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Figure 4

Genetic variability of opioid analgesia among mouse strains. (a) Groups of various strains of mice received a fixed
subcutaneous dose of morphine (5 mg/kg), and were tested for analgesia in the tail-flick assay at peak effect. (b)
Groups of CD-1 and CXBK mice received the same doses of the indicated p opioid and were tested for analgesia in
the tail-flick assay at peak effect. M6G, morphine-6-B-glucuronide; 6AcMor, 6-acetylmorphine. Adapted from
references 33 and 34.

From bench to bedside

The most important and compelling of the concepts described here is that p-receptor-based
drugs are not all the same and it may be possible to use these differences in a clinical setting.
Combinations of several different p-receptor-based drugs, particularly morphine and
methadone, produce greater than additive effects in mice,*’ but whether this effect is seen in
the clinic is untested. The idea of combinations of y opioids is particularly intriguing, since
the synergy seen between morphine and methadone in mice, for example, is limited to
analgesia and is not seen with gastrointestinal transit. Thus, the combination may yield
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greater analgesic activity with few side-effects. Combinations open the possibility of
enhancing the effectiveness of established and available drugs. Clinicians frequently use
more than one drug to relieve pain, so the concept of polypharmacy in pain management is
not unusual. Indeed, most of the opiates prescribed in the USA are prescribed in
combination with another drug, such as acetaminophen (paracetamol), aspirin or non-
steroidal anti-inflammatory drugs. Extending this idea one step further to the combination
of opiates is something that needs to be carefully investigated.
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Preclinical evaluation

Preclinical evaluation of oxycodone and

morphine combinations

CHARLES E INTURRISI

The use of analgesic combinations, which involves concurrent administration of two
separate compounds, is intended to enhance analgesia and reduce adverse effects.! The two
aims are not mutually exclusive, because some combinations can enhance analgesia yet,
because of the dosages used, can also reduce adverse effects. Fixed-dose mixtures also aim to
enhance analgesia and reduce adverse effects, but have the additional benefits of
convenience (they involve just a single tablet), economy (they do not require two separate
prescriptions) and reduced abuse and diversion (when an agonist or mixed agonist—
antagonist is combined with an antagonist).'

Oral analgesic combinations and mixtures usually involve one weak opioid, such as codeine,
oxycodone, hydrocodone or propoxyphene, given concurrently with a non-opioid, such as
aspirin, acetaminophen (paracetamol) or a non-steroidal anti-inflammatory drug (NSAID).
The basic premise is that the two drugs operate through different mechanisms of action, so
the combination will produce at least additive effects.” In addition, since the side-effect
profiles of the opioids differ from those of the non-opioids, the use of a lower dose of each
drug in combination may result in a reduction in dose-related adverse effects. Many oral
analgesic combinations and mixtures thus, to some extent, fulfil the two major criteria
described earlier.

Morphine and some of its derivatives

Morphine is the standard of comparison for opioid analgesics.” Its structure has been
modified by replacing the hydrogen atom in position 3 with a methyl group to produce
methoxymorphine, which is commonly known as codeine (Figure 1). Codeine can be
biotransformed in the body to morphine.> Oxymorphone is another derivative of morphine;
it contains a hydroxyl group in the 14 position, a saturated C-C bond between positions 7
and 8 instead of the double bond found in morphine at this position and a ketone group at
position 6 instead of morphine’s hydroxyl group (see Figure 1). Oxycodone is the methoxy
analogue of oxymorphone, and can be biotransformed to oxymorphone in the body.?

DUAL OPIOID™ THERAPY
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Figure 1
The structural features of morphine and some of its derivatives: codeine, oxymorphone and oxycodone. The solid
and open arrows indicate the positions of structural differences between morphine and oxymorphone and

consequently codeine and oxycodone.

Pharmacology of oxycodone

In terms of pharmacology, oxycodone is a p-receptor agonist with a pharmacological profile
generally like that of morphine.* It has excellent oral bioavailability (60-85%) and is
commonly available with non-opioids in fixed-dose combinations that are used to treat
mild-to-moderate pain. It is also available in several extended-release formulations that are
used to treat moderate-to-severe pain.’

Nielsen et al® examined the pharmacology of oxycodone through radioligand binding and
behavioural studies in rats. In one study, they used a nerve injury rat model, in which there
is chronic constriction injury (CCI) of the sciatic nerve. The change in paw withdrawal
threshold was measured prior to and after an antinociceptive effect was induced through
administration of oxycodone or morphine. The ‘antinociceptive’ effect produced is actually
the result of an antihyperalgesic effect, i.e. the reversal of the mechanical allodynia (the
distinguishing feature of neuropathic pain) and an antinociceptive effect. The
antinociceptive effect occurs since oxycodone not only restores the paw withdrawal
threshold to normal (antihyperalgesia) but also increases the threshold above the normal
baseline (antinociception). For convenience, the effect will be referred to here simply as an
antinociceptive effect.

o
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On the ipsilateral injured side, the antinociception produced by intrathecal oxycodone was
abolished by intrathecal naloxone (a non-selective opioid antagonist), which indicates that
naloxone can counteract the antinociceptive effect of oxycodone, and by norbinaltorphimine
(a selective k-receptor antagonist) (Figure 2a, b). In contrast, the antinociception produced
by intrathecal morphine was abolished by naloxone but not by norbinaltorphimine.
Interestingly, on the contralateral (uninjured) side, only norbinaltorphimine abolished the
antinociceptive effect of oxycodone, while only naloxone abolished the antinociceptive
effect of morphine (Figure 2¢, d). This suggests that, at least in this particular model, there
might be some selectivity with respect to the ability of a k-receptor antagonist to block an
antinociceptive effect of oxycodone. This indicates that the antinociceptive effect of
oxycodone, in contrast with that of morphine, seems to be mediated by a k receptor. The
results also support earlier studies from this group, which found that pretreatment of rats
with norbinaltorphimine abolished the antinociception produced by intraventricular
oxycodone but not morphine.” Indeed, in the streptozotocin (STZ) diabetic rat (another
model of neuropathic pain), Nozaki et al® found that the antinociceptive effect of oxycodone
was blocked by pretreatment with the selective antagonist norbinaltorphimine.

Some of the limitations of these studies must be borne in mind. No information was
provided on whether or not they were conducted under blinded conditions. In addition, the
studies involved only single-dose comparisons of agonists and antagonists, which limits the
degree to which conclusions can be drawn. Finally, only a single k-receptor antagonist was
used, and it would be reassuring to know whether different k-receptor antagonists produce
the same effect.

Preclinical data with oxycodone and morphine combinations

In the STZ diabetic rat, Nielsen et al® administered morphine and oxycodone
subcutaneously, which is more relevant to clinical use. They found that the potency of
subcutaneous morphine and oxycodone to relieve allodynia decreased during a 24-week
observation period. The decline in morphine’s potency was more rapid and more
extensive, however, so that morphine had completely lost its analgesic efficacy by 12 weeks
after administration of STZ (Figure 3). In contrast, oxycodone retained efficacy even at 24
weeks. Radioligand assays support the conclusion that oxycodone may preferentially bind
to a Kk receptor, and Nielsen et al designated this as a K, site. The existence of k-receptor
subtypes is based on radioligand binding studies, but these are limited by the lack of
subtype-selective ligands, and no genes have been identified that might encode these
subtypes. Alternatively, heterodimers of the k and & receptors might exhibit the
pharmacology of k subtypes.’

Ross et al'’ investigated whether the observed differences between oxycodone and morphine
could be exploited to improve pain management by using coadministration of sub-
antinociceptive doses of oxycodone and morphine to achieve antinociceptive synergy. In this
study, the sub-antinociceptive doses did not change the normal baseline threshold, so this
model involved pure antinociception rather than injury. Responses were tested using the
tail-flick response, which is the standard assay for measuring acute painful stimuli.

Intraventricular coadministration of sub-antinociceptive doses of oxycodone and morphine
produced synergistic effects in Sprague—Dawley rats, as the combination produced a much
larger effect than could be predicted by adding the effects of morphine and oxycodone each
given alone (Figure 4). The synergy of the combination was blocked, however, by
pretreatment with naloxonazine and norbinaltorphimine.

o
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Figure 3

Dose—response curves for oxycodone (@) and morphine (b) in streptozotocin (STZ) diabetic rats. % Max APWT
AUC, percentage of maximum area under the curve of the change in paw withdrawal threshold versus time.
Reproduced with permission from Nielsen et al.®

One of the limitations of this group’s previous study’ was that oxymorphone produced by the
biotransformation of oxycodone could have been contributing some of the analgesic effects.
Dark Agouti rats were therefore used for studies with intraperitoneal and subcutaneous
dosing, because, like humans, they convert only a small fraction of oxycodone to
oxymorphone. In these rats, intraperitoneal coadministration of sub-antinociceptive doses of
oxycodone and morphine produced synergy as measured by the tail-flick test (Figure 5).

This group also investigated the effects of combinations with differing ratios of oxycodone
and morphine in Dark Agouti rats. As the ratio of oxycodone to morphine in subcutaneously
administered fixed-dose combinations increased, the antinociceptive dose-response curve
shifted progressively to the left (Figure 6). In this model, oxycodone was slightly more
potent than morphine.'

o
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Figure 4

Time—action curve after intraventricular oxycodone (Oxy), morphine (Mor) and oxycodone plus morphine
without (a) and with (b) pretreatment with naloxonazine or norbinaltorphimine (nor-BNI) in Sprague—Dawley
rats. % MPE, percentage of maximum possible effect. Reproduced with permission from Ross et al."’

Isobolographic analysis was undertaken to explore the interaction between the two drugs
(Figure 7). If the two drugs were acting in concert to produce additive effects, the response
would be expected to fall along a line of additivity; if the response falls to the right of the
line of additivity, one drug would be antagonizing the effects of the other; if the response
falls to the left, the combination of drugs would be displaying a synergistic effect. As the
results show, each of the three combinations indeed showed some degree of synergy.

Conclusions

These preclinical studies demonstrate synergy with two commonly used opiates, which was
observed after local administration to the central nervous system and systemic
administration. The synergistic interaction between oxycodone and morphine seems to

o
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Figure 5

(@) Mean degree of antinociception following administration of intraperitoneal (i.p.) oxycodone (Oxy), morphine
(Mor) and oxycodone plus morphine in Dark Agouti (DA) rats. (b) Mean baseline level of antinociception in
control rats dosed with saline and theoretical mean level of antinociception expected for only additive effects of
oxycodone and morphine. % MPE, percentage of maximum possible effect. Reproduced with permission from Ross
et al."’

require both p and « receptors. Whether the synergy will result in a significant reduction in
dose-related adverse effects with these two opiates remains to be determined.

Kalso has critically reviewed the pharmacology of oxycodone and has offered a number of
important observations.* In general binding studies support the original conclusion that
oxycodone is a p-receptor agonist (see reference 5 for further references). Behavioural
studies in rodents and primates show that, unlike typical k opioids, oxycodone completely
substitutes in morphine-dependent states,* and oxycodone fails to demonstrate typical

17

o



01-ICSS 271 Text-cpp:02-ICSS 270 Text-ccc 3/1 8 07:36 Page 18

CHARLES E INTURRISI

100

—W— Oxy:Mor (75:25)
—A— Oxy:Mor (50:50)
—H— Oxy:Mor (25:75)
—@— Oxycodone
—O— Morphine

Degree of antinociception (% MPE)

10 100
Log opioid dose (mg/kg)

Figure 6
Dose—response curve for oxycodone (Oxy), morphine (Mor) and three fixed-ratio combinations of morphine and
oxycodone. % MPE, percentage of maximum possible effect. Reproduced with permission from Ross et al. "’
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Figure 7

Isobolographic analysis of the interaction between combinations of oxycodone (Oxy) and morphine (Mor) with
different ratios. Reproduced with permission from Ross et al.

k-opioid-mediated diuresis. Oxycodone may be actively transported through the
blood-brain barrier, and this may explain its greater systemic potency compared with
morphine, an opioid with much greater affinity for the p receptor. Finally, in humans,
oxycodone appears to exhibit typical p-receptor-mediated desirable and undesirable effects,
with no evidence of the strong dysphoric effects seen with k opioids such as pentazocine.*

18
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However, whether combinations of oxycodone and morphine may offer any clinical
advantage over full doses of either drug alone remains to be determined in appropriate
clinical studies.
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The clinical setting

Opiate combination pharmacotherapy

BRUCE NICHOLSON

The original clinical work with opiates dates back more than 40 years, but only in the last
decade have researchers begun to undertake exploratory protocols and studies with
combinations of opiates. When trialled in combination, analgesic components must show
additive or synergistic effects in order to decrease pain and reduce associated symptoms such
as anxiety and sleep interference, but the adverse effects of combination therapy should be
more favourable than those of each drug alone. The ideal combination thus provides
improved analgesic efficacy and improved safety and tolerability. This paper reviews three
clinical trials of opiate combinations available to date.

Controlled-release morphine and oxycodone in patients with advanced
cancer

Lauretti et al' evaluated the analgesic profile of controlled-release morphine and controlled-
release oxycodone in 26 patients with advanced cancer. The unique design of this study
began with an open-label randomized titration phase to achieve stable pain control with
immediate-release morphine for 7 days. Once stable pain relief was achieved, patients were
randomized to receive controlled-release morphine followed by controlled-release
oxycodone or vice versa in a double-blind crossover phase with two periods of 14 days each.
The patients were allowed to use 10 mg tablets of immediate-release morphine to ensure
that pain scores were =4 (in most clinical studies, patients agree that pain scores <4 are
satisfactory for improving quality of life, which includes pain itself, as well as sleep and
function during the day). Treatment was described as ‘combined’ when patients were
receiving controlled-release oxycodone plus immediate-release morphine.

During the 4 weeks of the crossover phase of the study, the patients who received
controlled-release oxycodone used consistently less of the opiate than those who received
controlled-release morphine (Figure 1). It is important to note that a number of these
patients were taking other medications, such as antidepressants, and some had liver-related
complications, which may have affected the metabolism and thus the analgesic profile of the
sustained-release oxycodone — this was not addressed within the study. In terms of rescue
medication, however, patients who received controlled-release oxycodone consistently
required significantly lower doses of immediate-release morphine to achieve the same pain
control during the study, irrespective of which controlled-release drug they received first
(p < 0.05) (Figure 2). When the results of the two phases were compared, patients used 38%
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Figure 1
Mean final weekly dose of controlled-release morphine and controlled-release oxycodone during a 4-week double-

blind crossover phase. Reproduced with permission from Lauretti et al.’
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Figure 2
Mean final weekly dose of controlled-release morphine and controlled-release oxycodone during a 4-week double-

blind crossover phase. Reproduced with permission from Lauretti et al.”
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Table 1 Adverse events, acceptance of medicine and patient satisfaction in patients who received controlled-release
morphine or controlled-release oxycodone plus immediate-velease morphine as required. Reproduced with
permission from Lauretti et al’

Variable Controlled-release morphine plus Controlled-release oxycodone plus
immediate-release morphine immediate-release morphine
as required as required

Nausea 8 1*

Vomiting 7 0*

Dry mouth 2 3

Hallucination 0 0

Somnolence 11 7

Pruritus 1 1

Constipation 5 4

Sensation of empty head 0 1

Anorexia 13 14

Dyspnoea 0 0

Acceptance of study drug 21 22

Patient satisfaction 18 22

*p < 0.05.

more immediate-release morphine when using controlled-release morphine than when
using controlled-release oxycodone.

Many patients with advanced cancer receive chemotherapy and a number of different
treatments, including radiation therapy, that can induce significant side-effects, and the
additional side-effects of opiates can be quite distressing. Patients who received oxycodone
complained of less nausea and vomiting compared with those who received morphine only
(p <0.05). Combined-phase therapy (controlled-release oxycodone plus immediate-release
morphine as required) produced a significant reduction in some of the most common and
distressing side-effects, including nausea, vomiting, hallucinations and somnolence (Table 1).

Overall, this study showed that combination therapy resulted in better analgesia and less
emesis than morphine alone, which would be a benefit for patients.

Combination therapy in rapid opiate escalation for cancer pain

Mercadante et al’ utilized combination therapy for treatment of worsening cancer pain
symptoms in patients requiring rapid escalation of opiates. Fourteen cancer patients were
randomly selected to participate in a partially randomized opiate combination therapy trial.
All patients had escalated their opiate dosage by 100% during the week prior to treatment
owing to progression of pain. Patients entering the study were placed on a combination of
morphine and transdermal fentanyl in a 100:1 ratio or morphine and methadone in a 5:1
ratio. Patients were then followed over a 5-week period during which an opioid escalation
index (OEI) was utilized, along with a standardized numeric rating scale (NRS) to assess the
effect of combination therapy. After addition of the second opiate, the OEI-calculated
opiate dosage was 30% less than with single-opiate therapy. Also, during the course of the
5-week trial, no significant increases in the OEI were observed.
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Analgesic synergy between oxycodone and morphine in humans

Grach et al’ used the experimental pain model to determine whether there is analgesic
synergy between oxycodone and morphine. The study used enriched enrolment in a single-
blind fashion and randomized 30 women to a double-blind crossover design. The women
were randomized to receive 0.5 mg morphine, 0.5 mg oxycodone and the combination of
0.25 mg oxycodone plus 0.25 mg morphine 1 week apart. Each participant was exposed to
the cold pressor test to determine their response to pain.

The combination produced a significantly greater effect on pain latency onset than
morphine alone, but the effect was not significantly smaller than with oxycodone alone.
This study has a few limitations. The women were not taking any other medication, which
means that the study does not take into account the fact that many patients with pain take a
variety of concomitant medications, including CYP2D inhibitors such as antidepressants.
Clinical synergy did not seem to have been observed between the two drugs. Although
oxycodone is known to be more potent than morphine, the two drugs were given in equal
doses, so the dose of oxycodone used may have been too high. Finally, the cold pressor
model is not necessarily a good test model for the acute pain seen in the clinic setting.

Possible effects of opiate therapy on pain and mood in chronic pain patients

Jamison et al* evaluated 36 chronic back pain patients in a randomized open-label
comparison of opiates and a non-steroidal anti-inflammatory drug (naproxen). Titration
therapy with either sustained-release morphine or sustained-release oxycodone was superior
to naproxen or set-dose oxycodone. Titration therapy provided better pain control as well as
improved mood over both the naproxen and fixed-dose oxycodone groups.

Perioperative oral controlled-release oxycodone after lumbar discectomy

Blumenthal et al’ investigated whether perioperative application of oral controlled-release
oxycodone would reduce postoperative consumption of intravenous morphine and opioid
side-effects after lumbar discectomy. From the evening before surgery until the second
postoperative morning, patients received 20 mg oral controlled-release oxycodone or
placebo every 12 hours. All patients received intravenous morphine via a morphine patient-
controlled analgesia (PCA) device as the standard of care for postoperative analgesia of
breakthrough pain.

Unsurprisingly, a clear decrease was seen in the requirement for opiates over the first 48
hours after the operation. Interestingly, however, there was a significant improvement in
pain at rest with the combination therapy compared with placebo and PCA alone (Figure 3).
This could be a pre-emptive analgesic effect as a result of the preoperative analgesia being
carried through to after the surgery.

Many therapies are very effective at controlling pain at rest, but control of pain with
movement remains a problem and is the focus for pre-emptive perioperative approaches.
The result of this study showed that combination therapy had a significant impact in terms
of decreasing cough-related pain (Figure 4). Although the data in this study do not confirm
that a combination of morphine and oxycodone may be synergistic or additive in terms of its
analgesic effect, the results certainly indicate that combination therapy used prior to, during
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Figure 3
Pain at rest. Black horizontal lines indicate the median; VAS, visual analogue score; box represents 25th to 75th
percentile; *p < 0.005. Reproduced with permission from Blumenthbal et al.’
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Figure 4
Pain during coughing. Black horizontal lines indicate the median; VAS, visual analogue score; box represents
25th to 75th percentile; *p < 0.005. Reproduced with permission from Blumenthal et al.’
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Table 2 Most common adverse events. *p < 0.05. Reproduced with permission from Blumenthal et al’

Adverse event Frequency (%)
Hours 1-6 Hours 18-24
Morphine plus Morphine Morphine plus Morphine
oxycodone oxycodone
Nausea and vomiting 0 40 0 30
Pruritus 10 25 10 25
Mild sedation 30 45 20 15

and after surgery has positive outcomes for levels of pain at rest and during activity and can
improve outcomes for patients.

Aside from pain, the side-effect profile of opiates is the most distressing aspect of most
patients’ postoperative course. Indeed, nausea and vomiting are the most common reason
for delayed discharge from the postoperative care unit, with pain the second most common
cause. Combination therapies that also have a significant impact on the side-effect profile
thus may improve outcomes overall. They would also allow patients to be moved out of the
postoperative care unit more quickly, which is particularly important considering the
increasing numbers of patients referred for daycase surgery, who require aggressive opiate
and analgesic management during the acute recovery phase to facilitate discharge.
Blumenthal et al’ found that nausea and vomiting and pruritus were less common in patients
who received combination therapy compared with those who received morphine alone at
hours 1-6 and 18-24 (Table 2). Mild sedation was also less common in the combination
group at 1-6 hours, but was slightly more common at 18-24 hours.

Liquid formulation of fixed-dose opioid combination

Phase II results from studies undertaken by QRx Pharma with a liquid formulation of a
fixed-dose combination of morphine and oxycodone are promising.® In two small double-
blind, two-period crossover studies of patients with chronic non-cancer pain, a liquid
formulation of oxycodone and morphine produced 36% and 40% reductions in morphine
equivalence over 3-7 days of therapy per arm. One study reported fewer cases of nausea and
the other fewer cases of constipation.

Conclusion

The data described in this paper suggest that the use of a combination of morphine and
oxycodone would significantly reduce the total opioid dose used by the patient. This would
benefit patients not only from the analgesic standpoint but also in terms of the burden of
side-effects, as pain physicians face a daily battle to find the balance between adequate pain
relief and adverse events for patients with acute and chronic pain. Much research is still
needed, but evidence and support are growing for therapies that do more than simply
combine two agents with similar effects.
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Panel discussion

Discussion

CHARLES E INTURRISI, BRUCE NICHOLSON, GAVRIL W PASTERNAK

Charles Inturrisi: Dr Pasternak, the primary focus of your talk was how the receptor and
its subtypes might lead to diversity among patient responses. Some evidence suggests that
different receptor ligands can signal differently through a single G-protein-coupled
receptor. One opioid thus might bind to the opioid receptor and create a different signal to
another opioid, which would of course be a further consideration in addition to the
pharmacogenetic issues you addressed.

Gavril Pasternak: The ligands for some G-protein-coupled receptors do have different
activation profiles. Although we talk about ‘the receptor’, it does not exist in isolation but
within a cell, where it is surrounded by a host of accessory proteins that define the
transduction pathways and systems occurring within the cell. If different accessory proteins
are available to one type of receptor in two different cells, the receptor—protein complex
might be different between the two cells, so the cells might have different pathways of
transduction, even though the ligand and receptor for each are the same. In the opiate field,
there is a suggestion that the efficacy of opioid agonists can vary from one receptor subtype
to another within the p-receptor splice variants, although the evidence is not conclusive at
this time. It may be, therefore, that your hypothesis is correct for opiates and that the
mechanisms of the opioid receptor are more complicated than first anticipated. To
complicate the situation further, the G-protein-coupled receptors also have a tendency to
associate with other G-protein-coupled receptors and dimerize to form receptor-receptor
complexes. The receptors in the dimer might be identical (homodimers), or receptors from
different classes and families might dimerize: the latter is observed when somatastatin or f3-
adrenergic receptors dimerize with opiate receptors. Our work with a dimer between the
ORLI receptor and the p receptor shows that dimerization often changes the pharmacology
of the receptors. Thus, a p receptor in one cell may dimerize with receptor X, while a p
receptor in another cell may dimerize with receptor Y, which will change both receptors’
pharmacologies, including their transduction pathways. This emphasizes the need to
empirically try different drugs in different patients, because it is not possible to predict
which drug will be best for a specific patient.

Charles Inturrisi: This could mean that it is not necessary to confirm that two different
opiates have clearly different mechanisms of action, or sites of action, to justify using them
in combination. When the World Health Organization (WHO) made its global
recommendations,' it made sense to identify a single primary opiate, such as morphine, as
the drug that should be available everywhere in the world for pain management, and the
suggestion of using opiates in combination was a complexity that probably was not needed
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for the purpose of the document at that time. This is likely to be the start of the idea that
opiates should not be mixed, rather than the suggestion that outcomes with opiate
combinations would not be better than expected. Even if there is no solid preclinical
mechanistic basis for combining opiates yet, properly designed clinical studies might allow
us to determine whether or not an appropriately constituted combination of opiates
improves efficacy or simply reduces side-effects.

We know that these various mechanisms work at a systems level and that the opiates differ
in other properties — for example, methadone has effects on transmitters and N-methyl-p-
aspartic acid (NMDA) receptors — so it is conceivable that some of the incomplete cross-
tolerance might be related not only to receptor events but also to signalling and system
events involved with properties of the drug other than their primary binding to an opioid
receptor.

Gavril Pasternak: I think you are right, but I would argue that all system events will be
downstream of receptor events.

Bruce Nicholson: When preclinical data, current knowledge about different subpopulations
of opioid receptors, the availability of a wide range of opiates and the interpatient variability
of responses to opiates are considered, are the WHO recommendations the true gold
standard for analgesia?

Gavril Pasternak: When the WHO formulated their guidelines,' a very large population of
patients had totally inadequate pain control, and I do not think the recommendations were
meant to imply that morphine is the best drug for all patients. It was a cheap drug, which
meant that it was affordable, and this is important, especially in the setting of worldwide
usage. Just being able to get that one drug to many countries that would not necessarily
have access to it was therefore important for the 70-80% of patients who can be adequately
controlled by morphine. On the other hand, in the USA, for example, perhaps 10-20% of
patients do not respond well to morphine, and morphine is therefore not the gold standard.
Other considerations are important, however, such as expense, ease of use and complexity of
use. Methadone is a typical example, it is an excellent drug, in that it is a very effective
analgesic, but it is not easy to use, particularly because of its long half-life. It is now
common for physicians to try to give an inexpensive long-acting opiate such as methadone,
but they are not necessarily adequately trained in the use of methadone, which is truly
unique among the opiates, and they are encountering major problems. Simplicity and safety
are thus the two basic issues in the USA. Overall, morphine is not necessarily the best drug,
but it is the gold standard because it is the most studied and provides a good comparator for
new drugs.

Charles Inturrisi: A number of years ago, problems with drug dependence gave this issue a
different perspective — that of the Drug Enforcement Administration (DEA) in the USA.
The DEA believed that if consensus could be reached on a single synthetic opioid, it would
not be necessary to grow opium poppies throughout the world and control of opiates would
be much simpler. The consensus at the time, however, was that multiple opiate drugs
needed to be available, because although one opiate might be effective for a significant
fraction of the population, opiate rotation is necessary to provide a large number of patients
with adequate opiate analgesia. I do not think we are ready for a single opiate yet. I still start
patients on morphine because most patients respond well to this drug, but patients in a
subpopulation may, for various reasons, benefit from switching to another opiate. The
burden is on physicians who want to switch from the gold standard to provide good
evidence to prove that there is a significant advantage in effectiveness compared with a
population-wide approach using morphine.
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Bruce Nicholson: The literature is lacking in high-quality studies that compare one opiate
with another, but enriched trials in patient populations may help us to confirm the
preclinical findings in the clinical setting.

Gavril Pasternak: Enrichment studies may have a real role in identifying the
subpopulations or subgroups of patients for whom a specific therapy may be more effective
than in the population as a whole. Anecdotally, about one-third of patients respond well to
amitriptyline for pain management, while two-thirds do not. A drug that works in only
10-15% of the general population may not be appealing from a marketing perspective, but
those 10-15% of patients would like to have access to that drug. This emphasizes the
difference between looking at studies and populations and looking at an individual patient,
which is the physician’s role. An improved perspective on which patients may be more
sensitive to a specific drug and why individualization of therapy is so important is needed.
On this basis, the more opiates that are available in the clinical armamentarium, the greater
the flexibility for physicians and the more likely they are to find a medication that works for
an individual patient.

Bruce Nicholson: Anecdotally, I see the same pattern with opiates that you report with
amitriptyline. Some patients prescribed one opiate return and report absolutely no
improvement in their pain, but a different opiate will provide them with excellent relief.
The challenge is to translate these anecdotal findings in the clinic, which probably relate to
the different subtypes of receptors, into good clinical trials that then can support clinical
practice.

Gavril Pasternak: Intriguingly, a population of patients genetically defined by sickle cell
disease all report that meperidine specifically provides them with the best relief.

Bruce Nicholson: I also see that pattern. In addition, although the vast majority of
individuals with migrainous headache will not take meperidine, a small subpopulation of
patients with migraine report that it is the only drug that seems to abort their migraine
headaches.

Gavril Pasternak: The concept of subpopulations is absolutely critical when considering
patients with more refractory pain.

Bruce Nicholson: This could justify a move to combination opiate therapies early in the
treatment pathway in order to allow more effective management of the subpopulations of
patients with refractory pain.

Gavril Pasternak: That would be a rather broad approach, but if the safety issues can be
addressed, it could be argued to be not unreasonable. The most important issue in my view
is the issue of safety with combination therapies. Many patients are incapable of taking an
antibiotic four times a day for 10 days without missing doses, and would therefore be very
confused by a programme in which they have to take methadone every 6 hours and
morphine every 4 hours. Combination therapies will probably need to include drugs with
similar half-lives and a simple schedule that people can easily follow.

Charles Inturrisi: All of the issues of combination therapy relate to patient management
and the concept of keeping open a therapeutic window. Some approaches are intended to
keep the window open from the point of view of rotating to another opiate that might
provide a better balance of therapeutic and adverse effects; others are aimed at reducing the
side-effects, while maintaining the therapeutic effect of the opioid. One question that needs
to be answered for opioid combinations is whether or not they can produce adequate
analgesia, so studies need to be designed to show whether or not the analgesic effect of a
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combination is at least as effective, but hopefully more effective, than the effect from either
drug alone. Although most patients obtain relatively good pain relief with opioids, the side-
effects almost always impede the ability to titrate the dose effectively, so another issue to be
addressed in clinical trials is whether or not manipulation of the doses in the combination
can lead to reductions in side-effects. The argument against this concept is that many
opioids have similar profiles, while the argument for it is that some individuals have much
less sensitivity to one of the side-effects of a particular opioid than to the same side-effect
from another opioid. A combination that provides equivalent analgesia but with lower levels
of the limiting side-effects such as constipation and nausea and vomiting would be very

useful.

Gavril Pasternak: The side-effects that are most difficult to manage, particularly in the
acute postoperative setting, are nausea and vomiting. Constipation is usually a problem later
in the recovery period. Some measures can be implemented to handle many of the cases of
constipation, but nausea and vomiting produce such an adverse sensation that some patients
refuse to take any opiate analgesics. When patients are taking opiates outside the operative
situation, however, somnolence becomes much more of an issue.

Problems with opiate side-effects can be divided into two different issues: acute versus
chronic. Nausea and vomiting seldom come into play with chronic opiate therapy, which
is more related to development of tolerance and sedation. Cognitive dysfunction and
anticholinergic side-effects are another major issue in patients receiving chronic opiates,
particularly elderly people. Combination therapies or approaches that have an impact
from that perspective thus have important applications for long-term management of
pain.

Bruce Nicholson: There seems to be a lack of connection between the preclinical data and
the clinical research undertaken to date. For example, there does not seem to have been any
real attempt to determine whether or not oxycodone-morphine combinations might have
synergy. Is this a target, or would it be sufficient to achieve good analgesia and reduced side-
effects?

In their study in patients with advanced cancer, Lauretti et al’ attempted to address issues of
synergy when they discussed equivalency ratios between morphine and oxycodone.
Equivalencies are variable from paper to paper, however, so it is difficult to compare
potencies of drugs. The outcome in the study by Lauretti et al was based more on
identifying whether equivalent amounts of drug provide similar responses in terms of
improvement in pain control with less opiate, recognizing that this may have a positive
impact on the side-effect profile. The study of postoperative pain by Blumenthal et al® also
looked at whether it was possible to decrease the overall opiate requirement while
improving the side-effect profile. In the perioperative period, analgesia is the end goal of
choice, but the side-effect profile is probably the most distressing and difficult issue to deal
with in terms of getting patients out of the postoperative care unit and hospital, and this
certainly needs to be addressed in studies. Such studies are easy to undertake in rats, for
example, but hard to undertake in the human population, because pain is not the only
consideration. The study that most closely addressed this issue was the cold pressor study by
Grach et al;* the question is whether other models might more effectively replicate the
perioperative setting.

Gavril Pasternak: In animal systems, which usually involve tail-flick assays, cold-water
assays provide very different results to warm-water assays. Both are very painful, but the
sensitivities and effective doses to produce a desired effect in half the test population (EDj)
could be dramatically different.
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Charles Inturrisi: I recommend that any studies of combinations should include each drug
alone, otherwise it is hard to evaluate the data and interpret the results. The results from
each drug alone provide researchers with a better feel for whether or not the effects are
likely to have been additive, subadditive or superadditive.

Gavril Pasternak: In mice, we found profound synergy between morphine and methadone,
codeine and methadone, and several other combinations, but that synergy was not seen with
almost all of the other opiates. This means that choosing combinations that may work will
not be simple, because some may work very well and others may not. To make matters
worse, certain combinations may work better in one group of patients than in another
group, and different species may not have the same type of interactions as others — in other
words, studies in mice, rats and humans can give very different results with the same two
drugs. Preclinical evidence is sufficiently intriguing to justify investigating these effects in
clinical populations.

Moderator: Could there be some synergistic actions with different p activity from two
different compounds beyond the lower morphine equivalent dose?

Gavril Pasternak: There would be a major advantage for a combination that maintains
efficacy and diminish side-effects. Most of the problems with clinical studies arise from the
variability among the patients. As I mention in my paper, different strains of mice show
varying levels of sensitivity, with one strain experiencing 90% analgesia and another 0%
analgesia with the same dose of morphine.” Data for an individual strain of mouse will
therefore have an ED;, with a narrow confidence interval, but data from strains of mice with
varying sensitivities would produce an EDj that varied depending on the relative abundance
of the different strains. In the real world, that may be the difference between a study in Italy
and a study in England, and the result would be an extremely enlarged error assessment,
with broad confidence intervals that would make it difficult to prove any findings. It may be
useful to try some studies in subgroups of patients for whom the relative sensitivity is
already broadly known or to use a patient as their own control to avoid the genetic
variability and genetic background. Studies in which it is possible to test drug A, drug B and
their combination in the same population and the same patient would be very helpful in
assessing the interactions about these drugs.

Charles Inturrisi: About four years ago, I undertook a literature search of analgesics,
including analgesic combinations of opiates and of opiates with non-opiates, and did not
identify a single study that met the criteria for demonstrating synergy. Extrapolation from
animal models has been very difficult, and, of course, all of the preclinical studies were
designed on the basis of an animal model that showed synergy. Clinical studies have not
been able to show synergy, although that does not mean that synergy is not present.

Gavril Pasternak: Too often, researchers assume that if a study does not show synergy,
then it proves that there is no synergy; however, it is more difficult to prove that something
does not exist than to provide that it does, and studies thus are not necessarily confirming
that drugs are not acting synergistically.

Charles Inturrisi: For years, drug companies have been trying to develop an opiate that is
as good as morphine but has fewer side-effects and lower potential for abuse. From the
practical point of view, the FDA should be interested in reducing patients’ distress, so a
combination that is as good as current drugs but produces fewer side-effects could make an
enormous contribution, even if synergy cannot be shown.

There is definitely a place for a product that produces the same efficacy as morphine but
with reduced side-effects.
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Gavril Pasternak: I think that we are fooling ourselves if we think that we really understand
fully how these drugs work. We build models based on our best information, and then 10
years later we find out something new and have to change our models. Twenty years ago,
morphine-6-glucuronide was known to be a morphine metabolite, but was thought to be of
no significance. It is always nice to understand the mechanism in order to build constructs
and our models, but the real issue is not the model but how the drug behaves in patients. If
it works in patients, we may be able to find out how it works as best as we can, but it is not
reasonable to ignore the clinical data because a model predicts that it should not work. It is
more important to show that it achieves the desired outcomes in clinical trials.

Charles Inturrisi: The only other caveat is that studies are designed primarily to show
efficacy and not to show reductions in side-effects as a primary outcome. Studies should be
designed so that analgesia is equally effective, so that issues relating to side-effects can be
considered. The numbers of patients are also likely to be considerably more than the
numbers involved in a conventional study to show that the combination of A + B is
equivalent to the additive effects of A and B.
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