic opioid to be marketed
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Methadone History

• 1941 - Hoechst 10820 patented in 1941
– Polamidon

• After WW2, all German patents and trade names 
became spoils of war

• The IG Farben factory in Höchst became a US gain
– became Hoechst AG

– Polamidon became methadone

Methadone History

• Eli-Lilly branded it Dolophine
– “dolor” for pain and “fin” for end

– misconception it was named after Adolf Hitler

• Physeptone was (is) the UK brand name of 
methadone
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Pharmacology

First pass metabolism

Volume of distribution
Cytochrome P450 metabolism

Half-life

Drug interactions
Dosing

QTc

Bioavailability
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Adverse Effects
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Methadone Pharmacology

• 6-(dimethylamino)-4,4-diphenylheptan-3-one

• Potent μ-opioid agonist
- some affinity for the κ- and δ-opioid receptors

• 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 Pharmacology

• In the UK, only racemic methadone available

• In certain EU countries, levomethadone is sold

• Can be given by mouth, rectum or parenterally

• Rapid absorption by mouth

13

14



30/09/2021

8

Bioavailability

• Mean oral bioavailability of 80% (39-100%)
- first-pass metabolism by CYP3A4 possibly CYP2B6 

- P-gp involvement

- auto-induction of CYP3A4

- can impact PO:SUBCUT conversion

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

Distribution

• 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)

- binds primarily to alpha 1-acid glycoprotein

- unbound fraction may vary four-fold

• Range of protein binding adds to the interpatient 
variability
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Metabolism

• Methadone undergoes extensive hepatic metabolism

- CYP3A4

- CYP2B6 (is polymorphic)

- CYP2C19

- CYP1A2, CYP2C9 and CYP2D6

• Possible stereoselective metabolism

- CYP2B6 (dextromethadone)

- CYP2C19 (levomethadone)

Excretion

• Elimination of methadone is predominantly via the 
kidneys

- 20% as unchanged drug 

- < 5% is excreted in the faeces

- remainder metabolites 

• Renal excretion of methadone is pH dependent

- acidification of urine increases elimination
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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

Half Life

• Allow 5 to 7 days before adjusting dose 
again 

• 10 to 14 days in elderly
- elderly have greater fat/muscle ratio

- methadone fat soluble
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Half Life

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

- 8 to 12 hours with chronic dosing

Switching Route

• 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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Switching Route

• 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
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Switching Route

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

• 1:1 SUBCUT to PO most practical 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

Drug Interactions
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Drug Interactions

Reduced action 
of drug(s)

Increased action 
of drug(s)

Adverse effects

Contra-Indications

Drugs known to prolong the QTc interval:

• Amiodarone

• Ciprofloxacin

• Citalopram

• Clarithromycin

• Domperidone

• Erythromycin

• Quinine
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• Sudden cessation of smoking can increase 
exposure
– CYP2B6

Caution

Caution

• CYP2B6/CYP2C19/CYP3A4 inducers

– carbamazepine, enzalutamide, modafinil, phenobarbital, phenytoin, rifampicin

– can reduce concentrations by 50%

– 7 to10 days post-initiation of the enzyme-inducing drug

• CYP2B6 inhibitors

– clopidogrel, paroxetine, sertraline, voriconazole

– risk of toxicity

• CYP3A4 inhibitors

– ciprofloxacin, clarithromycin, erythromycin, fluconazole 

– risk of toxicity
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Drug interactions

• Initiating an inducer
– monitor carefully for increased pain or withdrawal symptoms

– provide rescue opioid for pain (not methadone)

• Discontinuing an inducer
– empirical dose reduction of 25% to 33%

– monitor and give rescue doses as needed (not methadone)

• Initiating an inhibitor
– empirical dose reduction of 25% and monitor risk of toxicity

• Discontinuing an inhibitor
– monitor and give rescue doses as needed (not methadone)

McPherson ML et al.  Safe and Appropriate Use of Methadone in Hospice and Palliative Care: Expert Consensus White Paper. J Pain Symptom Manage 2019:57:635-645

Drug interactions

• Drugs can affect urine pH and methadone clearance:
– ascorbic acid increases clearance

– sodium bicarbonate, topiramate decrease clearance
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Drug interactions

• Methadone-naloxegol interaction

• More AEs reported in patients taking methadone vs 
other opioids:
– abdominal pain and diarrhoea

– opioid withdrawal effects (25mg)

Drug interactions

• Methadone has an inhibitory effect on SERT

• Serotonin syndrome possible
– SSRIs

– SNRIs

– TCAs

– MAOIs
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Adverse Effects

• Methadone is associated with the standard 
opioid AE profile:
- constipation (less than morphine?)

- nausea

- sedation

- respiratory depression

- pruritis

- endocrine-related abnormalities

Adverse Effects
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Adverse Effects

• Retrospective observational study

• N=641

• Linear association between hypoglycaemia
and methadone dose

• Clinically relevant > 40mg/day

Methadone Use and the Risk of Hypoglycaemia for Inpatients

With Cancer Pain
Flory JH et al. J Pain Symptom Manage. 2016; 51(1):79-87

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)

• 4,234 for methadone

• Significant number of reports of hypoglycaemia for 
methadone vs opioids

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

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

Regular monitoring of blood sugar is 
recommended during dose escalation

• Associated with QT prolongation and TdP

• Inhibits voltage-gated potassium channels
– dextromethadone more effective

– net effect is QT prolongation

• Incidence rate is difficult to determine
– different reference values used by various authors

– individuals have variable complicating risk factors 
that predispose

Adverse Effects
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• The following patient factors can increase 
susceptibility to QT prolongation :(1)

– female

– age >65

– electrolyte disturbances

– congenital long QT syndrome

– renal/hepatic impairment

– malnutrition

– sleep apnoea

Adverse Effects

1. Treece JM et al. Comprehensive review on methadone induced QT prolongation and torsades. J Pharmacol Pharmacother 2018;9:66-75. 

Adverse Effects

• QT risk management

• Three categories of monitoring vigilance 
– based on the patient’s goals of care (curative vs. comfort) 

– the role of methadone (first line or second line)

Safe and Appropriate Use of Methadone in Hospice and Palliative Care: 
Expert Consensus White Paper
McPherson ML et al. J Pain Symptom Manage 2019:57:635-645
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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

• Is considered relatively safe in renal failure 
- no active metabolites 
- limited plasma accumulation due to enhanced faecal 

elimination

• In advanced liver disease(Child-Pugh Class C) 
- lower doses
- extended intervals between dose adjustments (10 to 

14 days)

• EAPC recommendations(1) do suggest this practice:
- a weak recommendation that it can be used as a step III opioid of first 

or later choice for moderate to severe cancer pain

• In the hands of experienced practitioners:(2)

- 2 mg to 7.5 mg per day (1 mg BD to 2.5 mg TDS)

- do not increase dose before 5 to 7 days

- do not increase dose by more than 5 mg/day

Clinical Use – First Line Opioid

1. Caraceni A et al. Use of opioid analgesics in the treatment of cancer pain: evidence-based recommendations from the EAPC. Lancet Oncol 2012;13:e58ee68.
2. McPherson ML et al.  Safe and Appropriate Use of Methadone in Hospice and Palliative Care: Expert Consensus White Paper. J Pain Symptom Manage. 2019; 57(3):635-645.
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Clinical Use – First Line Opioid

• 10 papers were reviewed

• No firm conclusions can be drawn from available data
- methadone may be effective as first-line drug in the management of cancer 

pain

- methadone doses tend to remain stable

Methadone as a First-Line Opioid in Cancer Pain Management: A Systematic 
Review. 
Mercadante S et al. J Pain Symptom Manage. 2018; 55 (3):998-1003

Experience converting patients FROM methadone 
TO another opioid is limited and may be difficult

Clinical Use – First Line Opioid
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• Conversion is not linear
- i.e. conversion ratio not fixed

• Higher the dose of original opioid, more 
potent methadone becomes

• Several possible reasons:
- pharmacology

- less cross tolerance

- no active (proalgesic) metabolites

• 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

• A modified version of the AL method may be effective
- a lower dose of methadone is used (1/30th to 1/40th)

- instead of 10% of the previous morphine equivalent

• 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

Day 6:
- calculate dose over previous 2 days and divide by 4; give BD

- give 1/6 to 1/10 (or 10 to 15%) of 24 hour dose q 3h PRN
- if  > 2 PRN doses/day, increase regular dose every 5 to 7 days
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Clinical Use - Rotating to Methadone

Safe and Appropriate Use of Methadone in Hospice and Palliative Care: 
Expert Consensus White Paper
McPherson ML et al. J Pain Symptom Manage 2019:57:635-645

Oral morphine equivalent per day PO morphine:PO methadone ratio

<60 mg Refer to opioid naïve dosing

60 to 199 mg and patient < 65 years of age 10:1

≥ 200 mg and/or patient > 65 years of age 20:1

Clinical Use - Rotating to Methadone

Safe and Appropriate Use of Methadone in Hospice and Palliative Care: 
Expert Consensus White Paper
McPherson ML et al. J Pain Symptom Manage 2019:57:635-645

• Max 30 to 40 mg per day regardless of the previous opioid dose

• Dose should not be increased before 5 to 7 days 

• Dose can be increased by no more than 5mg/day if  dose 30-
40mg/day

• Above 30 to 40mg/day, the dose can be increased by 10mg/day 
(after 5 to 7 days)

• First dose 12 hours after last 12 hourly opioid dose
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Clinical Use – PRN Analgesia

• 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.

Clinical Use – PRN Analgesia

• If  methadone is used, give 10 to 15% 3 hourly PRN
- limit to max 3 doses/day plus use alternatives such as NSAIDs

• Would expect to see less PRN use as steady state approaches

• Be extra vigilant when monitoring
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Clinical Use – Personalise 

• Need to consider interacting drugs
– inhibitors, empirical dose reduction of 25%

– inducers, continue with calculated doses but encourage PRN doses

• Decide on which method to use
– ad libitum (or PCF tweak)

– consensus (popular in the US)

Clinical Use – Monitoring 

• Most critical step

• Monitor for opioid related adverse effects
– e.g. sedation, respiratory depression, myoclonus

– 5 to 7 days after initiation or titration

– 10 to 14 in older patients

• Ensure everyone is aware of potential drug interactions

• If  toxicity is suspected, omit dose(s)until a medical review
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METHADONE

Clinical Use - Adjuvant

• Low-dose methadone as adjunct to current opioid treatment

• Small body of evidence suggesting benefit

• May be useful:
- refractory pain

- patient’s life expectancy is shorter than the time needed for full rotation
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Clinical Use - Adjuvant

Efficacy of low-dose and/or adjuvant methadone in palliative medicine
Chalker C et al. BMJ Support Palliat Care 2019;1–6.

• Non-systematic literature review

• Identified 7 studies
- only 1 randomised control trial; n=18

- variable dosing strategies (1mg to 20mg/day)

• Current literature suggests low-dose methadone may be an effective 
adjunct

• Overall quality of evidence is very low

Use in Cancer Pain

• 6 studies reviewed

• Quality of evidence considered to be low

• Concluded:
- methadone is a drug that has similar analgesic benefits to morphine and has 

a role in the management of cancer pain in adults (although not first line)

- no conclusions can be made regarding differences in efficacy or safety 
between methadone and placebo in the management of neuropathic pain

Methadone for cancer pain
Nicholson AB et al. Cochrane Database Syst Rev. 2017 Feb 8;2(2):CD003971
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Summary

• Wide interpatient variation in response to methadone

- first pass metabolism (affected by drugs and diet)

- genetic variations (e.g. polymorphisms of CYP2B6)

- volume of distribution
 fat distribution

 protein binding

Summary

• Follow local guideline/procedures
- perform a risk assessment including need for ECG

- check for drug interactions and amend dose as necessary

- no more than 7.5mg/day in opioid naïve

- do not increase by more than 5mg/day every 5 to 7 days 

- ideally do not use PRN methadone as rescue analgesia

• HCPs, patient and family need to work together to monitor response

• Methadone may be considered as an adjuvant

65

66


