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Study objectives

The objectives of the present study were:

I. To assess the effects from start of morphine treatment to cancer pain
patients in respect to time needed for dose-finding, dose needed for
pain control and adverse symptoms.

II. To assess the effects from start of morphine treatment to cancer pain
patients on health related quality of life.

III. To compare the efficacy of start of morphine treatment with sustained
vs. immediate release morphine.

IV. To investigate the relationships between serum concentrations of
morphine, M6G and M3G and subjective symptoms during start of
therapy and after long-term morphine administration.

V. To assess the feasibility of a Norwegian translation of the Brief Pain
Inventory questionnaire



Introduction

WHO guidelines for pain treatment of cancer
patients

The leading principle for pain management of cancer pain today has been
stated by the WHO in the pain ladder (fig.1) (World Health Organisation,
1996). The WHO pain ladder is based on a three-step approach for pain
treatment.

Fig. 1: WHO Pain Ladder.

Step one is the use of non-opioids such as acetaminophen or NSAIDs. Step
two escalates treatment to the use of an opioid for mild to moderate cancer
pain combined or not combined with a non-opioid analgesic. In Norway the
dominating opioid for mild to moderate cancer pain is codeine with
dextropropoxyphene as the other commercial available alternative. Both are
marketed in tablets also containing acetaminophen. Thus, the addition of the
non-opioid analgesic acetaminophen is nearly obligate in Norway during step
two treatment. If pain persists or increases despite administration of a step two
opioid the pain treatment is changed to an opioid for moderate to severe
cancer pain. Morphine is the most frequently used opioid for moderate to
severe cancer pain, but several alternative opioids are in clinical use. These
alternatives vary between different countries possibly due to clinical tradition



and marketing related circumstances. In Norway the commercial available
alternatives suitable for long-term treatment of cancer pain are IR morphine,
SR morphine, IR oxycodone, controlled-release oxycodone, fentanyl patches,
IR ketobemidone and controlled-release ketobemidone.

Validation of the WHO guidelines for treatment of
cancer pain

The principles in WHO guidelines are supported in the majority of reviews on
pain therapy for cancer patients (Levy, 1996; Foley, 1985; Donnelly et al.,
2002; Jacox et al., 1994b; Bruera & Neuman, 1999a; Twycross, 1994). In
1993 more than 250.000 copies of the guidelines were distributed throughout
the world (Jadad & Browman, 1995). The WHO principles are implemented
in most hospital, national and regional guidelines for treatment of cancer pain
(Borchgrevink, 2001; Jacox et al., 1994; Hanks et al., 2001).

The validation of the WHO guidelines is based on prospective observational
studies. Zech et al. followed 2118 cancer pain patients during a total of 40478
treatment days (Zech et al., 1995). The intensity of pain therapy corresponded
to step one of the WHO pain ladder in 11% of treatment days, to step two for
31% of treatment days, while pain treatment was escalated to step three for
49% of the treatment days. Good pain relief was reported by 76% of the
patients, satisfactory pain relief by 12% and 12% of the patients reported
inadequate pain relief. The study by Zech et al., however, has some
limitations in respect to generalizability of the findings to other countries.
First, in this German study tramadol, a combined weak opioid agonist and
serotonine/noradrenaline reuptake inhibitor, was the most used step two
analgesic. In contrast tramadol is not considered a part of the pain ladder for
treatment of cancer pain in Norway (Borchgrevink, 2001). Second, the study
did not state whether the levels of analgesia were better than those achieved
before implementation of the WHO pain ladder. A recent longitudinal
observational study published in 2001 surveying 593 cancer patients
replicated the findings from the study by Zech et al.. This later study, also
originating from the University of Cologne, Germany, demonstrated that the
analgesic efficacy from the use of the WHO pain ladder was good for 70%,
satisfactory for 16%, and inadequate for 14% of the patients (Meuser et al.,
2001).
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Regional guidelines for treatment of cancer pain

In Europe the EAPC has published detailed recommendations for the use of
opioids for treatment of cancer pain. The guideline was first presented in 1996
with a revised version of the guidelines published in 2001 (Expert Working
Group of the European Association for Palliative Care, 1996; Hanks et al.,
2001). The recommendations are based upon scientific evidence or if
evidence not available upon consensus from an European expert panel. The
recommendations are summarized into twenty treatment strategies for the
administration of opioids to cancer pain patients (table 1). The 1996 EAPC
guidelines described the use of morphine. Recognizing the lack of data from
randomized controlled trials comparing the use of opioids for cancer pain the
2001 EAPC guideline was extended to cover the use of alternative opioids.
The 2001 guidelines categorized the scientific level of evidence for each
specific advice. These evaluations show that much of the treatment for cancer
pain is not scientific tested but based upon tradition or expert opinions (table
1). The guidelines published in 2001 represent the prevailing treatment
recommendations. The 1996 guidelines are essential for this thesis since these
recommendations were valid during the planning and performance of the
studies presented in the thesis. None of the recommendations relevant to the
issues of this thesis were revised in the latest issues of the EAPC guidelines.
Consequently, the findings of the paper I-IV are relevant to the 2001 version
of the EAPC guidelines for the use of morphine and alternative opioids in
cancer pain.

The US counterpart of the European guidelines for treatment of cancer pain,
the Agency for Health Care Policy and Research Guidelines for Cancer Pain
Management, follows the same principles for treatment (Jacox et al., 1994a).
The US guideline is more comprehensive in respect to other treatments for
cancer pain and does not take a stand on the choice of a particular opioid. The
value of implementing treatment recommendations for the treatment of cancer
pain has been studied by Du Pen et al. who compared the use of the US
guidelines with standard care in a randomized study on cancer pain patients
(Du Pen et al., 1999). Patients receiving guideline directed treatment had less
pain but equal intensity of other symptoms and global quality of life as
patients receiving standard care.
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Table 1.
Morphine and alternative opioids in cancer pain: The EAPC recommendations

No Recommendation Strength of
evidence
1 The opioid of first choice for moderate to severe cancer pain is C
morphine
2 The optimal route of administration of morphine is by mouth. C

Ideally two types of formulation are required. Normal release
(for dose titration) and modified release (for maintenance
treatment)

3 The simplest method of dose titration is with a dose of normal C
release morphine given every 4 hours and the same dose for
breakthrough pain. The rescue dose may be given as often as
required (up to hourly) and the total daily dose of morphine
should be reviewed daily. The regular dose can then be adjusted
to take into account the total amount of rescue morphine.

4 If pain returns consistently before the next regular dose is due A
the regular dose should be increased. In general, normal release
morphine does not need to be given more often than every 4
hours and modified release morphine more often than 12 or 24
hours (according to the intended duration of the formulation).

Patients stabilized on regular oral morphine require continued
access to a rescue dose to treat breakthrough pain

5 Several countries do not have a normal release formulation of C
morphine, though such a formulation is necessary for optimal
pain management. A different strategy is needed if treatments
started with modified release morphine. Changes to the regular
dose should not be med more frequently than every 48 hours,
which mean that the dose titration phase will be prolonged.

6 For patients receiving normal release morphine every 4 hours, a C
double dose at bedtime is a simple and effective way of
avoiding being woken by pain

7 Several modified release formulation are available. There is no A
evidence that the 12-hourly formulations (tablets, capsules or
liquids) are substantially different in their duration of effect and
relative analgesic potency. The same is true for the 24-hour
formulations though there is less evidence to draw on.
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Table 1. cont.
Morphine and alternative opioids in cancer pain: The EAPC recommendations

No Recommendation Strength of
evidence
8 If patients are unable to take morphine orally the preferred C

alternative route is subcutaneous. There is generally no
indication for giving morphine intramuscularly for chronic
cancer pain because subcutaneous administration is simpler and
less painful

9 The average relative potency ratio of oral morphine to C
subcutaneous morphine is between 1:2 and 1:3 (i.e. 20-30 mg of
morphine by mouth is equianalgesic to 10 mg by s.c. injection)

10 In patients requiring continuous parenteral morphine, the C
preferred method of administration is by subcutaneous infusion

11  Intravenous infusion may be preferred by patients: a. who C
already have a in-dwelling intravenous line; b. with generalized
oedema; c. who develop erythema, soreness or sterile abscesses
with subcutaneous administration; d. with coagulation
disorders; e. with poor peripheral circulation

12  The average relative potency ratio of oral to intravenous A
morphine is between 1:2 and 1:3

13 The buccal, sublingual and nebulized routes of administration B
of morphine are not recommended because at present time there
is no evidence for clinical advantage over the conventional
routes

14  Oral transmucosal fentanyl citrate (OFTC) is an effective A
treatment for breakthrough pain in patients stabilized on regular
oral morphine or an alternative step 3 opioid

15  Successful pain management with opioids requires that B

adequate analgesia be achieved without excessive adverse
effects. By these criteria the application of the WHO and the
EAPC guidelines (using morphine as the preferred step 3
opioid) permit effective control of chronic cancer pain in the
majority of patients. In a small minority of patients adequate
relief without excessive adverse effects may depend on the use
of alternative opioids, spinal administration of analgesics or
non-drug methods of pain control
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Table 1. cont.
Morphine and alternative opioids in cancer pain: The EAPC recommendations

No Recommendation Strength of
evidence
16 A small proportion of patients develop intolerable adverse B

effects with oral morphine (in conjunction with a non-opioid

and adjuvant analgesics as appropriate) before achieving
adequate pain relief. In such patients a change to an alternative

opioid or change in the route of administration should be
considered

17  Hydromorphone or oxycodone, if available in both normal A

release and modified release formulations for oral
administrations, are effective alternatives to oral morphine.

18  Methadone is an effective alternative but may be more C
complicated to use compared with other opioids because of
pronounced interindividual differences in its plasma half-life,
relative analgesic potency and duration of action. Its use by
non-specialist practioneers is not recommended.

19  Transdermal fentanyl is an effective alternative to oral B
morphine but it is best reserved for patients whose opioid
requirements are stable. It may have particular advantages for
such patients if they are unable to take oral morphine, as an
alternative to subcutaneous infusion.

20  Spinal (epidural or intrathecal) administration of opioid B
analgesics in combination with local anaesthetics or clonidine
should be considered in patients who derive inadequate
analgesia or suffer intolerable adverse effects despite the
optimal use of systematic opioids and non-opioids

Level of evidence: A, requires at least one randomized controlled trial as part
of a body of literature of overall good quality and consistency addressing the
specific recommendation; B, requires the availability of well-conducted
clinical studies but no randomized clinical trials on the topic of
recommendation; C, requires evidence obtained from expert committee
reports or opinions and/or clinical experiences of respected authorities.
Indicates an absence of directly applied clinical studies (Hanks et al., 2001)
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Critical remarks to the WHO guidelines for treatment of
cancer pain

The major objection against the WHO guidelines is the lack of a scientific
validation of the treatment principles. The validation of the WHO guidelines
is based upon prospective observational studies showing that treatment
following the WHO three step pain ladder gives satisfactory pain relief for
most (90%) patients (Zech et al., 1995; Meuser et al., 2001). However, the
literature does not provide evidence on the effectiveness of the WHO ladder
compared to other treatment approaches (Jadad & Browman, 1995). It is
important to recognize that the WHO guidelines were developed in order to
increase the quality of pain treatment as early as 1986. An important feature
was to propose a simple and low cost treatment that could be implemented in
undeveloped countries. It is conceivable that 15 years later in countries not
restricted by the lack of resources other approaches for pain treatment could
give even better results than the use of the WHO three step pain ladder. This
view was stated eloquently by Jadad and Bowman in the title of a 1995 JAMA
paper; “The WHO analgesic ladder for cancer pain management. Stepping up
the quality of its evaluation” (Jadad & Browman, 1995).

Another criticism is that the WHO pain ladder is incomplete. The WHO pain
ladder does not illustrate important parts of treatment of cancer pain such as
radiotherapy, palliative surgery, palliative cytotoxic treatment, physiotherapy
and psychological support. Also, the pain ladder does not illustrate the
alternatives in respect to routes, the use of neuroaxial applied local anesthetics
or the use of neurolytic blocks (Ahmedzai, 2001; Breivik, 2001). The
simplicity of the WHO pain ladder is an important factor for it success, but it
is vital to recognize that the WHO pain ladder only represents a skeleton of a
minimum standard for cancer pain treatment that must be extended by
physicians responsible for delivering palliative care.

It is an evolving understanding underlining the importance to not make a
distinction between ongoing anticancer treatment and palliative care.
Treatment of cancer patients was traditionally divided in three phases. First,
the patient is treated with the sole purpose of cure from cancer. Second, for a
period of time treatments are life prolonging. Only after the hope of cure or
prolongation of life is abandoned the goals of patient treatment have been
directed at palliative care issues. This distinction of treatment is artificial since
most patients are in need for symptom control also when the cancer disease is
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the main treatment target (fig. 2) (Kjer, 1997; Kaasa & De Conno, 2001).
Further, there are no reasons in favor of withholding palliative care since such
care will not interfere with the efficacy of anticancer treatment and the risk for
complications such as addiction in survivors is neglible (Paice et al., 1998).

Fig. 2: Palliative care as an integrated approach in all stages of cancer patient
treatment (from Kaasa & De Conno, 2001)
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The last revision of the WHO guidelines was published in 1996. The
appropriate shelf time for guidelines is not established, but a general rule of
three years between reassessments has been proposed (Shekelle et al., 2001).
However, in a paper studying intervals between reassessments of guidelines
the 1994 US practice guideline for management of cancer pain was
considered to need only minor updates (Jacox et al., 1994a, Shekelle et al.,
2001). Also the minor changes between the EAPC guidelines published in
1996 and 2001 indicate that the WHO guidelines is not out-dated (Expert
Working Group of the European Association for Palliative Care, 1996; Hanks
etal., 2001).

Knowledge of the principles for treatment of cancer
pain

Despite the current knowledge and multiple available measures for the
treatment of cancer pain, surveys on symptom prevalences amongst cancer
patients and surveys on the knowledge of treatment principles for cancer pain
consistently show defiances. Cleeland et al. surveyed the intensity of pain in
1308 outpatients with metastatic cancer and observed that 42% of those with
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pain were not given adequate analgesic therapy (Cleeland et al., 1994).
Melsom and Wist reported that 50 of 52 patients admitted for palliative care
experienced pain at admission indicating increased intensity of pain therapy
(Melsom & Wist, 2001). A high prevalence of patients with unacceptable pain
was also observed in patients on ongoing morphine therapy admitted to our
hospital (fig.3)(paper V). These findings may indicate that pain intensity is
often higher than normally accepted.

Fig. 3: Distribution 50 -
of BPI scores on the
item “average pain

last 24 hours” in a 40
patients admitted to 5
hospital receiving § 301
morphine. 0 —no 'S
pain, 10- pain as bad 8 20
as you can imagine E

(paper VI).

-
o
L

0 12 3 4 5 67 8 9 10
BPI Average pain score

Surveys on the physicians’ self reported knowledge of cancer pain treatment
also show a potential for improvement. In an US 1996 survey 98% of
residents prescribed an opioid for cancer pain, but only 18% of the
prescriptions were for regular use and 88% did not provide rescue analgesics.
Further, only 24% of the residents increased the doses sufficiently in
persistent severe pain (Sloan et al., 1996). In a Norwegian survey published in
1994 including 306 physicians treating cancer patients, 86% were willing to
prescribe opioids for moderate to severe for cancer pain but in cases were
opioids were appropriate 46% of the physicians prescribed to low doses
(Warncke et al., 1994). The majority of physicians (72%) believed that their
education in treating cancer pain was insufficient. In a survey in our hospital
health care workers generally believed that the treatment of cancer pain is
highly prioritized, and the health care workers were satisfied with the
treatment results in most cases (physicians 94%; nurses 78%)(Skauge et al.,
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1996; Skauge et al.,, 1998). Both physicians and nurses were more often
satisfied with pain control in cancer patients with pain than for those having
chronic non-malignant pain. These studies did not compare the health care
workers perceived results from pain treatments with patients’ self-reports of
pain. Whether the differences between these two Norwegian surveys in
physicians’ reports of their understanding of cancer pain treatment are caused
by improved knowledge during the years between the surveys, by differences
between hospitals or by differences in study design is not known. One shared
limitation is that self-evaluations of clinical skills are not necessarily related
to the actual level of performance (Cherny & Catane, 2001).

Start of morphine

The three step approach

The WHO pain ladder and the EAPC guidelines recommend that an opioid for
moderate to severe cancer pain is not started before the patient experience
inferior pain relief from an opioid for weak to moderate pain (World Health
Organsation, 1996; Hanks et al., 2001). It has been argued that the opioid
included into step two of the WHO pain ladder can be replaced with a low
dose of an opioid for moderate to severe pain (Grond & Meuser, 1998). The
most used step two opioid codeine is metabolized to morphine in the liver,
and some researchers propose that codeine partly can be regarded as a prodrug
with morphine as the active substance (Poulsen et al., 1996). Because about
10% of Caucasians lack the CYP2D6 enzyme that catalyze codeine O
demethylation to morphine it can be argued that direct start with a low
morphine dose is more effective (Alvan et al., 1990). Few studies compare the
WHO three step pain ladder with an alternative two step ladder applying a
direct escalation of treatment from non-opioids to a low dose of an opioid for
moderate to severe cancer pain. Mercadante et al. randomized 32 patients
suffering from cancer pain to treatment with SR morphine (20 mg daily) or
with dextropropoxyphene (Mercadante et al., 1998b). They found equally pain
relief in the two study groups, but morphine resulted in higher intensity of
xerostomia, nausea and drowsiness during the first ten days of treatment.
Three of the 16 patients randomized to dextropropoxyphene were maintained
on the same drug until death. For the majority of patients, however, the time
interval where step two opioids are in use is short. De Conno et al. observed
that the numbers of patients still benefiting 4 weeks after start of treatment
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were for dextropropoxyphene 29/107, for codeine 30/132 and for pentazocine
26/139. The corresponding numbers after 14 weeks were 3/107, 9/132 and
1/139, respectively (De Conno et al., 1991). An increased frequency of
adverse effects associated with direct start of an opioid for moderate or strong
cancer pain was supported in an open study comparing start of transdermal
fentanyl 25 pg/h to patients without any previous use of an opioid (n=14)
versus start of transdermal fentanyl 25 pg/h to patients using codeine (n=14)
(Vielvoye-Kerkmeer et al., 2000).

The arguments in favor of the continued use of a step two opioid for mild to
moderate pain are several. First, the use of opioids for mild to moderate pain
serves as an educational tool for physicians and patients making them more
familiar with the concept of opioid therapy. Second, opioids for mild to
moderate pain are more freely available since prescription of oral opioids for
moderate to severe pain is restricted for use by governmental rules or even in
some countries not available (Pargeon & Hailey, 1999). Third, to exclude
opioids for mild to moderate pain can postpone start of opioids for moderate
to severe pain because of patient barriers related to fear from addiction or fear
of that early treatment decreases efficacy at a more terminal stage of the
cancer disease (Grond & Meuser, 1998; Pargeon & Hailey, 1999; Weiss et al.,
2001). Thus, the three step pain ladder, including the use of a step two opioid
for mild to moderate pain, is more based upon practical feasibility, availability
and health politics than pharmacological reasoning.

The start of an opioid for severe pain is a critical
incident

The initiation and titration of an opioid for moderate and severe pain is critical
during individual patient treatment. The time to start opioid treatment is most
often associated with progressive disease, and most patients receive several
other treatments. Also, per definition the pain itself is not controlled. The
experience of pain is a direct burden on the patients’ total situation and the
patients will, often rightly, interpret increased pain as a sign of disease
progression.

Findings in patients on long-term morphine treatment are not equal to findings

in opioid naive patients. A principle difference between morphine treatment
during start and long-term treatment is that tolerance to side effects has yet to
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develop at the time of start of opioid administration. Bruera et al. showed that
escalations of opioid doses increased cognitive impairment as measured by
the MMS (Bruera et al., 1989). The cognitive impairment associated with
dose increments disappeared after one week. This effect, however, was not
reflected in the patients’ self-reports of confusion. Bruera et al. also observed
that drowsiness and nausea are increased after morphine dose adjustments
(Bruera et al., 1989). The importance of differentiating between chronic and
naive opioid users was also shown in a study by Shore et al. applying the risk
for hip fracture as a primary end-point (Shore et al., 1992). In this study the
relative risk for hip fractures in elderly new users of codeine or
dextropropoxyphene was 2.2 compared with non-users, while chronic users of
the two opioids had only slightly elevated risk for hip fractures (relative risk
1.3 compared with non-users). The importance of previous opioid use for
symptoms associated with start of an opioid was also illustrated in the study
by Vielvoye-Kerkmer et al. (Vielvoye-Kerkmeer et al., 2000). They observed
that side effects after start of fentanyl patches (25 pg/h) were more frequent in
opioid naive patients than in patients previously consuming codeine.

Studies on start of morphine

Despite the frequent and widespread use of morphine few studies have
assessed how to optimize treatment start. The time needed for morphine
titration in previously morphine naive cancer patients is reported by
Vijayaram et al., who observed a mean titration duration of four days until
satisfactory pain control (Vijayaram et al., 1990). However, that paper did not
describe the procedure for morphine titration or the mean effective morphine
dose. In another study, including 28 patients needing escalation of pain
treatment from step two to step three in the WHO pain ladder, the patients
used for dose finding PCA morphine for 24 hours until switched to SR
morphine with additional PCA morphine for breakthrough pain (Radbruch et
al., 1999b). At the time the patients needed two or less PCA boluses daily, the
PCA was terminated and rescue morphine changed to oral morphine. With
this approach stable oral treatment was achieved after a median of four days
and three quarter of the patients rated this method as good.
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Studies on start of other opioids

In a study on start of oxycodone for cancer pain Salzman et al. reported that
dose titration was accomplished as readily with oral controlled release
oxycodone as with IR oxycodone. However, the majority of patients included
into this study were at the time of inclusion treated with other opioids for
moderate to severe pain. Consequently, this study was not designed in order to
conclude on the use of SR versus IR formulations during start of opioid
therapy. Another limitation with this study was that the treatments were not
blinded (Salzman et al., 1999).

Zech et al. reported the use of PCA dose finding before start of transdermal
fentanyl (Zech et al., 1992). The direct start of fentanyl patches have been
described by Grond et al. and Korte et al. who reported successful titration of
transdermal fentanyl in 50 and 39 cancer patients, respectively (Grond et al.,
1997; Korte et al., 1996).

Morphine, M6G and M3G pharmacology

Morphine metabolism

Oral morphine is extensively absorbed from the intestines (Milne et al., 1996).
Mazoit et al. showed that there was no concentration gradient between the
mesenteric artery and the superior mesenteric vein indicating no gut wall
metabolism of morphine (Mazoit et al., 1990). As a result morphine reach the
liver in unaltered form. In the liver morphine undergoes an extensive first-
pass metabolism by the UGT2B7 enzyme which catalyses morphine at both
the 3- and 6-hydroxyposiotions into its two principle metabolites M3G and
M6G (fig. 4)(Coffman et al., 1997; Milne et al., 1996).

Fig 4: Morphine metabolism
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Morphine is also metabolized at a lower rate by the enzymes UGT1A8 and
UGT2A1 (Tukey & Strassburg, 2000). Pharmacokinetic modeling after oral
morphine to young healthy volunteers showed that 82% of morphine was
absorbed from the gut. Of this 42 % passed untransformed through the liver
resulting in an oral bioavailability of 34%. Of the total amount of M6G most
(71%) was formed during the first pass metabolism while the rest was formed
by metabolism of systemic morphine (Létsch et al., 1999). Morphine is
metabolized in humans to several other metabolites such as normorphine,
normorphine-6-glucuronide, = morphine-3-sulfate, and  morphine-3,6-
diglucuronide, but these substances are found in small concentrations
compared with M6G and M3G (Milne et al., 1996; McQuay & Moore, 1997).
Other sites than the liver have a potential to metabolize morphine as proved
by a small production of M3G and M6G during the anhepatic phase of liver
transplantation (Bodenham et al., 1989) and by that the total body clearance
exceeds hepatic clearance (Mazoit et al., 1990). One of the proposed sites for
extrahepatic metabolism is the lung. However, the difference between
morphine concentrations in the pulmonary and radial artery is small indicating
that pulmonary clearance of morphine is not important (Persson et al., 1986).
Renal morphine metabolism to M6G and M3G is demonstrated in animal
studies while studies on humans have not supplied clear evidence for a role
for the kidneys in morphine metabolism (Milne et al., 1996; McQuay &
Moore, 1997). A study by Wahlstr6m et al. demonstrated the formation of
morphine from M6G in the brain while Sandouk et al. demonstrated formation
of M3G and M6G after intracerebroventricular administration of morphine
(Wahlstrom et al., 1988; Sandouk et al., 1991). The clinical importance of
extrahepatic morphine metabolism is not established.

Concentrations of morphine and metabolites in serum

M6G and M3G are consistently found in higher serum concentrations than
morphine during chronic morphine therapy. M6G serum concentrations are
typically about 6 times higher than morphine serum concentrations and M3G
serum concentrations six times higher than the serum concentrations of M6G
(McQuay et al., 1990; Wollf et al., 1995; Tiseo et al., 1995; van Dongen et al.,
1994). These findings are present after a few days of treatment (paper IV) as
in patients on long-term morphine treatment. Patients receiving morphine by a
parenteral route have lower ratios of M6G and M3G relative to morphine
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because the first-pass metabolism is bypassed (Tiseo et al., 1995; Wollf et al.,
1996). The studies consistently show large interindividual variability in serum
concentrations. The M6G/morphine and M3G/morphine ratios vary widely
between patients while the ratio M3G/M6G is more stable (Faura et al., 1998).

Concentrations of morphine and metabolites in the
central nervous system

The results on BBB transport of M6G and M3G from animal studies are
conflicting. Poor permeability for M3G and M6G through the BBB is shown
in rats by injecting M3G and M6G tracers in the carotid artery (Bickel et al.,
1996). Data from arterio-venous gradients in the pig, however, demonstrated
rapid uptake of morphine from serum into the brain and high extraction of
M6G and M3G into the brain (Bjorkman et al., 1995). M3G and M6G exist in
extended and folded forms. The folded forms may mask part of the polar
group and consequently enhance transport through BBB (Carrupt et al., 1991).

Several studies on cancer pain patients suggest that M6G and M3G have less
ability to penetrate the BBB than morphine. During chronic oral morphine
therapy van Dongen et al. observed CSF/plasma ratios for morphine 0.9, for
M6G 0.09 and for M3G 0.12 (van Dongen et al., 1994). These findings are
close to observations in studies by Portenoy et al. and by Wollf et al.
(Portenoy et al., 1991b; Wollf et al., 1995). The effect site concentrations in
the brain extracellular fluid are also influenced by the transport of morphine
and metabolites into the brain cells. In animal studies Stain-Texier et al.
showed that morphine enters the brain cells while M6G is almost exclusively
retained in the extracellular fluid (Stain-Texier et al., 1999). It was also a
slower diffusion of M6G from extracellular brain fluid into the CSF. As a
consequence M6G may be trapped in the extracellular fluid in the brain and
thereby more available for interaction with opioid receptors. Pharmacokinetic
modeling after oral morphine has proposed that CSF/plasma ratios are not
representative for the ratios between effect site concentrations and serum
concentrations (Lo6tsch et al., 1999). In pharmacokinetic simulations the
effect site concentrations of M6G reach levels two times higher than for
morphine 80-100 hours after oral morphine administration (L6tsch et al.,
1999), which is considerable longer than the time needed for equibrillium
between CSF and plasma metabolite concentrations after aal morphine
(D 'Honneur et al., 1994). The delayed increase of brain extracellular fluid
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concentrations may explain some of the time delay from t.,x in serum
concentrations to maximal analgesic efficacy. In two studies, measuring
concentrations in extracellular brain fluid by the microdialysis sampling
technique, transport across the BBB counted for 85% and 50% of the
antinociceptive delay in onset after morphine and M6G administration in rats,
respectively (Bouw et al., 2000b; Bouw et al., 2001). The long onset time
after M6G administration is also demonstrated in humans who have 6.5 hours
M6G transfer half-life time from serum to effect site (L6tsch et al., 2001). The
complexity of the issues related to effect site concentrations has recently been
further illustrated by a report of a patient with head trauma showing higher
extracellular fluid morphine concentrations in brain areas near the head
trauma than in other parts of the brain (Bouw et al., 2000a). Whether regional
differences in extracellular fluid morphine concentrations and possible M6G
concentrations are present in patients without intracranial pathology is
unknown (Létsch & Geisslinger, 2001).

What determines morphine, M6G and M3G serum
concentrations

Several factors are proposed to influence on serum concentrations of
morphine, M6G and M3G. McQuay et al. showed in a survey of 151 cancer
patients that dose was the most important factor explaining variation of
morphine and metabolites (McQuay et al., 1990). This finding is supported by
the results from several smaller studies (Neumann et al., 1982; Wollf et al.,
1995; McQuay & Moore, 1997). The influence from other patient and
treatment related factors are more disputed. The use of parenteral routes (e.g.
SC, IV) results in lower serum concentrations of M6G and M3G relative to
morphine because of lack of first-pass metabolism (Peterson et al., 1990;
Osborne et al., 1990; Faura et al., 1998). The importance of age related to
morphine and metabolite serum concentrations is limited to the extremes of
age. A systematic review on metabolite and morphine ratios concluded that
neonates have lower ratios compared with older children and adults (Faura et
al., 1998). McQuay et al. observed that age greater than 70 years was
associated with higher M6G and M3G serum concentrations during oral
morphine treatment (McQuay et al., 1990). The effects from age are not equal
for morphine and its metabolites. Van Crugten et al. showed that plasma M6G
AUC was 1.6 times higher in old rats compared with young rats while the
curves after morphine administration were not different (Van Crugten et al.,
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1997). No studies have demonstrated gender related differences in morphine
pharmacokinetics.

M6G and M3G are primarily subject to renal elimination, and several studies
have consistently showed that patients with renal failure accumulate M6G and
M3G after morphine or M6G administration (Chauvin et al., 1987; Sear et al.,
1989; Wolff et al., 1988; D'Honneur et al., 1994; Hanna et al., 1993). The
influence from renal failure is evident when dichotomizing patients in having
normal renal function versus having supranormal serum creatinine serum
concentrations but without clinical evident renal failure (Faura et al., 1998;
McQuay et al., 1990). Detoriating renal function is parallelled by increased
M6G/ morphine ratio during progressive renal failure (Portenoy et al., 1991a).
The relationship between renal failure and higher levels of M6G and M3G
serum concentrations can not automatically be interpreted to the extent that
metabolite serum concentrations are influenced by variations in serum
creatinine concentrations below the upper limit for normal values. Peterson et
al. and Tiseo et al. observed significant correlations between normal range
creatinine values and M6G/morphine and M3G/morphine ratios (Peterson et
al., 1990; Tiseo et al., 1995). On the other hand Wollf et al. observed that
plasma M3G/morphine and M6G/morphine ratios were not related to serum
concentrations of creatinine in patients receiving oral morphine (Wollf et al.,
1995).

Elimination of morphine is impaired in patients with severe liver cirrhosis
(history of encephalopathy) and M3G/morphine ratio was lower than in
normal subjects during oral morphine therapy but not during SC morphine
therapy (Hasselstrém et al., 1990). However, this effect is evident only in
patients with clinical significant liver failure implying that liver function is
not an important factor for morphine metabolism.

The patients’ genetic or ethnic predisposition will influence upon opioid
pharmacology. The UGT2B7 enzyme exists in two forms; one with histidine
at position 268 and one with tyrosine at position 268. Both forms catalyze
morphine (Coffman et al., 1998). Consequently, it could be argued that
variability or mutations on the genes coding for the UGT2B7 enzyme may
cause differences in morphine metabolism. However, in a study by Holthe et
al. no significant differences in M6G/morphine and M3G/morphine ratios
were observed in cancer patients with the polymorphism UGT2B7, His268Tyr
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(Holthe et al., 2001). There are few studies on ethniticity and morphine
pharmacogenetics. Cepeda et al. showed that Caucasians have significantly
higher M6G levels than native Indians and Latinos after an IV morphine bolus
(Cepeda et al.,, 2001). The results from this study, however, were
contradictionary since Caucasians had a more pronounced respiratory
depression after IV morphine than Native Indians (Cepeda et al., 2001). It has
also been reported that Chinese have greater clearance of morphine because of
higher rates of glucuronidation (Zhou et al., 1993)

Clinical effects from M6G and M3G

Effects from M6G

M6G has a 20-fold increased affinity for p-receptors compared to morphine in
animal studies and SC, intracerbroventricular and intrathecal M6G is tenfold
more potent than morphine in the rat tail flick test, rat writhing test and as a
ventilatory depressant in rats (Pasternak et al., 1987; Stain et al., 2001; Paul et
al., 1989; Gong et al., 1991). M6G is more potent than morphine for analgesia
in human experimental pain (electrical and cold pain tests) (Buetler et al.,
2000; Thompson et al., 1995), but in contrast to the experimental studies on
pain Lotsch et al., assessing pupil size changes associated with morphine
infusions in human volunteers, calculated a M6G EGCs, 22 times greater than
the corresponding ECso of morphine (Létsch et al., 2001). Lotsch et al.
speculate if this discrepancy is caused by an incomplete transfer of M6G from
plasma to effect site or by development of short-term tolerance to M6G.

Lotsch et al. also observed that M6G failed to have clinical effects on human
experimental pain after short-term administration (Lotsch et al., 1997).
Motamed et al. supported this finding in a study demonstrating lack of effect
on postoperative pain after a single dose of 0.1 mg/kg M6G, while Osborne et
al. giving higher doses of M6G (0.5 to 4.0 mg/kg iv M6G) achieved analgesia
in 17 of 19 patients (Motamed et al., 2000; Osborne et al., 1992). However,
the study by Osborne et al. did not observe any relation between serum M6G
concentrations and pain relief (Osborne et al., 1992). The use of intrathecal
M6G 100 or 125 pg for postoperative pain after hip replacement showed
equal efficacy as 500 pg morphine, but all three study groups had
unacceptable high incidences of side effects (Grace & Fee, 1996).
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Studies on chronic cancer pain support that M6G contributes to the analgesia
induced by morphine. Portenoy et al. observed that the M6G/morphine ratio
correlated with pain relief in 14 patients with cancer pain and normal
creatinine serum concentrations (Portenoy et al., 1992), and Faura et al. found
that pain relief in 39 cancer patients was related to the sum of morphine and
M6G serum concentrations (Faura et al., 1996a). Other studies have not
observed any relationship between morphine or M6G plasma concentrations
and pain scores (Somogyi et al., 1993).

The relationships between M6G and adverse effects associated with morphine
treatment are not clearly understood. Some patients with renal failure
receiving morphine have developed profound sedation caused by
accumulation of M6G (Osborne et al., 1986; Bodd et al., 1990). The
evidences in favor of an effect from M6G on sedation or cognitive function in
patients having normal renal function are not convincing. Wood et al.
observed no associations between neuropsychological test and M6G serum
concentrations in 18 palliative care unit patients (Wood et al., 1998). Tiseo et
al. identified 40 patients with cognitive failure and found that these patients
had not different M6G/morphine ratios compared with historical controls
(Tiseo et al., 1995). M6G was proposed to give a lesser risk for respiratory
depression than morphine in a study comparing the effects from M6G and
morphine in doses equipotent for human experimental pain (Thompson et al.,
1995). A study by Peat et al. on healthy volunteers comparing the respiratory
effects from M6G and morphine gave a more complex answer since morphine
but not M6G increased end-tidal CO, while the ventilatory response to a CO,-
challenge was blunted by both drugs (Peat et al., 1991). In one convincing
case report high levels of M6G was believed to be associated with nausea.
This notion was supported by a reduction in nausea when M6G levels
declined (Hagen et al., 1991). M6G is also demonstrated to elicit nausea and
retches at lower doses than morphine in animal emetic models (Thompson et
al., 1992). On the other hand nausea is uncommon in studies using M6G for
acute pain in humans (Peat et al., 1991; Osborne et al., 1992).

Effects from M3G

Several reports from animal experimental studies have demonstrated that
M3G antagonize M6G or morphine induced effects such as antinociception
and ventilatory depression (Gong et al., 1992; Smith et al., 1990; Faura et al.,
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1996b; Smith & Smith, 1995; Barjavel et al., 1995). An exception from these
positive findings in animal models is a study by Hewett et al. where
intrathecal M3G administered to rats had no antagonism to morphine effects
(Hewett et al., 1993). A patient with high M3G CSF concentration and not
detectable M6G CSF concentration, who reported worsened pain despite
escalating intrathecal morphine doses, led Morley to propose the phenomenon
of morphine induced paradoxical pain (Morley et al., 1992). Other studies on
humans do not support an antianalgesic action from M3G. In a study on
human experimental ischemic pain M3G did not inhibit the effect from
morphine or M6G (Penson et al., 2000). Also, a study assessing 11 patients
with morphine resistant pain found that these patients had similar serum and
CSF M3G/M6G ratios as historical controls (Goucke et al., 1994).

M3G has been proposed to elicit excitatory effects associated with high doses
of morphine. This effect from M3G is supported by cases where high
concentrations of M3G are observed in patients with hyperalgesia, myoclonus
or allodynia (Sjegren et al., 1998). While such cases are convincing for M3G
excitatory effects in exceptional patients receiving high morphine doses Wood
et al. found no association between neuropsychological test and M3G serum
concentrations in palliative care unit patients (Wood et al., 1998).

The mechanisms of M3G effects are not established. M3G do not
significantly inhibit the binding of ligands to GABA, NMDA and glycine
reseptors in rat brain homogenate (Barlett et al., 1994). An inverse
relationship between binding to opioid receptors and excitatory activity of
morphine derivatives suggest that the excitatory effects is mediated through
receptors distinct from the opioid system (Labella et al., 1979).

Effects from other metabolites

Besides M6G and M3G, normorphine is the only product from morphine
metabolism that has been proposed to elicit a clinical effect, namely
myoclonus. However, the case for this effect is not very convincing since it
has only been presented in two case stories (Glare et al, 1990).
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Adverse symptoms in cancer patients

It exists an extensive body of literature describing prevalences and
characteristics of symptoms associated with cancer diseases (Lawlor &
Bruera, 1998; Cherny et al., 2001). The reviews on symptoms associated with
use of opioids generally do not differentiate between effects from the various
opioids. This approach was supported by an Expert Working Group of the
EAPC who after a search of the literature and discussions amongst experts
stated that there is overall very little evidence for that one opioid has a better
side effect profile than any other (Cherny et al., 2001).

Nausea

The data on the prevalence of nausea in cancer patients using opioids varies
between studies. A 1982 survey from UK by Hanks in 296 palliative care
patients showed that 71% of patients received one antiemetic drug and 8%
needed two or more antiemetic drugs (Hanks, 1982). This finding was
confirmed in a later UK survey showing that 56% of cancer patients required
an antiemetic (Hoskin & Hanks, 1988), and by the findings in a Canadian
survey by Fainsinger et al. showing that 71 of 100 cancer patients experienced
nausea during the last week of life (Fainsinger et al., 1991). However, the
intensity of nausea was moderate or low in most of the patients assessed in
this survey. Other reports present lower rates for nausea and vomiting. The
large WHO validation study by Zech et al. registered that nausea was present
in 23% of pain treatment days (Zech et al., 1995). In a longitudinal study
replicating the study by Zech et al. Meuser at al. observed that the prevalence
of nausea and vomiting did not increase during the course of disease and there
were no major difference between step two and three of the WHO pain ladder
(Meuser et al., 2001). Campora et al. reported that 16% of cancer patients
using morphine experienced moderate or severe nausea and that 30% of the
patients had more than two daily emetic episodes (Campora et al., 1991).
These prevalences were not different from those observed in patients using
codeine or buprenorphine (Campora et al., 1991). Low prevalences of nausea
are also found in patients with advanced cancer disease as exemplified by a
study by Coyle et al. where only 12% of patients (76% on ongoing opioid
treatment) reported nausea 4 weeks before death (Coyle et al., 1990).
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Sedation

Self-reported sedation is more frequent and severe during step three than step
two treatment in the WHO pain ladder (Meuser et al., 2001). Sedation is
especially pronounced during the last week of life (one week before death:
alert 72%, drowsy 28%, unresponsive 0%; day of death: alert 2%, drowsy
41%, unresponsive 57%)(Fainsinger et al., 1991).

Cognitive failure

Cognitive functions are influenced by the use of opioids (Bruera & Neuman,
1999b). One-fourth of cancer patients spontaneously report the experience of
mental haziness or confusion the last month before death (Coyle et al., 1990;
Zech et al., 1995). Such experiences of neuropsychological symptoms are
more frequent and severe during step three than step two of the WHO pain
ladder for treatment of cancer pain (Meuser et al., 2001). However, all
experiences of impaired mental status should not be attributed to the effects
from opioids. Leipzig et al. observed 35 cancer patients of which 27
experienced a total of 45 episodes of impaired mental status. The causes for
each episode were reviewed and only 15 episodes of impaired mental status
were considered related to opioids. The rest of the episodes were caused by
other correctable factors such as other drugs or intercurrent diseases (Leipzig
et al., 1987). Other studies have shown that the cause of cognitive failure is
difficult to establish in a majority of cases (56%) (Bruera et al., 1992). Studies
applying objective test for cognitive function have shown higher incidences of
impaired cognitive function than the patients’ selfreports. Cognitive failure as
defined by a MMS score equal or less than 24 was observed in 44% of
patients when admitted to a palliative care unit and in 68% when assessed
prior to death (Pereira et al., 1997). Wood et al. observed sub-normal results
on neuropsychological test in palliative care unit patients despite no clinical
evidence of impairment of cognitive function (Wood et al., 1998). The
findings on mental impairment caused by opioids are not universally in
agreement. Cognitive ability as measured by driving ability was not worse in
cancer patients on chronic morphine therapy compared with age matched pain
free volunteers without regular analgesics (Vainio et al., 1995). The role of
opioids was also doubted in a double-blind, crossover study on 12 volunteers
comparing the cognitive and psychomotor effects from oral morphine,
lorazepam and placebo, and in a study on ten healthy subjects taking repeated
doses of dextropropoxyphene, morphine, lorazepam and placebo (O'Neill et
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al., 2000; Hanks et al., 1995). Both studies showed that lorazepam but not
morphine caused clinical significant cognitive impairment. In a study on 130
cancer patients by Sjogren et al. the performances on neuropsychological tests
were related to lower performance status and higher pain intensity but not to
the use of opioids (Sjegren et al., 2000). This finding is supported by Lorenz
et al., who observed that perceptual cognitive status in patients with chronic
non-malignant pain improved after the start of morphine (Lorenz et al., 1997).
Lorenz et al. speculated if this finding was caused by lack of pain as a mental
stressor.

Constipation

Constipation is present in 23% of treatment days during all three steps of the
WHO pain ladder for treatment of cancer pain (Zech et al., 1995; Meuser et
al.,, 2001). In a longitudinal study of 593 cancer patients constipation was
more severe during step three than during step two of the WHO pain ladder
for treatment of cancer pain despite the use of adequate prophylactics (Meuser
et al,, 2001). The constipation during step two treatment with codeine is
possibly partly caused by morphine as indicated by that bowel transit time is
prolonged in extensive metabolizers of codeine (Mikus et al., 1997). The
incidence of constipation is higher in patients with more advanced cancer
disease as shown by Fallon and Hanks who found that 35 of 50 patients (70%)
are constipated on referral to a palliative care team (Fallon & Hanks, 1999).
After treatment with laxatives 26% of the patients remained constipated.
Persistent constipation was associated with performance level and not with
opioid dose. The relation between opioids and constipation is supported by
that addition of NSAIDs in order to decrease the morphine dose is shown to
correct opioid bowel syndrome in some cases (Joishy & Walsh, 1999). Opioid
induced constipation may also be attenuated by the use of oral opioid
antagonists such as naloxone or other opioid antagonist substances that do not
cross the BBB (Liu & Wittbrodt, 2002; Taguchi et al., 2001).

Respiratory depression

Respiratory depression is a feared complication during treatment of acute
pain, but is very infrequent during long-term morphine treatment for cancer
pain (McQuay, 1999). The lack of a respiratory depression associated with
even high doses of morphine during chronic treatment may be caused by that
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the pain experienced by cancer patients counteracts the respiratory depressant
action from opioids. This hypothesis is supported by Combes et al. who
observed an increase of respiratory influence from morphine when pain is
abolished by local anesthetics and by Borgbjerk et al. who demonstrated that
experimental pain attenuated opioid induced respiratory depression in human
volunteers (Combes et al., 2000; Borgbjerg et al., 1996).

Other adverse effects

Itching is reported in about 6 % of treatment days during all three steps of the
WHO pain ladder for treatment of cancer pain. The finding that itching is not
more frequent after start of opioids suggests that the itching is only
occasionally caused by oral morphine (Meuser et al., 2001).

Morphine given in high doses may elicit excitatory side effects such as
hyperalgesia and myoclonus. Gattera et al. have shown that the use of
morphine is one of several risk factors for akathisa in terminal cancer patients
(odds ratio 5.9 (CI; 1.9-14.2)) and Sjegren et al. reported several cases where
excitatory symptoms resolved after morphine treatment was changed to other
opioids (Gattera et al., 1994; Sjegren et al., 1993; Sjogren et al., 1994). The
excitatory adverse effects from morphine are speculated to be caused by
accumulation of M3G (Sjegren et al., 1998; Mercadante, 1998).

Opioids may also cause vertigo and dizziness. The importance of these
adverse effects should not be underrated since vertigo is related to falls. Shore
et al. have shown that even the opioids for mild or moderate pain, codeine and
dextropropoxyphene, increased the relative risk of hip fracture in elderly
patients to 1.6 compared to non-users. Concomitant use of psychotropic drugs
enhanced this increased relative risk to 2.6 compared with non-users of
opioids (Shore et al., 1992).
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Methodological considerations

The methods applied in studies investigating effects from morphine used for
cancer pain varies. These variations include different inclusion and exclusion
criteria for defining the study populations, different study settings, different
study designs, different methods for measuring pain, different methods for
measuring adverse effects, different morphine formulations and different
previous durations and doses of morphine before entering the studies. Some
studies are limited in that details describing the study population or relevant
outcomes are not presented or in that results are given without describing the
specifics of the methods.

The cancer pain patient population

The cancer pain patient population represents in itself a challenge for doing
research. The patients have often several concomitant symptoms as found by
Walsh et al. in a survey of 1000 palliative care patients having an average
number of 11 (range; 1-27) symptoms (Walsh et al., 2000). In addition to
multiple symptoms the patients are exposed to methodological difficulties
caused by multisystem affection and polypharmacy (Kaasa & DeConno,
2001; Mazzocato et al., 2001). Such factors are especially important in studies
on subjective outcomes, whereas other diseases and medications may mimic
opioid induced adverse effects (Cherny et al., 2001).

Several drugs are reported to have a potential to interact with opioids, but the
clinical importance of such interactions are less established (Bernard &
Bruera, 2000). A complete list of all drugs proposed to interact with morphine
is too extensive in order to be presented in this thesis. Ranitidine has been
associated with increased morphine serum concentrations (McQuay et al.,
1990), but did not significantly influence serum concentrations of morphine,
M6G and M3G in a cross-over study in human volunteers (Aasmundstad &
Sterset, 1998). Addition of nimodipine, a calcium-channel blocking agent,
decreased the morphine dose requirement and morphine dose escalation in
cancer patients (Santillan et al., 1994). This finding was replicated in a later
blinded study on cancer patients (Santillan et al., 1998), while another
randomized study on cancer patients did not observe an enhancement of
morphine analgesia from nimodipine in cancer patients (Roca et al., 1996).
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The combination of an opioid and a NMDA blocking agent may enhance
analgesia (Wiesenfeld-Hallin, 1998), and may inhibit the development of
tolerance to opioids. Low-dose ketamine may provide profound analgesia in
cancer patients with escalating morphine doses and pain (Fine, 1999;
Mercadante et al., 2000; Klepstad et al., 2001a). However, a randomized
study of cancer patients titrated to the next step of the WHO pain ladder did
not show any efficacy from dextromethorphan (Mercadante et al., 1998a). The
cholecystokinin antagonist L-364,718 enhanced morphine analgesia in the rat
tail flick test (Dourish et al., 1988). In chronic non-cancer pain proglumide is
demonstrated to enhance the analgesic efficacy of morphine (McCleane,
1998). This effect is mediated through an antagonistic effect on
cholecystokinin.

Pharmacological actions on the opioid receptors may have clinical
implications. In animals the co-administration of morphine, a p-opioid
agonist, and oxycodone, a k-agonist, gives a synergistic action in respect to
analgesia (Ross et al.,, 2000). In postoperative pain treatment low-dose
naloxone reduced the incidence of side effects without influence pain
intensity. It is speculated that the concentration effect curves are different for
different opioid effects (Mercadante, 1998).

The WHO pain ladder involves the use of non-opioids such as NSAIDs,
which have an analgesic efficacy comparable to opioids for mild to moderate
pain. The NSAIDs shows a dose response relationship within the
recommended dosage interval, but have not increased efficacy in doses above
those recommended for other pains. NSAIDs may decrease the dosage
requirements of opioids and by this mean reduce adverse effects. The exact
role for NSAIDs in respect to treatment with opioids for moderate to severe
pain is not established (Eisenberg et al., 1994; Jenkins & Bruera, 1999). Some
interactions between NSAIDs and morphine may be caused by an interaction
of NSAIDs with the renal elimination of morphine metabolites (Hobbs, 1997).

Clinical studies on drugs for cancer patients are often performed on patients at
an early stage of cancer and in patients younger than the ordinary cancer
population. The studies often defines several exclusion criteria selecting
patients without any confounding factors and the results are extrapolated to
the terminally ill cancer pain population (Kaasa & De Conno, 2001;
Mazzocato et al., 2001). The rationales for performing studies at an early
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stage of cancer are to avoid confounding factors (e.g. other medications,
radiotherapy, other symptoms) and to have an expected survival that outlasts
the planned duration of a study. It is important to recognize that clinicians
must be aware the limited generalisability for the palliative care population of
data collected in studies on more healthy patients (Kaasa & De Conno, 2001).

Consequently, clinical trials should be performed in a population that
resembles as much as possible the population were the intervention will be
used (Mazzocato et al., 2001). The studies presented in this thesis illustrate
the presence of multiple factors besides the use of a study drug. Several
patients received anti-cancer therapy (radiotherapy 35%, chemotherapy 25%,
hormonal therapy 15% and corticosteroids 17% (paper I and II). The patients
included into paper I used an extensive list of 40 different non-pain related

medications.

The inclusion of patients with advanced cancer disease into a study needs
careful planning of the study design. The use of research instruments must be
appropriate in respect to the selected study population. Lengthy questionnaires
may create little discomfort in patients with local disease but be burdensome
for patients with advanced disease. In a validation study on the BPI
questionnaire Radbruch et al. found that the number of incomplete
questionnaires increased with detoriating performance status (Radbruch et al.,
1999a). The limited feasibility of questionnaires in severely ill patients is also
demonstrated for HRQOL questionnaires, and few patients are able to return
complete questionnaires during the last month before death (Jordhey et al.,
1999). Consequently, studies including patients with advanced cancer disease
should use instruments, for measuring pain and other symptoms, which are
short and easily understood. Compliance can also be improved if
questionnaires are handed directly to and collected directly from the patients.

The information gained by having a long follow-up period must be
carefully weighted against the risk for drop-outs caused by death or
impairment caused by progressive disease (Kaasa & De Conno, 2001). The
number of drop-outs in longitudinal studies on cancer pain is typically
more than one third, and some studies have drop-out rates that seriously
questions the validity of findings (Bruera et al., 1998). One explanation for
the high drop-out rates is that physicians tend to overestimate the duration
for life of terminal cancer patients (Vigano et al., 1999). The patients are
also exposed to acute episodes of intercurrent diseases such as infections,
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acute surgery for a number of causes and psychiatric crises. Consequently
in the planning of longitudinal palliative care studies it is important to have
realistic expectations for the patients’ ability for long-term participation.
This is illustrated in paper I and III with twelve of eighty patients excluded
during the study period despite a short period for follow-up. However, it is
worthwhile to note that no patients included into the studies in this thesis
were excluded due to adverse effects from morphine or failure to achieve
adequate pain relief.

Patients experiences of pain

Pain is not a uniform sensation. In paper I of the thesis we observed that the
patients reported a median number of 4 pain qualities. The observed
frequency of pain qualities were aching pain 33/40, burning pain 11/40, deep
pain 32/40, dull pain 32/40, lancinating pain 15/40, sharp pain 14/40,
superficial pain 8/40 and tearing pain 17/40. As illustrated in table 1 of paper I
we observed no apparent systematic combinations of pain qualities. The
number of patients did not invite to analysis on subgroups.

Pain is a more complex sensation than nociception and pain can not be
assumed to be directly related to the nociceptive stimuli (Fields, 1988).
Variability may be caused by physiological mechanism such as differences in
pain pathophysiology and in differences in the non-specific (placebo)
activation of endogenous opioid system (Fields, 1988; Amanzio et al., 2001).
The patients’ responses to pain vary. Weiss et al. showed that a large
proportion of patients with pain chose to tolerate pain instead of increasing
pain therapy (Weiss et al., 2001; Ahmedzai, 2001). After titration of morphine
in paper II the study patients EORTC QLQ-C30 pain scores were as high as 41
compared to a score of 24 in the general population (paper IIHjermstad et al.,
1998). Still, the patients chose to stop escalation and reported satisfactory pain
relief. This may be due to a trade-off between the expected adverse effects and
expected pain relief associated with increasing opioid dosages. Another
possibility is that the patients' expectations of pain relief during malignant
disease influences the level of pain intensity perceived as satisfactory. Patients’
reluctance to receive appropriate pain therapy may also be caused by fear of
addiction or fear of development of tolerance (Weiss et al., 2001; Paice et al.,
1998). Paice et al. demonstrated that patients who fear addiction or tolerance
experienced more pain than patients not having these concerns (Paice et al.,
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1998). In the study by Paice et al. one quarter of the hospitalized patients also
were concerned to bother the nurses. These patients experienced more pain
than patients not hesitant to call for the nurse (Paice et al., 1998). As for other
drugs a potential bias in studies on pain treatment is lack of compliance.
Patients adherences to opioid analgesics prescribed around-the-clock-basis are
rather good (89%) while use of opioids prescribed on a per needed basis
showed a low compliance (25%) of the prescribed doses (Miaskowski et al.,
2001). The patients’ pain experiences are also influenced by treatments
besides conventional therapy. Risberg et al. showed in a Norwegian sample of
642 cancer patients that 20% of the patients used non-proven therapy such as
healing by hand, faith healing, herbs, vitamins, and diets (Risberg et al.,
1997).

Baseline drift

One important methodological issue in longitudinal studies on effects from
morphine in cancer patients is baseline drift (natural fluctuation of symptoms
not associated with the intervention). Baseline drift is important both in
respect to assessments of symptoms and to the pharmacological actions from
morphine. The patients’ experiences of subjective symptoms are linked to
their expectations of intensity of symptoms. This phenomenon is called
response shift. Despite increased intensity patients may report equal or less
intensity of a particular symptom. They relate symptom intensity more to
what they expect at that stage of disease than to the absolute intensity of a
symptom (Carr et al., 2001).

The development of tolerance to the antinociceptive effect from morphine is
well established in animals models, and this development of tolerance may be
modified by agents interacting with protein kinases, cholecystokinin, nitrogen
oxide and NMDA receptor functions (Zeitz et al., 2001; Dourish et al., 1988;
Kolesnikov et al., 1995; Ben-Eliyahu et al., 1992; Tiseo et al., 1994; Trujillo
& Akil, 1991; Marek et al., 1991; Manning et al., 1996; Mao et al., 1996) The
development of tolerance is complex and may share some of the neural
mechanisms associated with neuropathic pain (Mao et al., 1995a). Tolerance
may be related to properties of opioids such as intrinsic efficacy (Duttaroy &
Yoburn, 1995). It has also been proposed that tolerance may be attenuated by
alternating between delta and mu-opioid agonist (Russel & Chang, 1989). The
efficacy of opioids may also be modulated through Gscoupled GMI
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ganglioside-regulated receptor functions. These receptors are hypotized to
mediate opioid induced excitatory effects and consequently display a bimodal
effect of opioids. Blocking of this excitatory opioid binding receptors
enhances the inhibitory effect of opioids and attenuates tolerance during
chronic opioid exposure (Crain & Shen, 1998; Mao et al., 1995b; Elliot et al.,
1994).

The clinical implications from opioid tolerance during treatment of cancer
pain are not established. In a clinical study escalation of dose was associated
with progression of the cancer disease while patients without disease
progression had stable doses (Collin et al., 1993). This observation argues
against tolerance as a clinical problem. In a recent review by Mercadante and
Portenoy it is concluded that tolerance rarely represent a limiting factor during
opioid treatment (Mercadante & Portenoy, 2001). Tolerance for some of the
adverse effects is believed to develop without a parallel development of
tolerance for opioid analgesia. Differential development of tolerance has been
shown in a animal study by Ling et al. where tolerance to antinociception and
prolactin release developed before tolerance for respiratory depression and
effect on gastrointestinal transit time (Ling et al., 1989). A transient
impairment in cognitive function after start of opioid therapy or after dose
escalation is demonstrated in cancer patients (Bruera et al., 1989). However,
this phenomenon, although often described, is not formally studied for other
adverse effects (Cherny et al., 2001).

Ethics

Research that involves patients at the end of life creates several ethical
challenges. Dying patients are especially vulnerable, adequate informed
consent is difficult to obtain, balancing research and clinical roles are
difficult, and the risks and benefits of palliative research are difficult to assess
(Casarett & Karlawish, 2000; Kaasa & De Conno, 2001). Patients with
advanced cancer disease are at risk for several symptoms and imminent death
caused by the cancer disease and by necessary therapy. It is important to
recognize that the risks associated with research should be the risks above and
beyond the risks associated with usual care (Freedman et al., 1992). For
instance, the patients studied in this thesis are exposed to some risk for
adverse effects from morphine. However, morphine treatment would be
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started also during standard care and consequently such risks should not be
attributed to the patients participating in a study.

Informed consent is a prerequisite, with rare exceptions, for participation in a
clinical study. The value of informed consent as the sole instrument
preventing inclusions of patients into studies that may cause harm can be
overemphasized. A survey of patients participating in studies on cancer
directed treatment showed that 90% of the patients were satisfied with the
informed consent process, the consent discussion lasted longer than one hour
for 48%, and 84% had relatives or friends present at the consent discussion
(Joffe et al., 2001). Despite this thorough consent procedure many patients did
not recognize unstandard treatment (74%), the unproven nature of treatment
(70%) and that trials are done mainly to the benefit of future patients (25%)
(Joffe et al., 2001). The ethics of studies on cancer pain patients relies on the
ethics of the researchers, the physicians responsible for treatments and the
institutional ethics committees.

Assessment of subjective symptoms

The most widely applied method for measuring subjective symptoms is self-
reports. Self-reports can be obtained as single items where the patient chose a
number (NRS) or a verbal description (VRS) corresponding to the intensity of
a symptom, as a line anchored with verbal description of no and maximal
symptom intensities on which the patient can chose a point corresponding to
symptom intensity (VAS), or as organized questionnaires with several items
giving a sum corresponding to the intensity of a symptom. Whatever method
investigators chose in order to measure a symptom there are several
methodological issues that should be documented. Some of these
methodological issues are:

e Validity: Does the instrument measure what it intends to measure?

¢ Reliability: Does the instrument produce the same results when repeated
on the same population?

e Inter observer reliability: Does the instrument produce the same results
when repeated by different investigators?

e Ability to detect changes: Does the instrument detect clinically
meaningful changes?
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e Translation: Is the instrument formally validated into the appropriate
language?

e Difference of clinical interest: Is the difference of clinical interest on the
outcome measured by the instrument known?

e Data on the responses in the general population: Are the responses of
the instrument in the general population known?

It should be clear from this list that the development of a validated instrument
for measuring a subjective symptom is a time-consuming process that needs
expert capabilities in research methodology issues. It is therefore strongly to
advice for researchers doing studies to apply previously validated instruments
to measure subjective outcomes. The use of widely recognized, validated
instruments is also a prerequisite in order to compare results across different
studies and across different patient populations. Validated instruments are
available for several symptoms, for performance status and for HRQOL.
However, research on cancer pain is still hampered by a lack of clear
definitions for cancer entities and important constructs such as breakthrough
pain and neuropathic pain (Caraceni, 2001).

Pain assessment

There are several validated methods for measuring pain. Pain can be assessed
using numeric rate scales (NRS), verbal rate scales (VRS) (paper I-IV), or
visual analogue scales (VAS) (paper I-IV). Several variants of these scales
exist using different numbers of numeric responses, different verbal categories
in the VRS or different terms anchoring the VAS. These principles for
quantifying pain are used as single items or included into questionnaires on
pain (e.g. BPI) (paper V, VI) or HRQOL questionnaires (e.g. SF-36, EORTC
QLQ-C30) (paper II, V). There are also validated questionnaires that assess
pain qualities (McGill Pain questionnaire) or pain interference with functions
(BPI, EORTC QLC-C30).

Jensen et al. compared VAS, NRS (101-point), 11-point box scale, 6-point
behavioral scale, 4-point VRS and 5-point VRS in chronic pain patients. All
scores had similar results in respect to predictive validity and the number of
subjects that responds correctly. The authors recommended NRS because this
was judged as the most practical of the methods (Jensen et al., 1986). The
practical feasibility of NRS was confirmed in comparisons of pain
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measurements in old cognitive impaired and in old cognitive normal patients
(Chibnall & Tait, 2001). The NRS together with VAS and VRS correlate well
with pain relief in cancer patients while more complex concepts of pain such
as the McGill and The Integrated pain score (combination of intensity and
duration of pain) show less association with changes in pain intensity (De
Conno et al., 1994).

The NRS scores correlate well with VRS scores. Serlin et al. found that based
on interference with function mild pain corresponds to 1-4 on a 11-point NRS,
moderate pain corresponds to 5-6 and severe pain corresponds to 7-10 (Serlin
et al., 1995). VRS moderate pain corresponds to a mean VAS score of 49
(85% of patients with VRS moderate pain reported more than 30 on the VAS
score) and VRS severe pain corresponds to a mean VAS score of 75 (85% of
patients with VRS severe pain reported more than 54 on the VAS score)
(Collins et al., 1997). An important concept is the size of changes on a pain
scale that are perceived by the patients as a meaningful pain relief. In a large
analysis of data from 2724 patients Farrar et al. reported that much improved
or very much improved pain corresponded to a 30% decline or a 2-point
decline on a 11-point NRS (Farrar et al., 2001). This 2-point reduction of pain
intensity on a 11-point NRS was also the reduction of pain sufficient for
patients not asking for a second analgesic rescue dose (Farrar et al., 2000).
However, as pointed out by Rowbotham it is important to recognize that these
data are applied on groups of patients while individuals may vary in their
relations between NRS and pain relief (Rowbotham, 2001). It is also
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