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Background: Opioid rotation (OR) is used to decrease patients’ cancer-related pain and mitigate opioid-
induced adverse effects. There is limited evidence regarding its effect on symptoms and morphine equivalent
daily dose (MEDD). The objective of this study was to investigate the effects of OR on pain scores,
Edmonton Symptom Assessment Score (ESAS), and MEDD in patients with cancer.

Methods: Retrospective observational study in an outpatient supportive care clinic using a within-subject
design to analyze data collected over 34 months. Study included 676 patients with 217 rotations identified
in 128 patients at supportive care clinic at a National Cancer Institute (NCI) Cancer Center. OR were
identified and analysis compared the pre-visit data with the subsequent post-visit data following OR using
paired z-tests. Primary endpoints included pain scores, total ESAS, and MEDD for OR and these endpoints
were compared amongst rotations to specific opioid analgesics.

Results: Following OR, there was a statistically significant reduction in mean pain scores from 6.25 at the
pre-visit to 5.75 following OR. Of the 194 ORs, 29.90% were successful in reducing patients’ pain by either
30% or by 2-points. Only rotations to morphine, oxycodone, and methadone correlated with significant
decreases in pain scores. Overall, OR did not correlate with significant changes in ESAS or MEDD. Only
rotations to methadone correlated with a significant reduction in MEDD.

Conclusions: These findings suggest OR is associated with decreased pain scores without increasing
MEDD. Of the agents compared, only rotations to methadone correlated with both a significant reduction
in pain scores and in MEDD.
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Assessment Score (ESAS)
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Introduction

Pain is the primary reason for referral to outpatient
palliative care (1) and opioid agonists remain the preferred
treatment for cancer-related pain (2,3). A Cochrane review

found 19 out of 20 people with moderate or severe pain

able to tolerate opioids, experienced reduced pain within
14 days (4). Pain control in the palliative care setting can
be complicated by many factors including progression of
disease (5), analgesic tolerance (6), non-medical opioid
use (NMOU) (7-9), and side effects such as sedation and
delirium (10). These side effects, along with severe pain
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(11,12) are major clinical challenges that may be mitigated
by opioid rotation (OR), where one opioid is switched for
another.

There is a growing body of literature documenting the
effects of OR on pain and other patient-related outcomes as
well as equianalgesic dosing conversions to help determine
an appropriate dose once an agent is selected (13-15).
However, a systematic review from the European Palliative
Care Research Collaborative reported that ‘firm evidence’
for the benefits of opioid switching is still missing, and there
is limited evidence comparing ORs to help guide clinical
decision-making (16).

While several studies have determined equianalgesic
ratios and effects of OR on pain, symptoms assessments,
and morphine equivalent daily dose (MEDD) (11,14,17),
there is limited data comparing OR across several specific
opioids that utilize subjective but quantitative outcomes
such as pain scores and symptom assessment tools.
The objective of the present retrospective study was to
investigate the associations of OR overall on pain scores,
total Edmonton Symptom Assessment Scores (ESAS), and
MEDD in a cohort of palliative care patients. A secondary
objective was to compare rotations from a different opioid
to the following agents: morphine, oxycodone, methadone,
hydromorphone, fentanyl, and hydrocodone. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-325).

Methods

An observational retrospective chart review of 676
supportive care clinic patients seen at a National Cancer
Institute (NCI) cancer center from August 2012 to June
2015 across 3,373 supportive care visits. Patients, ages
18 years or older with at least two consecutive visits were
included (n=456). Patients were included for analysis if
they underwent an OR: operationally defined as a change
in a patient’s opioid analgesic pain regimen from at least
one opioid to a different opioid without the addition
or subtraction of any other opioid analgesics (n=128).
Demographic data was also analyzed for patients that did
not undergo an OR (n=328). The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the IRB at Virginia
Commonwealth University (HM14594) and individual
consent for this retrospective analysis was waived.

A total frequency of rotations (n=217) was analyzed as
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some patients underwent more than one OR during the
timeframe that this data was collected. The “pre-visit”
was defined as the first of two subsequential visits and the
“post-visit” was the second of two subsequential visits.
The average time between all pre-visits and post-visits was
34.47 days. Data collected from subsequent visits where a
rotation did not occur were also included for comparison
(n=2,099). If data from either the pre-visit or post-visit were
not available with regards to pain scores, ESAS, or MEDD,

it was not included for analysis.

Patient-related endpoints

Patient characteristics included age, sex, and race/ethnicity
per electronic medical record (EMR) review. For patients
that underwent an OR, rotations were analyzed with data
collected from the pre-visit at which point the patient’s
endpoints were assessed and compared to their consecutive
subsequent visit, or post-visit. The primary endpoint for this
observational retrospective study was reported pain scores
for both the pre-visits and post- visits. A “successful” visit
was operationally defined as a 30% or 2-point reduction in
pain scores at the post-visit (11). Additional criteria such
as reduced side effects, lack of worsening of pain score
with change of route of administration, and continued use
of new opioid at subsequent visit were not included in the
definition of “successful” rotation for this study due to
unavailability of this data. An “adverse” visit was defined as
a 30% or 2-point increase in pain scores at the post-visit.
Similar data was compared for subsequent visits in which a
rotation did not occur.

Further endpoints analyzed in this study compared
post-visit symptom scores following an OR with pre-visit
symptom scores. The Edmonton Symptom Assessment
System (ESAS) scores were analyzed in this study. The total
ESAS has been used in the palliative care clinical setting and
in research, with higher scores indicating greater symptom
burden (18). Morphine Equivalent Daily Dosages (MEDD)
were also compared. MEDD calculations standardize dosing
across the various opioid analgesic agents to compare total
opioid dose with morphine as the standard (19). MEDDs
were calculated using parameters previously described
over 24 hours: morphine doses were multiplied by a factor
of 1, oxycodone doses were multiplied by a factor of 1.5,
methadone doses by a factor of 5, hydromorphone doses by
a factor of 4, fentanyl transdermal doses (pg/hour) by 2.4
and used as (ing/day), and hydrocodone doses by a factor of
1.5 (14,17). Doses included in the analysis were determined
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Table 1 Patient characteristics

Patient characteristics

Patients with an opioid rotation (n=128), n (%)

Patients without an opioid rotation (n=328), n (%)

Age, years Average 52.19
18-39 19 (14.84)
40-59 78 (60.94)
60-79 29 (22.65)
>80 2 (1.56)

Sex
Female 68 (53.13)
Male 60 (46.88)

Race/ethnicity
Asian 0 (0.00)
Black 46 (35.94)
Caucasian 79 (61.72)
Hispanic 3(2.34)
Other/unknown 0 (0.00)

Average 56.00
31 (9.45)
173 (52.74)
114 (34.76)
10 (3.05)

161 (49.09)
167 (50.91)

4(1.22)
136 (41.46)
179 (54.57)

0 (0.00)

9 (2.74)

by prescriptions in the EMR at the time of the visits and
included the full PRN or “as needed” doses available within
a 24-hour period.

Analysis was also performed to describe the effects of
rotating to particular opioid analgesics. Data is expressed
for ORs as a whole, as the specific opioid rotated to, and
as visits without an OR. For clarity, the drug rotated to
would be the opioid analgesic the patient was on between
the pre-visit and post-visit with an active prescription at
the date of the post-visit. An OR to one opioid did not
exclude its analysis if an additional OR occurred during
the same visit. If a visit resulted in multiple ORs, it was
counted as one total OR but could be reflected in multiple
specific drug ORs.

Statistical analysis

All patient characteristic measures were summarized
using frequencies, percentages, and means in Table 1. Pain
scores, total ESAS scores and MEDDs are expressed with
mean and 95% confidence intervals in Tubles 2-4. Data
analysis of ORs compared the endpoints (pain scores, total
ESAS scores, and MEDDs) using a within-subject paired
t-test with P values reported. Statistical significance was
determined by P value less than 0.05 (alpha). Statistical
analysis and descriptive data results were performed using
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Prism 8.0 (Graphpad Software Inc., San Diego, CA).

Of the 676 patients seen across 3,373 supportive care visits,
128 patients underwent an OR, 328 did not undergo OR,
and 220 had only one visit. Table I outlines the patient
characteristics for those that underwent an OR and those
who did not. There were no differences in demographic
data. The interval of time between visits in which an OR
occurred was significantly shorter with a mean of 29.55 days
compared to mean interval period of 35.32 days for visits in
which OR did not occur (P=0.03).

Tuble 2 shows the effect of OR on mean pain scores.
There was a statistically significant reduction in mean pain
scores from 6.25 at the pre-visit to 5.75 (P=0.001) at the
post-visit following OR with 29.90% (n=194) considered
as “successful” visits (see methods section) compared
to 24.49% “successful” visits without an OR (n=1,866);
13.92% of visits that included an OR were considered
“adverse” visits (see methods) compared to 18.65% without
an OR. The baseline mean pain scores for visits in which an
OR occurred were significantly higher than those without
an OR. Rotations to morphine, oxycodone, and methadone
all correlated with significant decreases in overall pain
scores at the post-visit following OR while rotations to
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Drug rotated to Numper of Pain score (0 to 10), mean (95% Cl) Percent §uccessful Percen.t adverse
rotations Pre-visit Post-visit P value rotation (%) rotation (%)
Morphine 64 6.59 (5.97,7.22) 6.03 (5.39, 6.69) 0.017* 25.00 9.38
Oxycodone 43 5.88 (5.20, 6.57) 5.35 (4.66, 6.04) 0.040* 34.88 9.30
Methadone 43 6.51(5.78, 7.24) 5.63 (4.87, 6.39) 0.024* 34.88 9.30
Hydromorphone 37 5.60 (4.83, 6.36) 5.57 (4.66, 6.48) 0.955 35.14 27.03
Fentanyl 24 6.33 (5.37, 7.30) 5.71 (4.58, 6.84) 0.174 25.93 8.33
Hydrocodone 6 5.50 (1.94, 9.06) 5.50 (4.22, 6.79) >0.999 33.33 50.00
Total OR visits 194 6.25 (5.93, 6.57) 5.75 (5.42, 6.09) 0.001* 29.90 13.92
Visits without an OR 1,866 5.24 (5.12, 5.37) 5.38 (5.13, 5.64) 0.259 24.49 18.65
*, P<0.05. Pain scores are displayed as mean with 95% CI (upper limit, lower limit).
Table 3 Association of opioid rotation and ESAS
Drug rotated to Numt?er of ESAS
rotations Pre-visit Post-visit P value

Morphine 52 45.40 (40.69, 50.12) 43.87 (38.98, 48.75) 0.464
Oxycodone 34 39.76 (34.09, 45.44) 37.24 (30.41, 44.06) 0.364
Methadone 31 42.45 (36.22, 48.68) 36.97 (31.81, 42.13) 0.089
Hydromorphone 28 39.39 (31.49, 45.30) 40.04 (33.73, 46.34) 0.658
Fentanyl 22 38.77 (29.86, 47.69) 41.68 (33.74, 49.63) 0.323
Hydrocodone 6 27.33 (11.01 43.65) 30 (17.28, 42.77) 0.511
Total OR visits 155 40.74 (38.01, 43.48) 39.10 (36.42, 41.78) 0.172
Visits without an OR 1,608 34.01 (33.10, 34.92) 34.54 (33.19, 35.89) 0.394
ESAS scores are displayed as mean with 95% CI (upper limit, lower limit). ESAS, Edmonton symptom assessment score.
Table 4 Association of opioid rotation and MEDD
Drug rotated to Numper of MEDD (mo/day)

rotations Pre-rotation Post-rotation P value
Morphine 70 387.43 (260.77, 514.08) 385.47 (270.91, 500.03) 0.949
Oxycodone 48 382.21 (257.38, 507.04) 404.24 (280.66, 527.82) 0.626
Methadone 48 407.90 (279.60, 536.30) 277.20 (201.40, 353.00) 0.003*
Hydromorphone 40 531.75 (339.86, 723.64) 511.23 (313.77, 708.68) 0.694
Fentanyl 23 433.86 (292.37, 575.34) 405.50 (268.88, 542.12) 0.383
Hydrocodone 6 154.22 (5.25, 303.19) 155.56 (4.15, 306.96) 0.949
Total OR visits 217 402.38 (338.76, 466.01) 391.34 (329.63, 453.05) 0.541
Visits without an OR 2,099 279.13 (262.73, 295.53) 276.41 (260.17, 292.64) 0.375

*, P<0.05. MEDD are displayed as mean with 95% CI (upper limit, lower limit) in mg/day. MEDD, morphine equivalent daily dose.
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hydromorphone, fentanyl, and hydrocodone did not
correlate with a significant change in overall pain scores.

Table 3 describes the effect of OR on mean ESAS scores.
OR did not correlate with significant changes in ESAS
scores with the pre-visit mean of 40.74 and the post-visit
mean of 39.10. Visits without an OR did not correlate
with any changes in ESAS scores with pre-visit mean of
34.01 and post-visit mean of 34.54. Additionally, no OR
to a particular agent significantly affected total ESAS
scores, with methadone producing a statistically non-
significant decrease from 42.45 to 36.97. Further sub-
analysis demonstrated no significant change with any of the
individual symptoms captured within the ESAS questions
following OR (data not shown). The baseline total ESAS
of visits in which an OR occurred were significantly higher
than those without an OR.

Table 4 describes the change in MEDD with OR. There
was no significant change in MEDD with OR. The overall
MEDD was statistically unchanged with 402.38 mg/day at
the pre-visit and 391.34 mg/day at the post-visit following
OR. OR to methadone were the only rotations that showed
a statistically significant decrease in mean MEDD from
406.41 mg/day to 279.62 mg/day (P=0.004). There were no
differences in MEDD in visits without a rotation with pre-
visit mean of 279.13 mg/day compared to 276.41 mg/day.
The baseline MEDD of visits in which an OR occurred
were significantly higher than those where an OR did not
occur.

This retrospective study investigated the effects of ORs in
a cohort of patients seen in the outpatient palliative care
setting. There were four main findings. First, ORs overall
correlated with statistically significant decreases in pain
scores, with almost one-third of rotations decreasing scores
by either 2 points or 30%. Second, ORs did not correlate
with any overall changes to the total symptom assessment
profile (ESAS) or to the MEDD. Third, ORs to morphine,
oxycodone, and methadone demonstrated statistically
significant decreases in mean pain scores while ORs to
hydromorphone, fentanyl, and hydrocodone did not.
Fourth, only ORs to methadone correlated in a significant
decrease in standardized dosing, MEDD. Our findings
regarding methadone are consistent with a recent systematic
review reporting increased MEDD following OR, with only
rotation to methadone correlating in a decreased MEDD (20)
and with a study that demonstrated enhanced reduction
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in pain scores with OR to methadone compared to other
ORs (21). Moreover, our findings suggest that OR can be
effective at reducing patient’s reported pain scores without
increasing MEDD. We did not find any improvements
associated with OR on the additional symptoms captured
in the ESAS. However, the ESAS questionnaire does not
include assessment of other opioid side effects such as
constipation, delirium, and overall tolerability.

While this study contributes to the body of evidence
suggesting improved pain symptoms following an
opioid OR using a within-subject design (20,22,23), the
mechanisms for this benefit is poorly understood (24). A
current theory revolves around receptor polymorphisms
and that each opioid agent has a distinct mu-opioid
signature (25-29).

Of the possible agents a clinician can rotate to,
methadone is considered unique in terms of its
pharmacodynamics and pharmacokinetics. Methadone
has agonist activity at both the mu-opioid receptors and
antagonist activity at the N-methyl-D-aspartate (NMDA)
receptors with contributions of both effects demonstrating
contribution to analgesia (30,31). Methadone also has
favorable pharmacokinetics with a half-life of 24 hours (in
non-opioid naive individuals) that typically requires only
twice a day dosing which is favorable to patients (32) while
some benefit from every 8-hour dosing. There are several
other benefits of utilizing methadone in palliative medicine
including its safety profile in renal failure (33), cost (34),
and efficacy in neuropathic pain (35).

While OR has demonstrated benefit in terms of opioid-
related side effects (36,37), this study was not designed to
investigate the full profile of opioid-related adverse effects,
as the data available was limited in this regard. The non-
significant results with ESAS scores do not exclude the
possibility of benefit regarding constipation, neurotoxicity,
sedation, or overall tolerability which are frequent reasons
for OR. The finding that the baseline total ESAS was
significantly higher in visits in which an OR occurred would
suggest that symptom burden likely was a component in
the decision to perform an OR. These results are consistent
with prior reports that decreases in overall symptom burden
assessed with ESAS scores are not universally present
following OR (15,38).

ORs in this cohort of palliative care patient did not
correlate with changes to the MEDD. This may largely be
attributed to the primary purpose of an OR in the outpatient
clinic: improving pain management and mitigating the risk
of adverse effects. However, prescriptions in this cohort of

Ann Palliat Med 2021;10(6):6336-6343 | http://dx.doi.org/10.21037/apm-21-325



Annals of Palliative Medicine, Vol 10, No 6 June 2021

patients did not result in decreases MEDD that are often
encouraged with OR (39). In addition, visits that included
an OR had higher pain scores and MEDDs than those
without OR. While information regarding reasons for
rotation in this study was not available, this result suggests
that patients are either requiring higher doses to achieve
pain relief or may be prone to increased opioid-related
adverse effects secondary to dosage (40).

Methadone was the only exception, demonstrating an
overall decrease in MEDD. There are several reasons
for this result. It is possible the unique characteristics
of methadone provide pain relief at lower equianalgesic
doses (41,42). Perhaps the true MEDD of methadone is
underestimated; this is supported by a recent observational
study suggesting the equianalgesic ratio may be closer to
10:1 (43). In addition, the conversion ratios for methadone
are not standardized, and variable. Conversion ratios of
morphine to methadone are non-linear; they vary with dose
and the reasons for rotation (side effects are 9:1 vs. 5:1 for
uncontrolled pain) (44). In our population of ambulatory
clinic patients, inadequate pain control prior to rotation is
a more likely reason for rotation than side effects such as
sedation. Evidence for conversion ratios from methadone
to morphine are even more limited and may not vary with
increasing dose (42). The final reason may be attributed
to concerns by clinicians or patients regarding the adverse
effects of methadone such as QT prolongation (45), the
stigma surrounding its use for opioid use disorder (46),
or a combination of the two with prescribers writing for
artificially lower doses of methadone than the other opioid
analgesics.

This study has several limitations. Since this is a
retrospective study, only correlations regarding endpoints
could be determined, and the data was limited in some cases.
Due to the lack of availability of information regarding
full profile of opioid-induced side effects, continuation of
rotated opioids, disease progression, and reason for rotation,
this study chose to focus the primary endpoint as mean pain
scores and as the sole indicator of a successful OR. As a
consequence, it is likely the data presented underestimates
what many would consider a “successful” OR (11). Our
study size limits a full comparison of drug effects, as only
within-subject analyses were performed. We also based
the MEDD on the clinician’s prescribed dose, because
pill-counts were not consistently performed. Patients may
actually be taking medications (particularly as needed or
PRN) less frequently than prescribed. This study was also
limited in that only one subsequent visit was included for
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analysis and it is unknown to what extent these results
are sustained over longer intervals of time. Additional
prospective studies and larger retrospective studies are
needed to validate the findings of this study and to further
compare the ORs to particular agents.

While this study demonstrated statistically significant
reductions in mean pain scores following OR, the effect
was relatively small with less than a one-point reduction
in mean pain scores. In addition, while OR visits resulted
in increased “successful” visits and decreased “adverse”
visits determined by pain scores compared visits without an
OR, the clinical significance of this improvement remains
unclear as supportive care visits alone appeared to be
relatively successful in reducing pain scores with over 20%
of all visits resulting in decreased pain scores. Overall, OR
correlated with a minimal, but significant, reduction in
mean pain scores without increasing MEDD despite having
higher baseline pain scores, symptom burden, and current
opioid dosing compared to visits without OR, supporting
the utility of OR in patients who may benefit.

Conclusions

OR correlated with improved pain scores without an
increase in standardized dosing. A comparison of opioid
analgesic agents revealed rotations to methadone had the
most favorable profile with significant decreases in pain
scores in the setting of decreased MEDD.
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