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Abstract 

Background  A third of patients with advanced cancer and bone metastasis suffer from cancer induced bone pain 
(CIBP), impeding quality of life, psychological distress, depression and anxiety. This study will evaluate the impact of an 
opioid rotation, comparing methadone rotation with other opioid rotation in patients with refractory CIBP.

Methods  This open-label randomised controlled trial will recruit cancer patients with CIBP and inadequate pain con-
trol despite established baseline opioid and/or intolerable opioid side effects from cancer and palliative care services. 
Participants will be at least 18 years old, with a predicted prognosis of greater than 8 weeks, meet the core diagnostic 
criteria for CIBP, have a worst pain score of ≥ 4 of 10 from CIBP and/ or have opioid toxicity (graded ≥ 2 on Common 
Terminology Criteria for Adverse Events). Participants will have sufficiently proficient English to complete question-
naires and provide informed consent.

Participants will be randomised 1:1 to be rotated to methadone to another opioid. The primary objective is to exam-
ine the impact of opioid rotation in improving CIBP by comparing analgesic efficacy, safety and tolerability in the 
two arms. Secondary objectives will assess changes in the intensity, duration and frequency of breakthrough pain, 
requirement of breakthrough analgesia, overall opioid escalation index, and time taken to observe improvement in 
pain reduction, pain interference and quality of life.

Discussion  Laboratory studies suggest the involvement of neuropathic involvement in the mechanism of CIBP, 
though there remains no clear evidence of the routine use of neuropathic agents. Methadone as an analgesic agent 
may have a role to play in this cohort of patients, thus warranting further exploratory studies.

Trial Registration  Australian New Zealand Clinical Trials Registry No: ACTRN12621000141842. Registered 11 February 
2021.
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Background
Cancer induced bone pain (CIBP) is a common cancer 
pain syndromes with complex pathophysiology, compris-
ing a mix of inflammatory nociceptive and neuropathic 
pain pathways [1]. Approximately two-thirds of patients 
with advanced cancer suffer from varying degrees of 
bone pain, with the most common bone metastases aris-
ing from multiple myeloma, cancer of the breast, pros-
tate, lungs, thyroid, kidneys, and ovaries [2].

The characteristics of CIBP, with mixed mechanism 
pain and the combination of background and break-
through (spontaneous and incident) pain leads to the 
challenges with its management, necessitating a multi-
modal approach [1]. Current treatments for CIBP include 
the use of pharmaceuticals such bisphosphonates and 
anti-RANK-L antibodies, opioids and non-opioid co-
analgesics such as non-steroidal anti-inflammatories, 
corticosteroids, antidepressants and anticonvulsants in 
conjunction with radiotherapy, radio-isotopes and inter-
ventional procedures [1, 3].

Despite increasing knowledge in the pathophysiology 
and mechanism of CIBP, there has been limited transla-
tion into clinical practice to guide the choice of available 
analgesic treatments [4]. Laboratory studies suggest the 
involvement of neuropathic involvement in the mecha-
nism of pain, though there remains no clear evidence of 
the routine use of neuropathic agents [3, 4]. Cancer pain 
typically presents with a significant neuropathic element 
[5], therefore the challenge remains as how to distinguish 
neuropathic pain arising from CIBP from that of overall 
cancer pain. A recent multi-centre, double-blind, rand-
omized trial of pregabalin versus placebo in 233 patients 
with CIBP showed no statistically significant difference in 
average pain or pain interference between both arms [6]. 
Thus opioids remain the mainstay treatment for CIBP, 
despite animal modelling revealing a degree of opioid 
resistance [1] and no evidence to guide the choice of opi-
oids [4].

Our department’s clinical experience in the use of race-
mic methadone as an alternative opioid in patients with 
refractory CIBP unresponsive to morphine or other opi-
oids or those who exhibit dose limiting toxicity has not 
been substantiated by evidence. Our use of methadone 
is influenced by its known antagonistic effects at the 
N-methyl-D-aspartate (NMDA) receptor channel and 
inhibition of the reuptake of serotonin and noradrena-
line [7]. Our retrospective study of 94 patients rotated 
to methadone for refractory CIBP demonstrated that 
70% and 53% of patients achieved a ≥ 30% and ≥ 50% 
reduction in pain respectively, with mean pain intensity 
reduced from 5.6 (SD = 2.1) to 2.6 (SD = 2.5), p < 0.001 
[8]. On completion of the methadone rotation (MR), 
over 70% of patients required an actual lower dose of 

methadone compared to their predicted/ calculated daily 
methadone dose (mean 25.7  mg (SD = 10.9) vs 17.0  mg 
(SD = 8.5)). The mean number of breakthrough opioid 
analgesia used a day reduced from 3.4 (SD = 2.3) to 1.8 
(SD = 1.7), p < 0.001. These results provide preliminary 
evidence that methadone for refractory CIBP might pro-
vide benefits, but this requires confirmation by further 
exploratory studies as at this point there have been no 
other randomised controlled trial evidence for metha-
done in CIBP.

In this study we define refractory cancer pain as can-
cer pain that does not respond to standard opioid and/
or co-analgesic therapy [9]. This study aims to examine 
the impact of opioid rotation to methadone in improv-
ing CIBP compared to other opioid rotation (OOR). We 
hypothesise that compared to OOR, MR in patients suf-
fering from refractory CIBP will result in improvement in 
pain control with a better tolerated side effect profile. We 
will compare analgesic efficacy, safety and tolerability of a 
MR compared to OOR in patients with CIBP.

The secondary aim is to assess changes in the intensity, 
duration and frequency of breakthrough pain, require-
ment of breakthrough analgesia, overall opioid escalation 
index, time taken to observe improvement in pain reduc-
tion, pain interference and patient’s quality of life (QOL). 
We will additionally assess for correlations between 
trough levels of methadone at the end of the study period 
and analgesic response in the MR arm. The protocol is 
outlined according to the Standard Protocol Items: Rec-
ommendations for Interventional Trials guidelines [10].

Methods / design
Study design and setting
This is an exploratory, single site, open-label, randomised 
controlled trial with two parallel arms enrolling 50 can-
cer patients already established on a strong opioid with 
refractory CIBP. Refractory CIBP is defined as worst pain 
score rated at ≥ 4 of 10 on a numeric rating scale (NRS) 
[11] and/or current opioid analgesic resulting in opioid 
toxicity (defined by grade ≥ 2 on Common Terminology 
Criteria for Adverse Events Version 5.0, (CTCAE) (Addi-
tional file 1) [12]. Patients will be rotated from their usual 
opioid to racemic methadone or from usual opioid to 
another strong opioid (morphine, oxycodone or hydro-
morphone) based on best practice guidelines [13]. Partic-
ipants will be followed up for 14 days following rotation.

Participants and recruitment
The study will be conducted at an 850 bed metropolitan 
hospital in Melbourne, Australia. Patients with a solid 
tumour or haematological cancer diagnosis with a pre-
dicted prognosis of greater than 8 weeks will be recruited 
from the oncology and palliative services. Eligible 
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patients 1) will be at least 18 years old; 2) have confirmed 
bone metastasis, with CIBP being the dominant pain. 
Bone metastasis will be confirmed through radiological 
investigations and patients must meet the core diagnostic 
criteria for CIBP as defined by The Analgesic, Anesthetic, 
and Addiction Clinical Trial Translations, Innovations, 
Opportunities, and Networks-American Pain Society 
(ACTTION-APS) (Table 1) [14]; 3) patients must already 
be established on a strong baseline opioid (Step 3 of 
WHO ladder) pre-enrolment [15] but continue to report 
a worst pain score from the site with CIBP of ≥ 4 of 10 on 
a 0–10 numeric rating scale (NRS) and/ or present with 
opioid toxicity (CTCAE grade ≥ 2) [12] resulting from 
their existing opioid. Participants with pain arising from 
other sites e.g. liver metastasis causing visceral pain will 
be eligible for the study but we will only be recording 
sites where CIBP are reported and all pain assessments 
will pertain to the CIBP.

Nerve conduction velocity and diagnostic electromyo-
graphy will not be used as part of the diagnostic criteria 
for the neuropathic element of CIBP as the diagnosis will 
be made purely on clinical assessment as stated in Table 1 
below.

Participants will be excluded if they received radiother-
apy within 1 week of enrolment, have a QTc > 500 ms on 
an electrocardiogram [16], are not sufficiently proficient 
in English to be able to complete questionnaires and pro-
vide informed consent or deemed unsuitable to partici-
pate in the study for clinical reasons as determined by the 
treating physician.

Study procedures
The study procedure is shown in Fig.  1. Referring clini-
cians will refer possible eligible patients to study inves-
tigators. Patients will be screened against the study 
inclusion and exclusion criteria and eligible patients will 
be provided with a participant information and con-
sent form. Agreeable patients will sign a consent form 
with the study investigator and in-patient admission for 
ambulatory patients will be organised.

Randomisation
The study will be conducted in an in-patient setting. Par-
ticipants will be randomised by an independent randomi-
zation administrator to either MR or OOR in a 1:1 ratio 
using a computer-generated random number sequence 
with varied block sizes of 2, 4 and 6. Concealed alloca-
tion was used using opaque numbered envelopes that 
were sealed (closed and glued), stored in a locked drawer 
and accessed only at the point of randomisation. The par-
ticipant will be enrolled and allocated by the clinician 
researchers.

As this is an early exploratory study with a limited 
budget, participants will not be blinded to the interven-
tions. Investigators conducting follow up assessments 
are also not blinded to the intervention to facilitate dose 
titration to mitigate the risk of toxicity.

Study arms
Methadone rotation
MR will be implemented using the rapid conversion 
Stop-and-Go method [16, 17]. The pre-MR long acting 
opioids will be converted to oral morphine equivalent 
daily dose (OMEDD) using established opioid conversion 
ratios [17]. The calculated daily dose of oral methadone 
(DDOM) will be obtained using published morphine-
methadone conversion guidelines [16]. The prescribed 
DDOM on MR initiation (Day 1) will be determined fol-
lowing clinician assessment; taking into consideration 
medication interactions, hepatic impairment, the poten-
tial for tolerance to previous opioids and physiological 
changes affecting volume distribution, particularly if the 
calculated DDOM exceeds 30 mg [16–18]. Pre-MR long 
acting opioid will be ceased, and racemic methadone 
administered in three or four divided doses. The dos-
ing and frequency of methadone administration will be 
adjusted according to clinical effect and observed toxicity, 
with the aim of twice or thrice daily dosing for improved 
adherence on discharge. Methadone dose adjustment will 
be limited to ≤ 5 mg/ day following recommended prac-
tice [16].

Table 1  Core diagnostic criteria for cancer induced bone pain: ACTTION-APSa [14]

a Analgesic, Anesthetic, and Addiction Clinical Trial Translations, Innovations, Opportunities, and Networks-American Pain Society

1. History of primary or metastatic bone cancer diagnosed using imaging and physical examination

2. Presence of continuous, background pain (usually described as annoying, dull, gnawing, aching, and/or nagging) in 1 or more locations generally 
consistent with known distribution of bone lesions

3. Presence of evoked or spontaneous pain (often described as electric or shock-like) in 1 or more locations generally consistent with known distribu-
tion of bone lesions, associated with weight bearing or movement or can occur spontaneously

4. Clinical examination over the site of pain reveals:
  • Hyperalgesia to blunt, non-noxious pressure or pin-prick stimuli
  • Hypoesthesia to non-noxious thermal stimuli
  • Hypoesthesia to light touch stimuli
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Other opioid rotation
Opioid rotation with opioids other than methadone will 
be implemented based on established opioid conversion 
ratios [17]. Clinicians who are study investigators will 
decide which opioid (morphine, oxycodone or hydro-
morphone) to switch to depending on participant opioid 
history, allergy profile and hepatic and renal function. 
We will use clinician discretion when considering dose 
reduction on rotation as per established guidelines. Opi-
oid dose escalation will occur as per clinical indication 
during the study period following rotation and will be 
guided by clinician judgement.

In both intervention arms, participants will continue 
to use immediate release and/or rapid onset opioids (not 

methadone) for breakthrough analgesia. There will be no 
limitations set on the number of breakthrough analge-
sics used. Use of adjuvant co-analgesic medications such 
as NSAID, trazodone, acetaminophen, or Tramadol [15] 
are permitted but titration of these medications will be 
restricted during the study period to ensure the observed 
changes in pain intensity is attributable only to the study 
intervention. Breakthrough medications administration 
daily will be obtained from the in-patient electronic med-
ication chart or patient recording on the provided medi-
cation diary. Adjustment to laxatives and other drugs 
used for usual symptom benefit are permitted.

Participants will remain as an in-patient until stable 
opioid dose is achieved (a stable dose is defined when 

Fig. 1  Study Procedure
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worst pain intensity is less than 4/10, with acceptable 
adverse effects (CTCAE grade < 2). Following discharge, 
participants will be followed up for a total of 14 days from 
initiation of study intervention. All follow up assessments 
will be conducted face to face or over the telephone.

Data collection and measurement tools
Data will be sourced from the clinical records, elec-
tronic prescribing records and directly from participants. 
Baseline and ongoing data collection are summarised in 
Table 2.

Baseline data
We will collect the following data to ensure baseline 
comparability:

•	 basic demographics (age, gender, primary cancer 
diagnosis and sites of known bone metastases).

•	 current analgesic use e.g. baseline opioid use con-
verted to OMEDD, breakthrough and co-analgesic 
use

•	 pain types (e.g. continuous/background pain, evoked/
spontaneous incident pain, neuropathic) and perfor-
mance status.

•	 history of oncology-specific therapy, radiotherapy, 
denosumab and bisphosphonate use.

Ongoing data collection will occur using 
the following validated instruments

a) Douleur Neuropathique 4 (DN4) is a screening 
tool for neuropathic pain consisting of interview 
questions (DN4-interview) and physical tests. A 
score of ≥ 4/10 suggests neuropathic pain [19].
b) EuroQol Thermometer measures health status, 
ranging from worst to best possible health state [20].
c) Hospital Anxiety and Depression Scale (HADS) is 
a self-rating scale to assess psychological distress in 
non-psychiatric patient [21].
d) Australia-Modified Karnofsky Performance Scale 
(AKPS) measures the patient’s overall performance 
status or ability to perform their activities of daily 
living [22].
e) Breakthrough pain Assessment Tool (BAT) assess 
the frequency, duration, severity and effect of break-
through analgesia on breakthrough pain [23].
f ) Brief Pain Inventory (BPI) assesses pain interfer-
ences and patient satisfaction with pain relief [24].
g) Numerical Rating Scale (NRS) (0-no pain to 
10-pain as bad as can be imagined) is used to rate 
pain on a defined scale [11].
h) Common Terminology Criteria for Adverse 
Events (CTCAE) grades for opioid toxicities, eval-
uating for somnolence, respiratory depression, 

Table 2  Measures used

ACTTION Analgesic, anesthetic, and addiction clinical trial translations, innovations, opportunities, and networks American pain society, ECG Electrocardiogram, DN4 
Douleur Neuropathique 4, AKPS Australian Karnofsky Performance Status, HADS Hospital Anxiety and Depression Scale, BAT Breakthrough Pain Assessment Tool, BTP 
Breakthrough pain, BPI Brief Pain Inventory, CTCAE Common Terminology Criteria for Adverse Events, NRS Numeric Rating Scale

Eligibility Baseline Day 0 Day 3 Day 5 Day 7 Day 10 Day 14

Hematology and Biochemistry screen 
(FBC/LFT/U&E)

 ×  x

ACTTION Criteria  × 
ECG  × 
Reviews
  Clinical review—doctor  × 
  Clinical review—nurse  ×   ×   ×   ×   ×   × 

Measures/Assessmens
  DN4  × 
  AKPS  × 
  EuroQOL  ×   ×   × 
  HADS  ×   ×   × 
  BAT  ×   ×   × 
  Daily BTP medication assessment  ×  × ×  ×  ×  × 
  BPI × × ×
  CTCAE × × × × × ×
  Worst Pain NRS × × × × × ×
  Average Pain NRS × × × × × ×
  Semi-structured interview ×
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confusion, hallucinations, nausea, vomiting, con-
stipation, pruritus/ itching, and dry mouth [12].
i) Routine blood tests and trough methadone levels

We collected routine haematology and biochemis-
try screens for all patients. We additionally elected to 
measure the trough level of methadone, which indicates 
the lowest concentration of methadone in the body 
after the drug has been broken down and metabolized 
by the body. Through levels are measured immediately 
before the next dose is given. Studies have indicated 
that for optimum efficacy, methadone trough levels of 
about 400–500  ng/ml are required [25]. We thus col-
lected a minimum of 2mls of whole blood in a fluoride 
oxalate blood collection tube, between 30 min and 1 h 
before the next dose was due.

Primary outcome
The primary outcome will be changes in worst and 
average pain intensity on day 14. A significant response 
is classified as ≥ 30% pain reduction and substantial 
response as ≥ 50% pain reduction. The proportion of 
responders in each group will be calculated.

Secondary outcomes
The following outcomes will be compared between the 
two intervention arms:

a) Breakthrough pain intensity, duration and fre-
quency
b) Frequency of breakthrough analgesia adminis-
tration at each time point (averaged over the pre-
ceding 3-days)
c) Treatment safety and tolerability using compos-
ite CTCAE scores
d) Time taken to observe improvement will be 
calculated as the difference between baseline data 
and first date with ≥ 30% pain reduction.
e) Opioid escalation index (OEI%) [26], a surrogate 
marker of opioid responsiveness will be calculated 
using the following formula at day 14:

f ) Changes in EuroQOL, HADS, total pain inter-
ferences score and patient satisfaction with pain 
relief.
g) Correlation between analgesic response trough 
methadone levels at day 14.

Total daily dose at day 14−Total Daily dose at day 1
Total daily dose at day 1

14
× 100

Study failure/withdrawal
Patients who developed severe adverse reactions likely to 
be secondary to MR or OOR, such as delirium will have 
their treatment discontinued and alternative analgesics 
prescribed as per usual clinical processes. Patients who 
develop complications unrelated to treatment such as 
pathological fractures or malignant spinal cord compres-
sion and those who require invasive analgesic techniques 
or radiation therapy during the study will be withdrawn. 
Data will.continued to be collected up to the point of 
withdrawal and included in the analysis plan. Alladverse 
events will be reported to the trail monitoring committee 
and participants will beoffered opportunities to seek sup-
port for any adverse outcome.

Sample size and power
This is an exploratory study. We chose to recruit 50 par-
ticipants (25 per arm) to this study based on the absence 
of any preliminary data related to timing to pain reduc-
tion and change in pain intensity for those treated with 
methadone and assuming that methadone is equivalent 
to other opioids in relation to the expected proportion 
of patients reaching > 30% or 50% pain reduction [27]. 
Additionally, the sample size estimations were based on 
similar studies [28], and based on variance minimisation 
stratagem [29]. This sample size will be feasible in terms 
of recruitment, will have 80% power to detect a large 
treatment effect (Cohen’s d = 0.8) and also provide the 
ability to adjust the analysis for potential baseline differ-
ences between study arms.

Statistical analysis
The summary statistics will be reported as mean (SD) 
or median (IQR) for continuous data and N (%) for cat-
egorical data. The results of all regression models will be 
reported as point estimate with 95%CI as appropriate. 
Level of significance was mentioned as a standard pro-
cedure, but all results will be interpreted with respect to 
both statistical significance and clinical relevance/impor-
tance. Between group differences will be assessed using 
either Student T-test or Wilcoxon rank-sum test for con-
tinuous data or either Chi2 or Fisher’s exact test for cat-
egorical variables. Additionally, standardised difference 
between two groups will be calculated and values > 0.1 
will be indicative of between group imbalances.

A mixed effect model will be used to assess the longitu-
dinal differences in pain reduction, opioids escalation and 
quality of life measures between methadone and other 
opioids groups. Survival analysis will be used to compare 
time to event outcomes (i.e. time taken to observe pain 
improvement). Kaplan-Meyer survival curves will be 
constructed and either log-rank test or Cox proportional 
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hazard model will be used. Spearman correlation will be 
used to examine any correlations between reduction in 
pain intensity and QOL score, HADS and other relevant 
continuous outcomes.

As stated in the study protocol, all data collected until 
patient’s withdrawal from the study or death will be 
included in the data analysis and for the basis for the pri-
mary analysis.

The sensitivity analysis for the primary outcome will be 
considered, subject to study completion rate, and will be 
performed using LOCF, worst/best case scenario impu-
tations. This will be detailed in the final manuscript of 
the completed randomised controlled trial as appropri-
ate. The analysis will be performed using Stata16 [30] and 
p < 0.05 will be considered statistically significant for all 
tests.

Quality standards
Randomization and blinding
In view of logistical and financial considerations, this 
study will be an open-label study with both participants 
and study investigator/ clinicians administering the inter-
vention being aware of treatment allocation. Research 
statistician and research support staff assisting with data 
entry will be blinded to allocation.

Following randomisation, the clinical trial pharmacist 
will be notified to ensure dispensing of the appropriate 
medication. The participant ID, date of request, prepara-
tion and dispensing will be recorded in a log maintained 
by the site pharmacist for each randomisation.

Staff training
Clinicians and research staff involved in the study will 
be trained on screening and approaching patients for 
recruitment, consent, data collection, coding and storage. 
Staff will also be trained on identifying risk, managing 
adverse effects and how to deal with any distress that the 
participants may display whilst completing the study and 
how to refer appropriately for support.

Data monitoring and confidentiality
A data monitoring committee will include an independ-
ent pain clinician, pharmacist and.researcher to provide 
ongoing oversight into early results and ensure adherence 
to the research protocol. Data will be stored in a secure 
database with information and measurements stored 
independently from identifiable personal information to 
ensure confidentiality. Findings of the study will be pre-
sented at national and international meetings and pub-
lished in peer reviewed journals.

Limitations
This study is limited by it being a single site, non-blinded 
study with a small sample size. The research team’s explora-
tory work identified the lack of use of methadone as a 
primary analgesic in many potential collaborative sites 
(most use it as an adjunct analgesic). It is hoped that this 
preliminary work will increase the confidence of sites in 
considering enrolment in a subsequent multi-site study. 
Additionally, it is difficult in cancer pain studies to limit 
other confounding factors such as radiotherapy and the use 
of bisphosphonates that may influence pain outcomes and 
as such a pragmatic approach was used in the study design.

Conclusion
CIBP continues to be a source of much suffering for can-
cer patients, warranting exploration of novel treatment 
options. Methadone as an analgesic agent may have a role 
to play in this cohort of patients, thus warranting further 
exploratory studies.
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