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Clinical Implication of Opioid Rotation

Author: Yoko Tarumi, M.D., Regional Palliative Car e Program, Edmonton, Alberta

A. Introduction

Pain relief and palliative care have been the focus of increasing attention both in Japan and
internationally.  In Japan, cancer has been the leading cause of death since 1981. Three hundred
thousand of people died from cancer in 2000 (1). Although the consumption of morphine has been
significantly increasing in Japan, the average daily consumption of opioid is still considerably lower
than in North America, Australia, Great Britain and western European countries (2). A 1996
survey (3) reflected generally poorer cancer pain control in Japanese university hospitals and cancer
centers compared to previous studies of the WHO analgesic ladder.

One factor that may be contributing to poorer pain control isthe limited selection of opioids for
cancer pain relief compared with many other developed nations. Morphine, codeine and fentanyl
transdermal therapeutic system are currently the only available opioid agonists for the management
of moderate to severe cancer pain in Japan. In contrast, hydromorphone, oxycodone and
methadone are available in addition to these three opioids in North America.  Social and regulatory
barriers may pose significant obstacles to access, even for clinicians experienced with the use of
these agents.

B. What isOpioid Rotation?

Opioid rotation (also known as opioid substitution) is the practice of switching from one
opioid to another, in order to improve an unfavourable balance of analgesia and side effects.
Opioids are generally the most effective treatment for patients with cancer pain (4), and pain can be
effectively controlled in most cancer patients with minimal toxicity until their last time. Morphine
appears to have no clinically relevant ceiling effect to analgesa. Clinical reports of morphine
dosed at 35-40 g/day emphasize this fact (5)(6). A point may be reached at which higher doses
could theoretically produce greater analgesia but dose escalation is not possible because adverse
effects supervene, thus effectively defining the responsiveness of the pain syndrome in that
particular patient (5). Adverse effects of opioids are generally classified into two groups: (A) those
usually seen with lower doses or in the early phase of opioid therapy, such as ventilatory depression,
nausea and constipation; (B) those that may occur with chronic opioid therapy and are thought to be
manifestations of central nervous systems hyperexcitability, such as alodynia, hyperagesia,
myoclonus, halucinations, and delirium (i.e. opioid neurotoxicity). Patients with predictors for
intractable pain such as neuropathic pain, incident pain, history of acoholism or drug abuse,
expression of psychosocia distress as somatic symptoms, and rapid development of tolerance, may
experience opioid dose escalation and be at higher risk of opioid neurotoxicity (7).

The rationale for opioid rotation is based on inter-individual variability in response to
different opioids, or intra-individual variability in response to the same opioid over time, which are
commonly appreciated clinical phenomena in the management of cancer pain. There have been
various hypotheses to explain these observations:

B-1-1. Genetic factors Genetic factors may be important in determining patterns of opioid
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senditivity. For example, some mouse strains are deficient in their expression of mu receptors (8),
and are correspondingly insensitive to the analgesic effects of morphine (9). Sensitivity to mu and
kappa analgesia has been demonstrated to vary independently across mouse strains, suggesting that
each receptor subtype is under independent genetic control (10). It may be postulated, therefore,
that analgesic and non-analgesic response to an opioid in humans may depend on a geneticaly
determined pattern of expression of receptor subtypes for which that opioid is selective.

B-1-2. Opioid tolerance and incomplete cross-tolerance Individual variability in response to
opioids has been postulated to reflect the development of tolerance and the existence of incomplete
cross-tolerance between opioids (11). Analgesic tolerance is a phenomenon in which exposure to
the opioid itself causes the patient who has achieved analgesia to require a higher dosage to
maintain the same level of effect (12). Tolerance may also develop to adverse effects of opioids.
Various mechanisms are thought to underlie incomplete cross-tolerance between opioids. In vivo
studies comparing mu and kappa agonists suggest that the limited cross-tolerance results in part
from the presence of multiple opioid receptor subtypes (13). Incomplete cross-tolerance among
mu-opioid agonists may result from differences in the intrinsic efficacy (14). If tolerance for
analgesia develops more rapidly than for adverse effects from opioids, this could manifest clinically
as an imbalance in analgesic and adverse effects. Switching opioids could restore a favourable
balanceif cross-tolerance was incomplete, and if cross-tolerance for analgesia was less than that for
adverse effects.

B-1-3. Opioid metabolites Morphine undergoes glucuronide conjugation and become two major
metabolites. morphine-3-glucuronide (M-3-G) and morphine-6-glucuronide (M-6-G) (15). In
animal models, M6G is 10- to more than 100-fold more potent an antinociceptive agent than
morphine, and is longer acting when given in equi-effective doses (16).

M-3-G has no intrinsic analgesic action, consistent with its poor affinity for classica
inhibitory opioid receptors in vitro (17). Following intracerebroventricular (ICV) and intrathecal
administration, M-3-G evokes dose-dependent excitatory behavioral effects in rodents, and has a
10-fold higher excitatory potency than morphine (18)(19). ICV M-3-G can attenuate morphine- or
M-6-G-induced antinociception and ventilatory depression (20). Although the effects of M-3-G in
humans have not been well documented, patients who developed myoclonus, confusion or seizures
on morphine in the setting of renal failure were found to have high plasma and cerebrospinal fluid
(CSF) levels of M-3-G (21)(22).

Clinicaly, the plasma and CSF concentrations of M-3-G exceed those of morphine by
several-fold after single doses of morphine (23), and by as much as 10- to 20-fold in patients
receiving morphine chronically (24). A systematic review showed that metabaolite ratios of M-6-G
and M-3-G to morphine were higher in rena impairment, and routes of administration which
avoided first pass metabolism (intravenous, transdermal, rectal, intramuscular, epidural and
intrathecal) resulted in lower metabolite production than ora, sublingual, or buccal (25). Opioid
rotation may possibly benefit patients with opioid hyperexcitability by allowing clearance of the
offending metabolites. Theoretically, opioids without known active metabolites, such as methadone,
may be associated with alower incidence of opioid-induced hyperexcitablity (26).

Numerous case reports and small retrospective case series have suggested improvement in
the balance of opioid analgesia and adverse effects in cancer patients after opioid rotation. Three
large retrospective studies have supported these observations (27)(28)(29). Three small
prospective uncontrolled studies (30)(31)(32) have also yielded positive findings.
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B-2. Other indicationsfor opioid rotation

Other issues of aclinicd, practical or economic nature may influence a decision to switch opioids.
Fentanyl transdermal therapeutic system is a favourable option for patients who have stable pain but
difficulty with ora intake due to disorders of the gastrointestinal tract or dysphagia secondary to
neurological disease. However, due to the prolonged time to achieve steady-state blood levels 33),
this delivery system is not suitable for situations in which rapid dose titration is required (e.g. acute
uncontrolled pain or incident pain without an appropriate breakthrough analgesic regimen).
Methadone's unique properties include lack of known active metabolites (34), possible antagonism
of the N-methyl-D-aspartate receptor (35), incomplete cross-tolerance with other opioids (36) and a
logarithmic increase in relative potency at higher doses (37). It is aso the least expensive opioid.
Methadone may therefore be advantageous in the settings of renal failure, neuropathic pain, opioid
tolerance and requirement for high opioid doses. Cost-effectiveness may be a crucial issue for
Japanese palliative care units, for which the cost of care is dready fixed, as well as for the Japanese
medical system in general, which is carrying a huge debt.

C. Clinical Implications

When confronted with a patient with an unsatisfactory response to opioid therapy, a
careful multidimensional assessment of the underlying pain is essential. A multidimensiona
assessment takes into account not only characteristics of the pain and opioid response, but also
factors that may influence the perception and expression of pain. It isimportant to remember that
pain expression does not necessarily correlate with nociception. Two patients with the same
etiology of pain causing similar nociception may perceive and express pain in a completely
different manner. Assessment of pain without a multidimensional approach ignores the
complexity of the pain experience.

Two tools may assist the multidimensional assessment of pain.  The Edmonton Symptom
Assessment System (ESAS)(38) measures nine symptoms using visual analogue scales. pain,
activity, nausea, depression, anxiety, drowsiness, appetite, well-being, and shortness of breath.
The ESAS is completed by the patient, if possible. It places pain in the context of other symptoms,
assesses outcomes of interventions and can be used to track individual patients over time. The
Edmonton Staging System (38) is a tool for identifying predictors of intractable pain such as
neuropathic pain, incident pain, impaired cognitive functioning, major psychologica distress,
opioid tolerance and history of drug or alcohol abuse. These assessment tools are particularly
useful to draw attention to patients who express their psychological, social or spiritual distress as
physical pain (somatization). Those patients are at risk of escaating their doses of opioids,
resulting in toxicity with little or no pain relief. This type of pain may improve with counseling,
socialization, physical activity, or other distraction.

However, it is not sure if these assessment tools are applicable internationally since the
expression of pain aswell as mood (anxiety/depression) may vary depending on patients' cultural or
religious backgrounds (39).

Opioid hyperexcitahility is often associated with delirium and probably does not have a
single common etiology. It is therefore important to consider correctable factors contributing to
delirium. The etiology of delirium other than opioids may be follows. primary or metastatic
intracranial disease, metabolic encephalopathy, electrolyte imbalance, chemotherapy, steroids,
radiation, anticholinergics, antiemetics, antivirals, infection, nutritional deficiencies, paraneoplastic
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syndromes, etc. Theoretically, it is reasonable to treat these possible-contributing factors to
delirium while observing the patient’s progress without switching the opioid. However thereis an
ethica concern for potentially delaying definitive treatment in fragile advanced cancer patients with
limited life expectancy. Clinicaly, it is more beneficial for these patients to clear all the possible
aggravating factorsin delirium and hyperexcitablity, particularly when the symptoms are severe.

Severa dtrategies have been recommended to manage opioid-related hyperexcitability.
These include switching from one opioid to another, hydration, and reducing the opioid dose.
Reducing the opioid dose is only indicated when pain is well controlled in the presence of mild
opioid-related hyperexcitability. Hydration is advocated on the grounds that it promotes the rena
elimination of opioid metabolites. A combination of rotating to an alternative opioid and
hydration is often effective. The choice of opioid is, at the moment, empirical. While there may
be theoretical grounds to switch to an opioid with particular pharmacological properties, the
relationship between experimental findings and clinical experience has not yet been established.

When considering opioid rotation, potency and equianalgesia are two important concepts
of opioid pharmacodynamics that require attention. Potency refers to the power of a medicina
agent to generate its desired outcome that is the dose required to produce a given effect. A more
potent agent becomes beneficia when a limited volume is an issue, such as in subcutaneous
infusions (40). Equianagesiarefersto different doses of two agents that provide approximate pain
relief (40)(41).

Severa equianalgesic dose tables are generally used to aid the clinician in converting from
one opioid to another. It has to be emphasized that much of the information in these tables has
been derived from single-dose studies that are more appropriate for the management of acute pain.
Only a limited number of studies have assessed opioid equianalgesic dose ratios in the context of
chronic pain management (41).

The bioavailability of each opioid, inter-individual or inter-racial genetic variability in the
metabolism of each opioid, or incomplete cross-tolerance between opioids may play significantly
influence the equianalgesic dose ratio. It is therefore crucial to monitor clinically until stable pain
control and opioid doses have been achieved.

E. Conclusion

Opioid rotation has become a generally accepted practice for cancer pain relief
internationally. It is important to be aware of complexity of the pain experience and perform a
multidimensional assessment. Identifying potentialy intractable pain and intervening in their
earlier stage may lead to successful pain relief. When opioid rotation is considered, excluding
other contributing factors for opioid neurotoxicity, and using appropriate equianalgesic dose ratios
with careful and close monitoring of patients' pain and other symptoms are extremely important.
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EXPECTATIONS OF PERIPHERAL OPIOID ANALGESIA

J.G. Collins, Ph.D.
Professor of Anesthesiology
Lecturer in Pharmacology
Y ale University School of Medicine

Dr. Collins will focus on the following points during this presentation: comparison of spinal opioid analgesia
with peripheral opioid analgesia; endogenous peripheral opioid analgesia; evidence for exogenous peripheral
opioid analgesia; possible mechanisms of action of peripheral opioid analgesia; questions that need to be
answered in order to better understand the potential for peripheral opioid analgesia as an important clinical
tool for the control of pain.

Ferreiraand Nakamura first proposed the existence of peripheral opioid analgesiain 1979 (1) and other labs
reported similar findings amost ten years later (2,3). However those basic science studies did not produce a
significant use of peripheral opioid analgesiain the clinical setting. Thereis disappointment that peripheral
opioid analgesia has not become awidely used clinical tool with which to control pain. The limited use of
peripheral opioid analgesiais contrasted with spinal or epidural opioid administration. Dr. Collins will
compare the development of the two techniques and point out that such a comparison is not fair. The timing
of each discovery as well asthe types of pain against each can be effective differs greatly.

Stein and Colleagues have continued to pursue an understanding of the endogenous systems that mediate
peripheral opioid analgesiain the absence of exogenously administered drugs. That work has produced a
detailed understanding of the interactions between the immune and nervous system that appear to be
responsible for a peripheral endogenous pain control system (4). Animportant consideration associated with
Stein’s work isthe impact of a depressed immune system on apatient’spain. Itislikely that patients with a
compromised immune system may experience greater levels of pain asaresult of adysfunctional peripheral
opioid analgesic system.

Although Stein and colleagues have firmly established the existence of an endogenous peripheral opioid
analgesia system we are still |eft with questions about the possibility of influencing that system by
exogenously administered opioids. Severa reviews have questioned the val ue of exogenous peripheral opioid
analgesia but they have also pointed out the significant problems that have been associated with most of the
clinical trials in which the technique was examined (5-7). Because of the many problems with interpretation
of most clinical trials of peripheral opioids, including lack of sensitivity of assays and inappropriate drug
doses, we still do not know the true potential value of the technique but it does offer unique advantages that
warrant further study. Those advantages direct targeting to sites of inflammation and possibl e efficacy
against visceral pain, atype of pain that is difficult to treat with current methodologies.

There is evidence that the binding of opioids with opioid receptors on the peripheral terminals of primary
sensory neurons causes changes in the functioning of the neurons that could impede the flow of information
from the periphery to the central nervous system. Changesin G proteins and ion channels have been reported
(8-10). Such changes could reduce the excitability of peripheral nerves, decrease the propagation of action
potential sand reduce the peripheral release of pain producing substances. Those systems should also be
sensitive to exogenously administered opioids.

Essential questions that remain to be answered about peripheral opioid analgesiainclude what happens to the
receptors on nerve terminals to allow them to become sensitive to opioids and what is the nature of those
receptors. Although inflammation is required to enable peripheral opioid analgesiait can also beinduced by a
hyper tonic solution. There appears to be receptor up-regulation but the time-course is much slower than the

179



onset of peripheral opioid analgesia. We know that mu, delta and kappa opioid receptors exist on the
peripheral terminals of primary sensory neurons but we do not know if those receptors are the same as opioid
receptors that have been studied in the central nervous system. In fact, there is reason to believe that there are
differencesin peripheral opioid receptors that may cause them to have a different pharmacological profile
than classical central nervous system receptors (11, and Collins and colleagues, unpublished observations).
Answers to these questions are likely to enable us to determine the maximum efficacy of peripheral opioid
analgesia.

Itislikely that we will be able to utilize the endogenous periphera opioid system to produce a degree of
analgesiathat is greater than that caused naturally. We need to better understand how to unmask peripheral
opioid receptors and we also need to have a better understanding of the peripheral receptors themselves. In
addition we need the continuing support of drug development companies. It islikely that the most important
advance in peripheral opioid analgesiawill depend on the development of novel agonists with high affinity
for peripheral receptors. Those agonists will also need to be restricted in their ability to gain accessto the
central nervous system. The potential value of peripheral opioid analgesia, in spite of current disappointment
in its progress, warrants a continued effort to understand and develop the technique for clinical pain
management.
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