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Abstract

Background: Low-dose methadone in addition to another ongoing opioid therapy is a promising approach for
managing complex cancer-related pain and is, despite limited evidence, used in clinical practice.
Objective: To investigate the use of low-dose methadone in specialized palliative care in Sweden.
Design: Specialized palliative care services in Sweden answered a survey regarding methadone use in individual patients over 12 months.
Setting/Subjects: The survey was an add-on to the Swedish Register of Palliative Care’s (SRPC) mandatory
end-of-life questionnaire (ELQ).
Results: Sixty of 133 invited units (45%) participated in the study. A total of 4780 ELQs were registered. Four
hundred ten of these patients received methadone (9%). In 96% of these patients, methadone was prescribed as an
add-on to ongoing opioid therapy, mostly because of poor pain control due to mixed nociceptive and neuropathic
pain (70%). Methadone was used for a median of 21 days, in 86% of cases until death. Mean daily methadone
doses increased from 7 mg at start to 21 mg ( p < 0.005) during the last 24 hours. Corresponding morphine
equivalent daily doses of other opioids were 184 and 199 mg ( p < 0.05), respectively. A pain-relieving effect was
reported in 94% of the patients. Adverse effects were seen in 20% of the patients; none of these was severe.
Conclusion: The addition of low-dose methadone to an ongoing opioid therapy in patients with complex cancerrelated pain is well established in Swedish specialized palliative care. It appears to have good pain-relieving
effects and to be safe.
Keywords: add-on; cancer pain; methadone; opioid; palliative care
Introduction

C

ancer-related pain is a frequent clinical problem in
palliative care. In a Dutch study, the prevalence of severe pain in advanced cancer was reported to be as high as
66%.1 A review from 2014 reported that approximately one
third of patients with cancer-related pain still do not receive
pain medication proportional to the intensity of their pain.2
Opioids are often effective as a first-line treatment in nociceptive cancer-related pain, but in complex pain situations,
with a combination of nociceptive and neuropathic pain
mechanisms, pain management often remains a challenge. To

optimize treatment, opioids are frequently combined with tricyclic antidepressants, gabapentin, pregabalin, or serotoninnoradrenaline reuptake inhibitors, as well as with steroids
and/or nonsteroidal anti-inflammatory drugs in the case of inflammatory pain components. However, an inadequate response to pharmacological treatment constitutes a substantial
unmet need in patients with complex pain.3
The N-methyl-D-aspartate (NMDA) receptor pathway
is of interest in complex pain as it is involved in the development of hyperalgesia, opioid tolerance, and central
sensitization, resulting in reduced opioid responsiveness.
Methadone is an opioid with unique analgesic properties that
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stimulates regular mu-, kappa-, and delta-opioid receptors.
It exerts NMDA receptor-inhibiting effects and affects the
reuptake of serotonin and norepinephrine in the pain modulating descending tracts in the medulla.4,5
Despite its unique properties, many clinicians are reluctant to use methadone because of complicated pharmacokinetics and numerous drug interactions.6 Methadone has a
complex pharmacokinetic profile and even low doses can
result in an opioid overdose, especially in combination with
high doses of other strong opioids (i.e., morphine, oxycodone, hydromorphone, or fentanyl).6–8 The guidelines from
the European Association for Palliative Care (EAPC) therefore recommend that methadone should only be used by experienced professionals.9
Methadone does not produce superior analgesia when
compared with morphine as a first-line opioid,10,11 especially
when low doses are sufficient in opioid-responsive pain.
Nonetheless, over the last 20 years, based upon methadone
pharmacological properties and anecdotal evidence, there
has been a rising interest among palliative care physicians
for the use of methadone to treat complex pain.10,12–14
However, the actual indications and the extent of the use of
methadone therapy in palliative care are unknown.
Aim(s)

The primary objective of this study was to investigate the
use of methadone for pain management in end-of-life situations in specialized palliative care settings in Sweden. Specifically, we wanted to study the frequency of use, indications,
doses, opioid combinations, and observed adverse effects of
low-dose methadone added to another regular opioid therapy.
Methods
Study design and subjects

In this study, the Swedish Register of Palliative Care
(SRPC) was used to collect data on methadone treatment.
SRPC is a national quality register that contributes to the
research and development of palliative care in Sweden. The
registrations are made by health care staff as soon as possible after the death of a person through an online end-of-life
questionnaire (ELQ). The aim is to collect data from all
deaths in Sweden, irrespective of age, diagnosis, or place of
care. The ELQ provides, among other data, information regarding demographics, diagnoses, prevalence, and changes of
pain intensities, breakthrough pain, anxiety, dyspnea, nausea,
delirium, and death rattles during the last week of life. The
ELQ also examines to what extent the outcome is based on the
use of validated instruments for symptom assessments, for
example, the Visual Analogue Scale (VAS) and the Numeric
Rating Scale (NRS) for pain or the Edmonton Symptom Assessment Scale (ESAS) and IPOS (Integrated Palliative Care
Outcome Scale) for other symptoms. The working method of
the register has been described previously.15 The ELQ reflects
quality of care delivered during the last week of life. In 2016,
10.8% of the 91,029 individuals who died in Sweden were
enrolled in specialized palliative care and registered in the
SRPC.16
All specialized palliative care units in Sweden using the
SRPC were invited to participate in this study. Participating
units had an additional methadone survey added to their
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mandatory ELQ, which contained questions regarding the
use of methadone for pain management in individual patients.
Over 12 consecutive months, completion of the survey form
was mandatory in cases when methadone had been initiated
during a patient’s care episode. The add-on survey was completed by the responsible physician and/or registered nurses.
A typical specialized palliative care team in Sweden is made
up of at least one consultant and a few physicians under
training, several registered district or palliative care nurses,
a social worker, a physiotherapist, and an occupational therapist. The total number of physicians who are specialists in
palliative medicine (a specialty since 2015) in Sweden recently
reached 100 (in a population of about 10 million people).
Generally, the questions included in the ELQ are discussed by
the team and then reported by the physician or nurse in charge.
Analgesic and adverse effects were mainly based on patientreported outcome measures (PROMs). Based on these PROMs,
pain was then assessed and reported at the referents’ discretion.
For example, achieved analgesia was reported on a four-graded
scale as very good (complete or nearly complete analgesic
effect), good (considerable analgesic effect, some remaining
pain, but the patient does not request additional treatment),
moderate (some analgesic effect, requires additional treatment), or of no effect. Occurrence of adverse effects was rated
as present or not. A transcript of the methadone add-on survey
is presented in Appendix 1. Morphine equivalent daily doses
(MEDD) were calculated according to guidelines from MD
Anderson Hospital (Houston, TX).17
Statistics and ethics

Descriptive statistics presenting medians with interquartile
ranges and means with standard deviations were used. Percentages were used to present categorical variables. Differences in proportions were analyzed using the chi-square
test and differences in ratio scales using the t test or, for nonnormally distributed data, the Mann-Whitney test. The Wilcoxon signed-rank test was used to compare opioid doses from
start to the final 24 hours with methadone presented as p-values.
Analyses were performed using SPSS version 25.0.0.1.
Ethics approval (2015/1486-32) was obtained from the
Regional Ethical Review Board (Stockholm, Sweden).
Results

One hundred thirty-three specialized palliative in-care and
home care services were invited, of which 60 units (45%)
from all parts of Sweden participated in the study. Each unit
collected data for 12 months with the first unit starting in
January 2017 and the last unit finishing in June 2018. During
this period, 10,058 individual ELQs were registered by specialized palliative care units, of which 4780 (48%) were
registered by units participating in our study. Methadone was
initiated in 410 patients (8.6%). Seventy-five percent of the
ELQs and add-on surveys were completed by registered
nurses and the remainder by physicians, in most cases after a
team discussion.
Patients

The patients initiated on methadone had a mean age of 68
years (median 70 years), while those not treated with methadone had a mean age of 74 years (median 75; p < 0.001). In
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the methadone and nonmethadone groups, 41% and 55%, respectively, were women. Eighty-seven percent of the patients
on methadone had a cancer diagnosis; the corresponding
number in the nonmethadone group was 82%. Cardiac and
respiratory diseases were less frequent in the methadone
group (3% and 1%, respectively) than in the nonmethadone
group (11% and 6%, respectively). Methadone was initiated
at an in-care unit in 56% and at home in 36% of the patients.
This corresponds to 4.8% and 3.1%, respectively, of the total
cohort of 4780 patients. For 8%, there were missing values
for the type of care setting for initiation.
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Indications for methadone treatment

In most cases (96%), methadone was used as an add-on
medication to an ongoing opioid therapy. Methadone was
initiated due to poor pain control in 74% of the 410 patients,
of which 46% reported a pain level of >6 on a numeric10point rating scale. In 17% of the patients, methadone was
initiated as the primary therapy against neuropathic pain, in
4% to reduce adverse effects from other opioids (e.g., attempts to reduce opioid-induced confusion and sedation), and
in 5% for other reasons.
The pain mechanisms were assessed in 96% of the patients.
Mixed nociceptive and neuropathic pain was the most common pain mechanism (70%) followed by neuropathic pain
(16%), nociceptive pain (11%), and unreported in 3%.
Ongoing regular opioid medication when initiating
methadone treatment

In 394 (96%) patients, methadone was combined with
another opioid (50% fentanyl, 32% oxycodone, 11% morphine, 6% hydromorphone, 1% ketobemidone, and 0.3%
buprenorphine). The total median MEDD at initiation, excluding methadone, was 184 mg (mean 456 mg) and during

the last 24 hours, 199 mg (mean 457 mg; p < 0.05). Two
outliers with a MEDD of 4800 and 7200, respectively, were
excluded from the calculation of mean doses.
Methadone treatment

For opioid doses, see Table 1. Overall, at start and during
the last 24 hours, the mean methadone doses were 7 and
21 mg, respectively ( p < 0.001). The corresponding doses for
methadone used as a single opioid were 10.4–23.0 mg
( p = 0.22) and as a coanalgesic to other opioids were 6.9–
15.5 mg daily ( p < 0.001).
The most commonly used initial prescriptions were 5 mg
(52%) or 10 mg (24%) per 24 hours, once (22%) or twice
(58%) daily. Methadone doses increased during the care
episode in 70% of the patients.
Methadone was used for a median of 21 days (mean 48,
range 1–359). Discontinuation of methadone was due to
death in 86% of the patients. Other reasons were an inability
to swallow tablets (10%), no effect of methadone (2%), or
adverse effects related to methadone (2%).
From initiation to the final 24 hours, the proportion of
patients receiving oral administration of methadone changed
from 72% to 21%.
Analgesic effects

VAS/NRS, ESAS or IPOS was used for assessment of pain
in 84% of the patients.18,19 Methadone was reported to have a
very good or good analgesic effect in 69%, moderate effect in
25%, and no effect in 6% of the patients.
Adverse effects

Fifty percent of patients were assessed using a validated
symptom assessment tool. While 80% of the patients had
no registered adverse effects, sedation and delirium were

Table 1. Opioids
Daily opioid doses (mg) at initiation of methadone

Median (IQR)
Mean (SD)
Range
Corrected rangeb

Methadone

Regular opioids

5 (5–10)
7 (6.2)
1.25–60
1.25–60

184 (45–200)
456 (534)
2–7200
2–3390

Route of administration
Oral
SC
IV
Not reported

No. of patients (%)

a

Daily doses (mg) final 24 hours
Methadone

Regular opioidsa

10 (10–20)
21 (38.7)
1–525
1–525

199 (50–200)
457 (538)
6–7200
6–3240

No. of patients (%)

294 (72)
107 (26)
9 (2)
0

85
188
15
122

(20)
(46)
(4)
(30)

90
239
26
5
50

30
143
49
2
186

(7)
(35)
(12)
(0.5)
(45)

No. of administrations/24 hours
1/24 hours
2/24 hours
3/24 hours
Continuous infusion (IV or SC)
Not reported
a

(22)
(58)
(6)
(1.2)
(12)

Opioids calculated as MEDD.
Corrected ranges when excluding two outliers with doses of 4800 and 7200 MEDD, respectively.
IQR, interquartile range; IV, intravenous; MEDD, morphine equivalent daily dose; SC, subcutaneous; SD, standard deviation.

b
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Table 2. Breakthrough Symptoms
Symptom prevalence

Pain
Anxiety
Delirium
Dyspnea
Nausea
Death rattles

Complete or partial symptom relief

Methadone group (%)

Nonmethadone group (%)

Methadone group (%)

Nonmethadone group (%)

91***
65**
33*
20***
16
48

77
56
27
27
17
48

91***
65**
27*
19**
16
45

76
55
23
26
17
45
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Proportion of patients who experienced episodes of increased symptoms during their last week of life, and proportion of patients who
experienced complete or partial symptom relief.
Significance of difference between methadone and nonmethadone groups: *p < 0.05, **p < 0.01, ***p < 0.001.

reported in 8.5% and 7.3% of the cases, respectively. Some
degree of respiratory depression (not severe enough for treatment discontinuation) was registered in three hospitalized
patients, but none in specialized home care. Of these three
patients, one discontinued methadone because of no analgesic effect. The two others continued methadone until death,
for 52 and 80 days, respectively.
During the final 24 hours, delirious and nondelirious
patients had a methadone dose of median 10 mg (mean 15.8)
and 15 mg (mean 23.8), respectively ( p = 0.46). Corresponding figures for a total MEDD of regular opioids were
median 242 mg (mean 521) and median 195 mg (mean 420),
respectively ( p = 0.49).
Breakthrough symptoms and degree of symptom
relief

The regular ELQ enabled a comparison between the
methadone and the nonmethadone groups of occurrences of
breakthrough symptoms and of degree of symptom relief
during the last week of life. In the methadone group, episodes
of increased pain, anxiety, and delirium occurred more frequently. However, when present, pain ( p < 0.001), anxiety
( p < 0.01), and delirium ( p < 0.05) were also more often relieved in the methadone group. Dyspnea was less common in
patients on methadone ( p < 0.001) (Table 2).
Physicians

Among the physicians initiating treatment with methadone, 92% were consultants, and 80% of these considered
themselves to be experienced in prescribing methadone for
pain treatment. Seventy-six percent of the physicians started
methadone without consulting a colleague. Of those seeking
guidance, a palliative medicine specialist was consulted in
64%, a pain specialist in 14%, and other specialists in 22% of
the cases.
Discussion

In this study with national coverage, we report that methadone is frequently used for the management of complex pain
at the end of life in specialized palliative care in Sweden. It is
mainly used in low doses as an add-on therapy to an ongoing
regular opioid treatment of cancer-related pain, usually with
good effect, and without any reported severe adverse effects.

Despite the reported unique properties of methadone, there
is only limited scientific evidence that it is effective in managing severe pain due to cancer in adults.10,12,20 A Cochrane
review from 2017 considers methadone unlikely to have a role
as a first-line treatment for cancer-related pain, mainly due to
the difficulties around dose titration and the risks of severe
adverse effects.11 Also, a review from Fallon and Laird gives
only a weak recommendation to support opioid combination
therapy.21 It was interesting, therefore, to find that as many as
8.6% of the patients enrolled in specialized palliative care in
Sweden were successfully initiated on methadone.
In patients with a poor analgesic response after opioid dose
escalation, an addition of low doses of methadone to improve
analgesia is reported effective.22 Recent studies have reported that 50%–80% of patients with cancer-related pain
have improved pain control after the addition of methadone,
most likely benefitting from methadone’s NMDA receptorinhibiting properties.14,23,24 Indirectly, in most of our patients, this was supported by the observation that an increase
of the primary strong opioid (with mu-receptor effect) did not
improve pain control, whereas methadone did. However, a
possible, limited synergistic mu-receptor effect cannot be
outruled, as laboratory research has reported a synergistic
effect when combining methadone with morphine or diamorphine, whereas there is only an additive effect when combining with oxycodone or fentanyl.25 In our study, despite
morphine being considered one of the first-line opioids,9
morphine was used in only 11% of the patients. Most patients
were prescribed fentanyl (50%) or oxycodone (32%).
The use of low-dose methadone, in addition to a regular
ongoing opioid therapy for the treatment of complex pain in
advanced cancer, is a promising, but not yet evidence-based
approach. However, the prevalence of, and the more specified
indications for the use of, low-dose methadone has not been,
to the best of our knowledge, previously described. In this
study, we report that in Swedish specialized palliative care,
methadone was used in close to one-tenth of the patients,
almost exclusively (96%) as an add-on low dose to other
opioids and usually due to poor pain control (74%) at the end
of life.
Complex pain is often due to a combination of nociceptive
and neuropathic pain mechanisms and management often
remains a challenge.3,26,27 Therefore, the presence of complex, mixed nociceptive and neuropathic pain in 70% of the
patients in our study was not surprising. It is interesting to
note that methadone was also initiated as a primary add-on
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therapy against neuropathic pain in 17% of the patients. The
setup of the study did not allow us to explore whether these
patients also received traditional antineuropathic pharmacological treatment.
In specialized palliative home care in Sweden, patients
administer their own drugs and usually have visits from the
staff only once or twice a week. This is of importance since
there are concerns about safety in ambulatory settings due to
the inherent risk of respiratory depression and QTc prolongation associated with methadone use.28 In our material,
patients in home care settings were safely initiated on methadone. Our findings are corroborated by two other studies.
Porta-Sales et al. and Hawley et al. described safe and efficacious conversions from regular opioids to methadone in
outpatient palliative cancer clinic settings, using either a
stop-opioid-and-go-methadone approach or a start-low goslow switch to methadone, over up to 18 days.29,30 Weschules
et al. explored the frequency and the utilization patterns of
methadone on 21,219 hospice patients in a home care setting
in Philadelphia in 2003, and found that methadone accounted
for 1.7% of all long-acting opioid prescriptions.31
The reported adverse effects were expected and manageable mu-receptor-related side effects. Only 2% of the patients
discontinued methadone treatment because of adverse effects. Furthermore, the proportion of patients with sedation
and delirium was lower than in earlier reports.14,24
Twenty-eight percent of the patients received methadone
parenterally from the start, almost exclusively through the
subcutaneous (SC) route; only a few received a continuous
intravenous infusion (1.2%). During the last 24 hours with
methadone, the proportion of patients with parenteral administration was 50%, but methadone in continuous intravenous infusion was still uncommon.
SC continuous methadone administration has been associated with erythema.32 However, if the infusion site is rotated
every one or two days or if methadone is diluted, these reactions tend to be mild and manageable.13,33–35 Our findings
indicate that the use of SC methadone injections is both common and practically manageable, thereby providing health
care personnel with a useful tool for preventing complex pain
at end of life.
In our study, 86% of the patients initiated on methadone
stayed on the therapy until death, after a median of 21 days.
During the same period, the total median MEDD of concomitant opioids did not increase more than 8%, despite these
patients being at the end of life and suffering from complex
cancer-related pain. This is consistent with previous findings where the addition of methadone to an ongoing opioid therapy was associated with lower escalation rates or
even decreased doses of regular opioids. At the same time,
pain was significantly improved or maintained at acceptable
levels.14,23,24,36
We recognize some limitations of our study. Voluntary
participation by the specialized palliative care units possibly
resulted in the selection of units already experienced with
methadone, presumably with an inherited positive attitude.
Moreover, adherence to agreed routines for data collection is
a common problem for most registers, and SRPC constitutes
no exception.37 Validated instruments for pain and symptom
assessments were used to a large extent, but, unfortunately,
these are still not routinely used in every unit. When not used,
the reporting was based on subjective judgments by the

FÜRST ET AL.

physician or nurse performing the registration. Consequently,
symptom assessments to some degree depended on the level
of knowledge, skills, and personal attitudes. With 45% of
invited units participating in our study, we cannot claim the
results to be representative of all specialized palliative care
in Sweden but, nevertheless, they describe current national
practice. Strengths include the widespread use of the SRPC
in Sweden and the geographical representation from almost
all parts of the country, enhancing the external validity of
our findings.
Conclusion

The addition of low-dose methadone as a coanalgesic to
another ongoing opioid therapy appears to be a safe way to
benefit from the unique pharmacodynamics of methadone,
especially in patients with complex cancer-related pain at the
end of life. In Sweden, this regimen already appears to constitute a well-established part of the therapeutic arsenal in
specialized palliative home care, in the hands of predominately experienced physicians.
There is a need for further studies. Appropriately designed
randomized controlled trials should confirm the efficacy of
the low-dose add-on methadone approach.
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1. What was the rationale for the prescription of methadone to this patient?
2. What was the main pain mechanism?
3. What was the responsible physician’s highest level of
education?
4. How experienced in the use of methadone was the
responsible physician?
5. If the responsible physician consulted other physicians regarding the prescription of methadone, who
was consulted?
6. Methadone treatment:
Duration of treatment, doses, routes, and number of daily
administrations at start and during the final 24 hours
How many adjustments were made to the methadone
dose during the treatment period?

7. Date and reason for cessation of methadone treatment
(including death)
8. In case of concomitant opioid use,
Which opioid was used?
What was the daily regular dose, as-needed doses at
start and during the final 24 hours, and route of administration?
9. In this patient, how do you appraise the overall analgesic effect of methadone?
10. Were there any adverse effects associated with
methadone? Which ones?
11. Altogether, was the introduction of methadone of
benefit to this patient?
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