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Optimalisering av opioidbehandling ved kreftsmerter
-kliniske og farmakologiske aspekter

Smerter er det hyppigste og mest fryktede symptomet hos pasienter med kreft og deres pargrende. 80
% av pasienter med langtkommet kreft opplever smerter. Selv ved behandling med sterke
smertestillende medikamenter som morfin eller oksykodon (opioider), er det hele 10-30 % som
opplever smerte og/eller uakseptable bivirkninger. Hos disse pasientene er det et alternativ & bytte til et
annet opioid som metadon, men det er i dag begrenset kunnskap om hvordan et slikt bytte bar forega.
En annen utfordring er at mange kreftpasienter opplever plutselige episoder med intense smerter av
relativt kort varighet, sakalte gjennombruddsmerter. For & oppna tilfredsstillende behandling av
gjennombruddsmerte trengs smertestillende medikamenter som virker raskt, og har kort virketid for &
unnga ungdige bivirkninger.

Malene med denne avhandlingen var 1) 8 sammenlikne om det  bytte fra morfin/oksykodon til
metadon «over natten» (stopp-og-start-metoden) hos kreftpasienter med smerter/bivirkninger er mer
effektivt og sikrere enn et gradvis bytte over tre dager (3-dagers-metoden) og 2) a finne mer
grunnleggende kunnskap om et nytt mulig medikament for gjennombruddsmerter: opioidet fentanyl
gitt som nesespray.

42 kreftpasienter ble randomisert ved fire sykehus i Norge til & bytte til metadon ved stopp-og-start-
metoden eller 3-dagers-metoden. Metadondose ble beregnet i forhold til tidligere dose morfin eller
oksykodon. Smerteintensitet, bivirkninger og alvorlige hendelser ble registrert i 14 dager etter byttet.
Opioidkonsentrasjoner i blodet ble ogsd malt. To studier med fentanyl nesespray ble gjennomfart: |
den farste ble 19 kreftpasienter med gjennombruddsmerter fra tre land randomisert til & fa to av tre
mulige doser med fentanyl nesespray. Fentanyl konsentrasjonsanalyser ble gjort 15 ganger i lgpet av
fem timer etter at medikamentet ble gitt, begge gangene. | den andre studien fikk 12 eldre menn som
ikke hadde brukte opioider fer, én dose med fentanyl nesespray. Det ble tatt 13 blodprgver bade fra
arterier og vener den farste timen etterpd. Tolerabilitet og vitale funksjoner som respirasjon og
blodtrykk ble registrert i begge fentanylstudiene.

Resultatene fra studiene viser at et bytte til metadon med stopp-og-start-metoden ikke var mer
effektivt, eller like sikkert som et bytte over tre dager i denne pasientgruppen med langtkommet
kreftsykdom og hgye opioiddoser. Pasientene i stopp-og-start-gruppen rapporterte verken lavere
smerteintensitet eller mindre bivirkninger. Stopp-og-start-gruppen hadde flere pasienter som falt ut av
studien, og det var tre alvorlige hendelser i denne gruppen. Det var ingen alvorlige hendelser i 3-
dagers-gruppen. Dette indikerer at et gradvis bytte over tre dager er gnskelig hos disse pasientene.
Fentanyl nesespray ble godt tolerert bade hos de som brukte opioider og de som ikke brukte opioider
fra far. Fentanyl ble raskt tatt opp i blodet (7-15 min). Dette statter forventningen om at fentanyl
nesespray kan veere velegnet til & behandle gjennombruddsmerter.
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"Among the remedies which it has pleased Almighty God to give to man to relieve his

sufferings, none is so universal and so efficacious as opium.”
Thomas Sydenham (1624-1689)
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Sammendrag

Smerter er et fryktet symptom hos pasienter med kreft og deres péarerende. 80 % av
pasienter med langtkommet kreft opplever kreftsmerter, og hele 10-30 % opplever smerte
og/eller uakseptable bivirkninger til tross for behandling med et sterkt opioid som for
eksempel morfin. Hos disse pasientene er et bytte til et annet opioid som metadon et
behandlingsalternativ. Mange strategier for opioid-bytte til metadon er foreslatt, men
ingen randomiserte studier eksisterer. Et alternativ er stopp-og-start-metoden hvor en
starter rett pd ny metadondose samtidig som det forste opioidet avsluttes. Det er hevdet at
pasientene da fér raskere smertelindring (raskere stabil metadon konsentrasjon) og at
bivirkningene forsvinner raskere (raskere eliminasjon av det forste opioidet og
metabolitter) enn ved 3-dagers-metoden hvor det naverende opioidet trappes ned over tre
dager, og overlappes med tilsvarende dose metadon hver dag.

En stor andel av pasienter med langtkommet kreft opplever plutselige episoder med
intense smerter av relativt kort varighet til tross for at opioider lindrer bakgrunnsmerten
effektivt; sakalte gjennombruddsmerter. Standard behandling for gjennombruddsmerter
har veert ”hurtigvirkende” opioid-tabletter som morfin ved behov. Pé grunn av lang tid til
effekt og langsom utskillelse fra kroppen har effektprofilen til opioid-tabletter passet
dérlig med gjennombruddsmertenes tidsprofil. Det ideelle medikamentet mot
gjennombruddsmerte tas raskt opp, har rask tid til effekt, skilles raskt ut og ma kunne
héndteres av pasienten selv. Fentanyl er et sveert potent opioid (kan gis i sma volum), er
fettlaselig (tas raskt opp gjennom nesen) og har rask tid til effekt.

Malet for denne avhandlingen var 1) a teste hypotesen om at stopp-og-start-metoden ved
bytte fra morfin/oksykodon til metadon hos kreftpasienter med smerter/bivirkninger er
mer effektiv og like sikker som 3-dagers-metoden ved & male smerteintensitet,
bivirkninger, opioidkonsentrasjoner og alvorlige hendelser og 2) & studere
farmakokinetikken til fentanyl gitt som nesespray og toleransen for medikamentet i
maélgruppen. Farmakokinetiske parametre fra arterielle og vengse blodprover ble ogsd
sammenliknet.

42 kreftpasienter pa morfin/oksykodon-behandling fra fire sykehus i Norge ble
randomisert til & bytte til metadon pa en av to mater; stopp-og-start-metoden eller 3-
dagers-metoden. Beregnet metadondose var avhengig av morfin/oksykodon dosen de sto
pa. Smerteintensitet ble registrert av pasientene for intervensjon, samt dag 3 og 14.
Bivirkninger, alvorlige hendelser og opioiddoser ble registrert daglig i 14 dager. Det ble
ogsa tatt blodprever for opioid-byttet (dag 1), dag 2, 3, 4, 7 og 14 til analyser av morfin
(med aktiv metabolitt M6G), oksykodon og metadonkonsentrasjoner. To studier med
fentanyl nesespray ble gjennomfort. I den forste ble 19 kreftpasienter med
gjennombruddsmerter fra tre land ble randomisert til 2 av 3 doser (50, 100 eller 200 pg)
med fentanyl nesespray. Blodprever til fentanyl konsentrasjonsanalyser ble tatt 15 ganger
ila 5 timer etter administrasjon pa to forskjellige dager. Vitale funksjoner som
respirasjon, oksygen- metning i blodet og blodtrykk ble registrert. I den andre studien
fikk 12 mannlige pasienter som skulle til prostata eller bleere operasjon, og som ikke
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brukte opioider fra for, en dose med 50 pg fentanyl nesespray. Den forste timen etter at
sprayen var gitt, ble 13 blodprever tatt fra bade arterier og vener. I tillegg ble tolerabilitet
og vitale funksjoner registrert.

Resultatene i denne avhandlingen viser at de pasientene som byttet til metadon med
stopp-og-start-metoden ikke rapporterte lavere smerteintensitet enn pasientene i 3-dagers-
gruppen, til tross for at de var mer eksponert for metadon de tre forste dagene etter byttet.
Det var ingen signifikant forskjell mellom gruppene i antall pasienter som hadde stabile
metadonkonsentrasjoner dag 4. Pasientene i stopp-og-start- gruppen rapporterte heller
ikke mindre bivirkninger, tross mindre eksponering for morfin, M6G og oksykodon de
forste tre dagene, enn i 3-dagers-gruppen. Det var signifikant flere som falt ut av studien
(11 mot 3) og tre alvorlige hendelser (to dede og en hadde alvorlig respirasjons
depresjon) i stopp-og-start-gruppen sammenliknet med 3-dagers-gruppen. Dette indikerer
at stopp-og-start-metoden ikke er sikker for denne pasientgruppen med langtkommet
kreft og haye opioiddoser. Resultatene indikerer at et bytte over tre dager hos
kreftpasienter med heye opioiddoser er enskelig, og at pasientene ma observeres i mer
enn fem dager ved bytte til metadon uavhengig av metode.

Nasalt fentanyl ble godt tolerert bade av pasienter som brukte opioider og de som ikke
brukte opioider fra for. Fentanyl ble raskt tatt opp i blodet fra neseslimhinnen (vengse
prover 9-15 min og arterielle prover 7 min), slik at disse studiene stotter forventningen
om at fentanyl nesespray kan vare velegnet for 4 behandle kreftrelaterte
gjennombruddsmerter. Arteriell maksimum konsentrasjon var to ganger hayere og tid til
maksimum konsentrasjon var 5 min kortere enn i venese prover, og de korrelerte ikke.
Det er det arterielle blodet som forsyner hjernen med fentanyl, og arterielle prever vil
veere mer presise nar man skal forseke & ansla tid til smertelindrende effekt.



Summary

Pain is a symptom feared by cancer patients and their relatives. 80 % of patients with
advanced cancer experience cancer pain, and as much as 10-30 % experience pain and/or
acceptable adverse effects despite treatment with a strong opioid such as morphine. A
switch to methadone is an alternative in these patients. Several switching strategies to
methadone have been proposed, but no randomized trials are performed. The stop and go
procedure in which the initial opioid is stopped and methadone is started is believed to
give a shorter time to pain relief (a shorter time to stable methadone concentrations) and
ease of adverse effects more rapidly (a fast elimination of the initial opioid and
metabolites) than the 3-days switch in which the current opioid is gradually reduced over
three days, and the methadone dose increased in corresponding doses.

A majority of patients with advanced cancer experience a sudden onset of intense pain
with short duration despite effective treatment of the background pain; breakthrough pain
(BTP). The standard treatment of BTP has been “short-acting” opioid tablets such as
morphine taken by mouth as needed. Because of a long time to effect and a slow
elimination from the body, the effect profile of opioid tablets has not been corresponding
with the characteristics of BTP. The ideal drug for BTP is rapidly absorbed (short time to
effect) and eliminated, and it should be easy to administer for the patients. Fentanyl is an
extremely potent (it can be administered in small volumes), it is fat-soluble (rapidly
absorbed through the nasal mucosa) and has a fast onset of action.

The aims of this thesis were to test the hypothesis that the stop and go method when
switching from morphine/oxycodone to methadone in cancer patients with pain/adverse
effects is more effective than, and as safe as the 3-days switch by measuring pain
intensity, adverse effects and opioid serum concentrations of the respective opioids.
Secondly, the aim was to study the pharmacokinetics of intranasal fentanyl, its
tolerability, and safety in the target population. Pharmacokinetic parameters of fentanyl
were compared between blood samples drawn from arterial or venous samples.

42 cancer patients on morphine/oxycodone in four hospitals in Norway were randomized
to a switch to methadone by one of the two switching strategies; stop and go or the 3-days
switch. A dose-dependent conversion ratio was used. Pain intensity was recorded by the
patients at baseline, on day 3 and day 14. Adverse events and opioid doses were recorded
daily for 14 days. Blood samples were drawn before the switch (day 1) and day 2, 3, 4, 7,
and 14 for analyzes of morphine (with the active metabolite M6G), oxycodone and
methadone concentrations. Two studies on nasal fentanyl were performed: 1) 19 cancer
patients from three countries, treated with strong opioids and experiencing BTPs were
randomized to 2 of 3 doses (50, 100 or 200 pg) of nasal fentanyl. Venous blood samples
for fentanyl concentration analysis were drawn 15 times during the five hours after
administration, and vital signs such as respiration, oxygen saturation in blood, and blood
pressure, were registered on two different days. 2) 12 elderly, male patients scheduled for
prostate or bladder surgery, not using opioids, received a dose of 50 pg of nasal fentanyl.
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Both arterial and venous blood samples were drawn 13 times, and tolerability and vital
signs were recorded the first hour after administration.

The results in this thesis show that the patients that switched to methadone by the stop
and go method did not report lower pain intensity than those switched by the 3-days
strategy, despite being exposed to more methadone the first three days after the switch.
The number of patients with stable methadone concentrations day 4 was not significantly
different in the two groups. Neither did the patients in the stop and go group report less
adverse events, even though they had a lower exposure of morphine, M6G or oxycodone
than the 3-days switch group, the first three days after the switch. Significantly more
patients dropped out of the stop and go group (11 to 3), and there were three serious
adverse events in this group (two died and one severe respiratory depression day 5)
compared to the 3-days switch group. These findings indicate that the stop and go
strategy is not safe in these patients with advanced cancer and high opioid doses. The 3-
days switch is recommended in cancer patients on high opioid doses, and patients need to
be observed for more than five days after the switch regardless of switching strategy.

Nasal fentanyl was well tolerated by both opioid naive and opioid tolerant patients.
Fentanyl was rapidly absorbed from the nasal mucosa (venous 9-15 min and arterial 7
min). These studies support the expectation that nasally administered fentanyl is a
possible treatment for breakthrough pain. Time to maximum concentrations of fentanyl
was 5 min shorter and maximum concentrations twofold higher in the arterial samples
compared to the venous samples, and these were not correlated. The arterial blood
supplies the brain with fentanyl. Arterial samples are more precise when trying to predict
time to pain relief.

11



Introduction

1.1 Cancer

Cancer includes many diseases, varied illness trajectories, and rapidly changing
therapeutic landscape. Twenty-eight million people are living with cancer (Union for
international Cancer Control, http://www.uicc.org/general-news/globocan-2008).
According to the World Health Organization (WHO), cancer accounted for more than 7
million deaths in 2008 and death rates are estimated to rise to 17 million deaths in
2030(WHO 2008). The incidence rate of cancer in Norway (27 520 in 2009) has
increased by 7% in men, and 3% in women from the past five-year period (2000-2004)
until the last (2005-2009)(Cancer Registry of Norway). Traditionally, cancer care was
divided into two phases; the anti-neoplastic treatment (cure and prolongation of life) and
the later symptomatic/palliative phase aiming at improvement of quality of life(Maltoni
and Amadori 2001). Today, palliative care is more integrated during the whole course of
the illness(Ferris et al., 2009; Harrison et al., 2009; Kaasa and De Conno 2001).

1.2 Cancer pain

Pain is one of the most frequent symptoms in cancer patients(Teunissen et al., 2007) and
it is the symptom most feared by cancer patients (Johansen et al., 2005; Morris et al.,
1986; Portenoy 2011). Cancer pain may be caused by direct tumor involvement,
diagnostic procedures and by various treatment strategies applied (e.g. radiation, surgery,
chemotherapy, symptom management drugs)(McGuire 2004). It is also influenced by
subjective perception influenced by culture(Lasch 2000), thought and psychosocial
factors of the patient(Hoogendoorn et al., 2000; Rollman et al., 2004). Dame Cecily
Saunders used the term “total pain” to include the physical, psychological, social and
spiritual components of pain in terminally ill cancer patients(Saunders 1964). The
International Association for the Study of Pain (IASP) defines pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage”(IASP 2011).

1.2.1 Classification

Cancer pain is complex and multidimensional and can be classified in several ways; such
as its intensity, duration, origin, pathophysiology, as response to opioids or in association
with a condition(Knudsen et al., 2009; Portenoy 2011). Patients with cancer often have
several types of pain at the same time and at more than a single site and a large number of
cancer pain syndromes have been identified(Caraceni and Portenoy 1999; Caraceni and
Weinstein 2001; Portenoy 1992; Portenoy and Lesage 1999).

There are mainly three broad categories of pain mechanisms; nociceptive, neuropathic
and idiopathic pain. Nociceptive pain is associated with activation of nociceptors after
somatic or visceral tissue damage. Pain caused by a lesion or disease of the
somatosensory nervous system is defined as neuropathic pain, while idiopathic pain has
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no apparent underlying cause(IASP 2011). Neuropathic pain in cancer patients is most
commonly a combination of inflammatory, neuropathic, ischemic, infiltrative, and
compression mechanisms that involve one or more anatomic sites(Lema et al., 2010;
Urch and Dickenson 2008).

According to duration, pain can be classified as acute or chronic. Acute pain serves as a
warning system of potential damage. It is the normal, predictable, physiological response
to an adverse chemical, thermal or mechanical stimulus with sudden onset(Carr and
Goudas 1999). In contrast, chronic cancer pain (also termed baseline, persistent or
background pain) is described as present for more than 12 hours a day during the
previous week (or would be present if not taking analgesia).

In addition to chronic pain, a large number of patients with relatively stable and
adequately controlled background pain experience breakthrough pain (BTP)(Portenoy et
al., 1999a). BTP may be defined as “a transient exacerbation of pain that occurs either
spontaneously, or in relation to a specific predictable or unpredictable trigger, despite
relatively stable and adequately controlled background pain”(Davies et al., 2009), and is
caused by cancer, cancer complications, treatments or comorbidities. However, there is
no international consensus concerning the definition of BTP(Haugen et al., 2010). In a
recent systematic review on BTP other terms such as incident pain, incidental pain,
episodic pain and transitory pain or a combination was reported(Haugen et al., 2010).
Three principal categories of BTP are described: spontaneous pain, incident pain (with an
evident precipitating cause of event such as activity) and end-of-dose failure(Mercadante
2011). The end-of-dose failure is however now rather considered as inadequately
controlled background pain(Davies et al., 2009; Mercadante 2011). In a recent study on
BTP characteristics in 320 cancer patients, the median number of episodes was 3/day, the
median duration of a BTP episode was 60 min, with 15 min to the peak of pain intensity
(PI) and 60% reported the episodes as severe(Davies et al., 2011b). In sum, BTP is
characterized by a fast onset, usually reaching a peak of intensity within three minutes, is
often severe, with a duration of approximately 30 minutes (less than an hour in 90 % of
the episodes)(Mercadante et al., 2002; Portenoy and Hagen 1990; Portenoy et al., 1999a;
Zeppetella et al., 2000; Zeppetella and Ribeiro 2003) (fig 1).
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Fig. 1 BTP and background pain
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A high prevalence of BTP is associated with more severe pain(Caraceni et al., 2004) and
most patients with BTP have greater chronic pain intensity as measured on the Brief Pain
Inventory (BPI)(Caraceni et al., 2004). BTP significantly impacts the patients’ quality of
life as it is associated with poor overall pain control(Bruera et al., 1995a), increased
levels of depression and anxiety(Fortner et al., 2002; Taylor et al., 2007),

a high probability of dying, need a change of opioids or side effects(Greco et al., 2011).
Patients with BTP experience more pain-related hospitalizations, more emergency room
visits and more outpatient visits(Abernethy et al., 2008).

There is no international consensus on how to classify cancer pain(Caraceni and
Weinstein 2001; Fainsinger and Nekolaichuk 2008; Knudsen et al., 2009). A recent
systematic review(Knudsen et al., 2009) on cancer pain classification identified six
standardized classification systems, three of these were systematically developed and
partially validated(Fainsinger and Nekolaichuk 2008; Hwang et al., 2002; Merskey
1994), but none was widely applied. With the aim to validate the Edmonton
Classification System for Cancer Pain (ECS-CP) Fainsinger et al. reported that in patients
with advanced cancer (n=1100) from palliative care sites in six countries; younger age,
neuropathic pain, incident pain, psychological distress, addictive behavior and initial pain
intensity were significantly associated with days to achieve pain control(Fainsinger et al.,
2010). Also, psychosocial factors such as fear, anxiety, depression, and lack of sleep have
been reported to increase cancer pain(Anderson et al., 2003; Portenoy et al., 1994). The
working proposals in international standards from experts in the European Palliative Care
Research Collaborative (EPCRC) are that pain intensity, pain mechanism, breakthrough
pain, and psychological distress are core domains to be included in a classification
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system, and that the ECS-CP should be regarded as the template for further
development(Kaasa et al., 2011). A consensus on classification may improve pain
treatment in cancer care(Kaasa 2010).

1.2.2 Prevalence of pain and quality of treatment

In two recent reviews(Deandrea et al., 2008; van den Beuken-van Everdingen et al.,
2007) and one pan-European telephone survey on cancer-related pain (n=5084)(Breivik
et al., 2009) around 50 % of patients in all stages of cancer report pain. In patients with
incurable cancer, as much as 70% report pain (Teunissen et al., 2007; Wilson et al.,
2009). Not only is there a high prevalence of cancer pain, the pain intensity is high. In a
review of 52 studies on cancer pain over the last 40 years and in a cross sectional
European survey; more than 1/3 of patients with cancer in all stages of the disease graded
their pain as moderate to severe(Klepstad et al., 2005b; van den Beuken-van Everdingen
et al., 2007).

In a one day prevalence study of hospitalized cancer patients Holtan et al. found that 30%
of those who had severe pain (> 5 on an 11-point numerical rating scale (NRS)) were not
on opioids and some of these did not receive any analgesics at all(Holtan et al., 2007).
Cleeland et al. surveyed the intensity of pain in 1308 outpatients with metastases, and
observed that 42% of those with pain, were not given adequate analgesic
treatment(Cleeland et al., 1994). The inadequacy of cancer pain treatment was also
demonstrated by an IASP Task Force on cancer pain survey which reported that 67% of
1095 patients treated by pain specialists experienced worst pain intensity (PI)>7 ona 11-
point NRS during the day prior to the survey (Caraceni and Portenoy 1999). The cancer
pain prevalence varies greatly between different types of cancer, and also within the
cancer disease trajectory, and setting. When comparing pain treatment by in-patient
hospices and National Health Service hospitals in the UK from the relatives perspective,
80.6% (n=25) reported treatment relieved pain in hospices and 38.7 % (n=12) in the
hospitals(Addington-Hall and O'Callaghan 2009).

BTP has been reported in 40-93% of patients with advanced cancer depending on the
setting and the definition used to identify it(Caraceni et al., 2004; Fine and Busch 1998;
Greco et al., 2011; Mercadante et al., 2010; Patt and Ellison 1998; Portenoy and Hagen
1990; Swanwick et al., 2001; Zeppetella et al., 2000). A task force of the IASP involved a
total of 1095 patients in 24 countries reported a prevalence of BTP of 64.8%(Caraceni
and Portenoy 1999). In a recent prospective, longitudinal study of 1801 cancer patients,
40.3% reported BTP at baseline and most did not receive rescue therapy at all(Greco et
al., 2011). The data suggest that moderate to severe cancer pain requiring the use of
opioids is either untreated or undertreated for millions of cancer patients worldwide.

1.2.3 Principles of cancer pain treatment

The overall aim of cancer pain treatment is to eliminate the cause of the pain when
possible, and if not possible, to relieve pain to the patient’s satisfaction, so that he or she
can function effectively and eventually die free of pain(WHO 1996). Most pain states of
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cancer can be treated by careful assessment of the syndrome components and underlying
pathophysiology, and with appropriate use of simple therapies(Ventafridda et al., 1987;
WHO 1996). Opioids are the mainstay in cancer pain treatment, with the World Health
Organization (WHO) analgesic ladder (fig 2) as the basic approach(WHO 1996).

Fig. 2 WHO pain ladder for treatment of cancer pain
(Figure made by Trine Andreassen)
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The WHO ladder is based on severity of pain intensity and states that non-opioids
(paracetamol or NSAIDs) should be administered for mild pain, followed by step 11
opioids (“weak opioids” such as codeine or dextropropoxyphene) for mild to moderate
pain and then if required, a step I1I opioid (“strong opioids” with morphine as first
choice) in increasing doses until pain relief or dose-limiting side effects occur.

During the last decade much attention has been given to improve pain treatment.
Fourteen guidelines on cancer pain management, published after 2000 were recently
reviewed and compared by Pigni et al.(Pigni et al., 2010). Significant variation in relevant
topics, such as the role of morphine as the first-line drug was found. There is a lack of
evidence to support current clinical practice in opioid treatment(Pigni et al., 2010). In
addition there are often local standards for each department, center or country(Klepstad et
al., 2005b). The European Association for Palliative Care (EAPC) has published detailed
recommendations on the use of opioids in cancer pain treatment based on the WHO
analgesic ladder. These were published in 1996, first revised in 2001, and are now under
revision again(Caraceni 2011; Expert Working Group of the European Association for
Palliative Care 1996; Hanks et al., 2001). Twenty-two systematic literature reviews of
relevant topics in cancer pain treatment are performed(Pigni et al., 2010). At the time
when this thesis was planned, the EAPC recommendations were: morphine should be the
drug of choice and oral administration preferred. The dose should be tailored to the
individual patient with the simplest method of dose titration, with dose of normal release
morphine given every four hours and the same dose for BTP given as often as required
(BTP management is further outlined in a later section). If patients experience intolerable
side effects before achieving pain relief, a change to an alternative opioid or a change of
route should be considered(Hanks et al., 2001).
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1.3 Opioids in cancer pain
1.3.1 History

Opioids are among the oldest and most effective drugs known, with references to their
use back to 4000 B.C. when the opium poppy was cultivated by Sumerians who referred
to it as Hul Gil, the “joy plant”. Ancient Egyptian papyrus records mention opium as
treatment for cancer pain around 1300 B.C. History traces the drug's astounding impact
on world culture - from its religious use to the earliest medical science to the opium wars.
However, more has been learned about these agents, during the last 30 years, than in the
preceding hundreds of years.

1.3.2 Clinical aspects of pharmacokinetics and pharmacodynamics
of opioids

Opioid is a generic term for chemical substances binding to opioid receptors; naturally
occurring alkaloids (opiates such as morphine and codeine from the poppy seed), semi-
synthetic opioids (created from the natural opiates hydromorphone and oxycodone) or
fully synthetic opioids (fentanyl and methadone). Opioids may be classified by their
function as agonists (morphine, oxycodone, fentanyl, methadone and hydromorphone),
partial agonists (buprenorphine), or antagonist (naloxone). The various opioids differ in
ways of possible routes of administration, absorption from the gastrointestinal tract,
distribution, and elimination (Hanks and Reid 2005; Inturrisi 2002; Paice 2007).

Opioids receptors were discovered independently by three research groups in 1973(Pert
and Snyder 1973; Simon et al., 1973; Terenius 1973). Mu (p), kappa (), and delta (5)
opioid receptors represent the originally classified receptor subtypes, with opioid receptor
like-1 (ORL1) being the least characterized. All four receptors are G-protein coupled and
activate inhibitory G proteins(Al-Hasani and Bruchas 2011). The opioid receptors are
found within the central nervous system (CNS) and in the peripheral tissues(Janson and
Stein 2003; Kieffer and Gaveriaux-Ruff 2002; Mansour et al., 1988).

Pharmacokinetics (PK) is the study of drug disposition, and deals with the process of
absorption, distribution, and elimination (metabolism and excretion) (what the body does
to the drug). Pharmacodynamics (PD) describes the effects of a drug (what the drug dose
to the body) and is often concerned with the relation between concentration of the drug
and its effect .

1.3.2.1 Absorption, distribution and elimination

Drugs are administered intravascular (intravenously (iv) or intra-arterially) or
extravascular. Extravascular modes of administration include the oral, nasal, sublingual,
buccal, intramuscular, dermal, pulmonary, and rectal routes; which all requires
absorption. Absorption is defined as the process where unchanged drug proceeds from
site of administration to site of measurement within the body. Two factors decide the
extent of absorption; the characteristics of the drug and way of administration (enteral or
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parenteral (excluding intravenous administration)). Oral transmucosal, intranasal, and
intrapulmonary administration are a mixture of enteral and parenteral routes through
which the administered drug can be absorbed enterally due to swallowing, and
parenterally via the buccal or sublingual mucosa(Davies 2006). Lipid-soluble drugs (such
as fentanyl) diffuse easily across membranes and these can also be delivered
transdermally or transmucosally, while water-soluble opioids such as morphine and
oxycodone pass at slower rates. A solid drug, encounters several barriers and sites of loss
during gastrointestinal absorption; incomplete dissolution, low intestinal permeability,
and metabolism in the gut lumen or by enzymes in the gut wall. Removal of drug as it
first passes the liver further reduces absorption (first pass metabolism). The absorption
phase lasts until no more drug is absorbed to the blood. Once absorbed, a drug is
distributed to the various organs influenced by how well an organ is perfused with blood,
organ size, binding of drug within blood and in tissues, and permeability of tissue
membranes. Distribution is the process of reversible transfer of a drug to and from the
site of measurement (usually blood). During the distribution phase, changes in the
concentrations of a drug in plasma reflect primarily movement of drug within, rather than
loss from the body. Opioid distribution within the vascular compartment following
absorption is a function of plasma protein binding and lipophilicity. As an example;
morphine is moderately protein bound (30%), in contrast to fentanyl which is both highly
protein bound (80-85%) and lipophilic. There are two main distribution barriers; the
brain-blood barrier and the placenta barrier. The blood-brain barrier is a permeability
barrier to passive diffusion of substances from the bloodstream to various regions of the
CNS. The extent of this transport depends on the molecular charge, weight, and its
lipophilicity. With time, equilibrium of drug in tissue with that in plasma is established,
and eventually, changes in the drug plasma concentration reflect a proportional change in
the concentration of drug in all tissues and, hence, the amount of drug in the body. The
decline of the plasma concentration is then due to only to elimination; the elimination
phase. Elimination is the irreversible loss of drug from the site of measurement. A drug is
eliminated either by metabolism or excretion. Most drugs are eliminated by a first-order
process, in which the amount of drug eliminated is directly proportional to the serum drug
concentration. There is a linear relationship between rate of elimination and serum drug
concentration. Although the amount of drug eliminated in a first-order process changes
with concentration, the fraction of a drug eliminated remains constant. As an example of
metabolism process; opioids are primarily metabolized through two enzyme systems; the
UDP-glucuronosyltransferases (UGTs) and the cytochrome (CYP) 450 system. The
CYPs responsible for the metabolism of methadone remains controversial, CYP2B6 and
CYP3A4 are suggested as main pathways, with less involvement of CYP1A2 and
CYP2D6(Crettol et al., 2006; Eap et al., 2002; Kharasch et al., 2004c; Kharasch et al.,
2009; Totah et al., 2008). In contrast to methadone, morphine is metabolized by the
uridine-diphosphate-glucuronosyltransferase 2B7 (UGT2B7) into the two principle
metabolites morphine 3-glucuronide (M3G) and morphine 6-glucuronide
(M6G)(Coffman et al., 1997; Milne et al., 1996). Oxycodone is metabolized mainly via
CYP3A4 to the inactive noroxycodone and via CYP2D6 to the active
oxymorphone(Gronlund et al., 2010; Lalovic et al., 2006; Zwisler et al., 2010).
Oxymorphone is an active metabolite, but its contribution to the efficacy of oxycodone is
uncertain(Mayyas et al., 2010; Zwisler et al., 2010). Fentanyl is mainly metabolized via
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the CYP3A4 to norfentanyl, respectively(Feierman and Lasker 1996; Labroo et al.,

1997). Once metabolized, renal excretion account for approximately 90% of the excretion
of most opioid metabolites via urine. Elimination will be affected by liver or renal
dysfunction, and might lead to reduced doses or a switch of drug.

Fig 3. Time concentration curve of a drug given orally (semilog)
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The rising position of a plasma-concentration curve is the absorption phase (where
distribution and elimination also takes place), and the declining portion, the elimination
phase (where the elimination constant (k) and the terminal half-life (1) can be calculated

1.3.2.2 Pharmacokinetic parameters

Using a non-compartmental method the Cpx, Trax and area under the plasma drug
concentration-time curve (AUC) can be directly read out of a concentration-time graph
(fig 3). Compartment-free methods do not assume any specific compartmental model and
produce accurate results also acceptable for bioequivalence studies. Exposure of a drug
may be expressed as AUC, which is the area under the plot of plasma concentration of
drug against time after drug administration. AUC may also be used to describe individual
variations, and interactions. The serum concentrations of drugs that are administered
periodically are often measured as trough concentrations; the concentration just before
the administration of the next dose.

Different routes of administration result in different times to maximum concentration

(Cmax). The absorption across biological barriers before entry into vascular compartment
after oral dosing determines the time to maximum concentration (Tmax) compared to the iv
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route. Trmax is often used to predict time to effect of the drug as it is related, although the
effect of the drug starts before the peak concentration (if not delay from blood till site of
action is not too long). For drugs with the vascular system as its effect site, Tnax values
are a good approximation to time to effect, whereas Tmax values may differ significantly
from time to effect for drugs acting at other effect sites, for example in the CNS as
transport from blood to effect site also takes time. When estimating Cyax and Tiax,
venous blood samples are most commonly studied. However, during the early distribution
phase, arterio-venous differences in serum concentrations have been reported for several
drugs such as remifentanil and heroine after intravenous administration(Chiou 1989b;
Hermann et al., 1999; Rentsch et al., 2001) with a shorter Tp.x and a higher Cpx in the
arterial samples.

The volume of distribution (Vg) is a pharmacological term used to quantify the
distribution of a drug between plasma and the rest of the body at steady state. It is defined
as the theoretical volume in which the total amount of drug in the body would need to be
uniformly distributed to produce the observed blood concentration of a drug. Volume of
distribution is depending of physiochemical factors such as lipophilicity, pKa, molecular
size, and physiological factors of the drug such as binding to serum proteins.
Exemplified, morphine and oxycodone are moderately protein bound (30% and 45%,
respectively), in contrast to fentanyl and methadone which is both highly protein bound
(80-85%) and lipophilic. V4 is used to relate plasma concentration to amount of drug in
the body during the elimination phase. Clearance (CL) is a descriptive term used to
evaluate efficiency of drug removal from the body. It is not an indicator of how much
drug is being removed; it only represents the theoretical volume of blood which is totally
cleared of drug per unit time. Because clearance is a first-order process, the amount of
drug removed depends on the concentration. The elimination rate constant (k) represents
the fraction of drug eliminated per unit of time.

The elimination/terminal half life (t1,) of a drug is the time needed for the plasma
concentration of a substance to be eliminated to the half. The elimination half-life is a
parameter controlled by plasma clearance and extent of distribution. A long terminal half-
life can be associated to a large volume of distribution (V4) or/and attributable to a small
plasma clearance (t;,=0.693 (In 2) * Volume of distribution (V4)/ Plasma clearance
(CL)).

The main clinical application of terminal half-life is to select an appropriate length for the
dosing interval in circumstances of multiple dose administration; it allows prediction of
drug accumulation and the time taken to reach steady state concentration (Cs). It takes
approximately t;» times five to reach steady state. In steady state the drug elimination
equals drug availability. When a drug is administered every 12 h the serum
concentrations of the drug rises and falls. In steady-state this cycle is repeated identically
in each administration interval, and the steady state serum concentration then describes
the average drug concentration during an inter-dose interval. It is more common to refer
to the half-life, than to the elimination rate constant of a drug. The elimination rate
constant (k) may simply be regarded as the fractional rate of drug removal. A simple way
to express the efficiency of drug elimination is to consider the numerical value of the
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slope (A,) of the terminal phase. The decay of a drug following first-order
pharmacokinetics being exponential, the terminal half-life is obtained by: t;,=0.693/ Az.

The fraction of the drug (%) that enters the systemic circulation is called the
bioavailability. The intravenous (iv) administration does not require absorption and has a
100% bioavailability. Oral bioavailability of methadone, morphine, oxycodone and
bioavailability of oral transmucosal fentanyl (OTFC) are presented in table 1. A low
bioavailability can be the result of low absorption from the intestine or a high first pass
metabolism (by gut wall enzymes, and hepatic enzymes). Also the P-glycoprotein (Pgp)
efflux pump may affect the bioavailability of opioids(Mercer and Coop 2011). Pgp
transports substances from the intracellular to the extracellular space to protect cells from
toxicity and limit the access of drugs to the CNS (Aquilante et al., 2000; Hassan et al.,
2009; Mercer and Coop 2011). What opioids are substrates for Pgp is not yet established
(Kharasch et al., 2004b; King et al., 2001; Thompson et al., 2000).

Table 1. Metabolites, Tmax, t12 and bioavailability of oral morphine and oxycodone (both
IR), methadone and oral transmucosal fentanyl citrate (OTFC)

Metabolites Tmax t1n Bioavailability
Morphine M6G (active), M3G and 1-3h 2-35h 20-35 %"
normorphine (Collins et al., 1998;

Gourlay et al., 1986;
Hasselstrom and Sawe
1993; Hoskin et al.,
1989; Sawe et al., 1985)

Oxycodone Oxymorphone (active), 1-2h 2-3h 60-87 %*
noroxycodone and o and f3 %)eme;t*jl-’ sy
oxycodole, noroxymorphone Reder etal, 1996)
Methadone EDDP and EMDP 1.5-28h 24 (13-50h) 70-90 %*
(Dale et al., 2004;
Gourlay et al., 1986)
Fentanyl Norfentanyl and 20-24 lh 40-50 %
(OTFC) hydroxyfentanyl min (Egan etal,, 2000;

Streisand et al., 1991)

Studies including cancer patients (Gourlay, Sawe and Leow), both cancer patients and healthy volunteers
(Collins), and healthy volunteers only (Hasselstrom, Hoskin, Poyhia, Reder, Dale, Egan and Streisand).

1.3.3 Interindividual variability

The doses of opioids needed for pain relief vary between individuals(Hanks and Reid
2005; McQuay et al., 1990). The therapeutic dose for morphine may extend from 15 to
1500 mg per day(Hanks and Reid 2005). Even in relatively homogenous patient cohorts,
dosage requirements vary substantially(Ashby et al., 1997; Aubrun et al., 2003). Many
explanations to this are purposed, such as differences in drug bioavailability, metabolism,
efficacy(Hanks and Reid 2005; Inturrisi 2002; Mercadante 1998), in the intensity of pain
stimuli and perception(Collin et al., 1993; Glare and Walsh 1991), age, gender, body fat,
muscle wasting, cancer-diagnosis, status of liver and kidney function, disease
comorbidities and concurrent medications(Hall et al., 2003; Laird et al., 2009; Paice
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2007). A number of studies, reviews and textbooks have addressed the role of genetic
variants, especially polymorphisms in genes encoding proteins involved in opioid
pharmacology(Davis et al., 2009; Galvan et al., 2011; Ikeda et al., 2005; Kasai et al.,
2008; Klepstad et al., 2005a; Lacroix-Fralish and Mogil 2009; Lotsch and Geisslinger
2006; Somogyi et al., 2007; Stamer et al., 2005). Explorations of opioid receptor subtypes
(u, 8, and k, ORL1 with splice variants) and their properties(Pan et al., 2005; Pasternak
2005), identification of twenty different endogenous opioid peptides which differed in
receptor affinity(Akil et al., 1998; Bodnar and Klein 2006), the multiple opioid receptor
signaling regulations at multiple levels(Law et al., 2000), receptor cross-talk(Charles et
al., 2003) and differences in Pgp-activity (several substances including many of the
chemotherapeutic drugs can alter the expression)(Baker et al., 2005) makes the picture
complex. However, the genetic studies in which some of this knowledge originates have
been criticized of having small samples, the findings are not replicated, and several
candidate genes have not been studied(Hirschhorn et al., 2002; Kim et al., 2009; Skorpen
et al., 2008). Even the best established gene variation supposed to influence opioid
efficacy (in the p-opioid receptor gene OPRM1) have been questioned in a meta-
analyzes(Walter and Lotsch 2009). In a recent European genetic association study of
2294 cancer patients on different strong opioids, 112 single nucleotide polymorphisms
(SNPs) in 23 candidate genes proposed to influence opioid efficacy were studied. None
showed significant association with opioid dose(Klepstad et al., 2011). Genetic
variability is also suggested to affect the degree of side effects of opioids. However, no
clear genetic association has been established(Klepstad et al., 2011). So far, there is no
clear evidence that genetic markers can be used to predict opioid efficacy, or adverse
effects in palliative care patients(Skorpen et al., 2008).

1.3.4 Side effects

The incidence and severity of side effects from the administration of opioids can play an
important role in the success or failure of pain management in patients with cancer pain
(Cherny et al., 2001). The evidence of opioid related side effect prevalence is restricted to
reports of specific side effects, and numbers are often confounded by the contribution of
comorbidities or concurrent medication (McNicol et al., 2003). Common opioid-related
side effects are constipation(Panchal et al., 2007), sedation(Young-McCaughan and
Miaskowski 2001), nausea and vomiting (Redmond and Glass 2005), and cognitive
dysfunction(Ersek et al., 2004). Less frequent side effects include dry mouth(Meuser et
al.,, 2001), loss of appetite(Morley et al., 1983), urinary retention, perceptual
distortion(Daeninck and Bruera 1999), respiratory depression(Dahan et al., 2010), and
myoclonus(O'Mahony et al., 2001). Of 23 symptoms, only constipation, erythema and
dry mouth were assessed as being most frequently caused by the analgesic regimen in a
longitudinal symptom prevalence study in cancer patients treated by the WHO cancer
pain guidelines (n=594)(Meuser et al., 2001). In a recent cross-sectional study from 143
palliative care centers in 21 European countries, 3030 cancer patients (whereof 2064 on
opioids according to the WHO pain-ladder) were generalized weakness 50%, fatigue
48%, anxiety 28%, constipation 18%, depression 18% and dyspnea 15%(Laugsand et al.,
2009). Furthermore, one-third to half of these patients did not receive any treatment
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aimed to reduce the symptom intensity. Symptom intensity is also found to often being
underestimated by providers(Laugsand et al., 2011).

With all opioids, respiratory depression is potentially the most serious opioid side effect.
Opioid-induced respiratory depression is believed to be mediated largely by the p-opioid
receptors. Opioids administered to mice lacking these receptors, did not induce
respiratory depression(Dahan et al., 2001). Respiratory depression is however rare in
patients on long term opioid treatment(McQuay 1999). The different opioids are reported
to cause comparable degrees of respiratory depression at equianalgesic doses. Although
the complex pharmacokinetics of methadone may place patients at a higher risk of
hypoventilation than other opioid agonists(Lipman 2005). Several cases of overdose and
severe respiratory depression, have been reported in relation to switching to
methadone(Benitez-Rosario et al., 2006; Elsayem and Bruera 2005; Ettinger et al., 1979;
Fredheim et al., 2006b; Hernansanz et al., 2006; Hunt and Bruera 1995; Oneschuk and
Bruera 2000; Watanabe et al., 2002). Management of respiratory depression includes
discontinuing opioids, and initiating naloxone infusion(Cherny et al., 2001; Dahan et al.,
2010).

Little is known about which patients are at risk of opioid side effects. According to an
Expert Working Group of the EAPC Research Network, there is little reproducible
evidence suggesting than one opioid agonist has a better side effect profile than another
and that there is very limited evidence to suggest differences in side effects associated
with a specific route of administration (Cherny et al., 2001). However, small studies have
observed differences in side effects between opioids(Ahmedzai and Brooks 1997;
Campora et al., 1991; Clark et al., 2004; Cooper et al., 1999; Lauretti et al., 2003; Yang et
al., 2010) and when comparing routes(Babul et al., 1998). It is not evident whether this is
a route-or drug-related effect. Sex, race, and increasing age are all factors suggested to
influence the development of side effects(Cepeda et al., 2003). In patients with impaired
renal function there is delayed clearance of the active metabolite M6G(Osborne et al.,
1993). Anecdotally, high concentrations of M6G have been associated with
toxicity(Hagen et al., 1991; Osborne et al., 1986; Sjogren et al., 1993). The serum
concentrations of morphine, M6G, or M3G could not predict pain intensity, cognitive
function, nausea or tiredness in 263 cancer patients receiving oral morphine (Klepstad et
al., 2003). No association were observed between side effects, pain and serum
concentrations of morphine or its metabolites in 40 cancer patients with pain(Klepstad et
al., 2000), this was confirmed in a study on 46 cancer patients with pain(Quigley et al.,
2003).

There remains a scarcity of randomized controlled trials in the area of management of
opioid side effects(Cherny et al., 2001; McNicol et al., 2003). Several guidelines, mostly
based on aggregated clinical experience and expert recommendations, describe how to
treat opioid side effects(Benyamin et al., 2008; Cherny et al., 2001; Larkin et al., 2008;
McNicol et al., 2003; Swegle and Logemann 2006). Dose reduction, change of route,
switching the opioid, and prescription of symptomatic drugs are the main strategies used
by physicians to reduce opioid side effects(Cherny et al., 2001).
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1.3.5 Tolerance, dependency and addiction

Widely accepted definitions of these phenomena in patients on long term opioid
treatment are lacking(Ballantyne 2007a; Savage et al., 2003). Clinical tolerance might be
defined as the reduced effect for equivalent dose, or the requirement of increased doses to
attain the same effect(Savage et al., 2003). This effect is primarily caused by
pharmacodynamics changes. This is however, not shown in clinical studies, and
progression of disease is often used to explain the increasing opioid dose over time(Collin
et al., 1993). Tolerance to side effects such as tolerance to nausea, vomiting, respiratory
depression and sedation usually develops within days or weeks, with an exception of
constipation(Jage 2005). ‘Cross-tolerance’ implies that subjects tolerant to one opioid
will be tolerant to another and is limited to drugs acting at the same receptors. Incomplete
cross tolerance among p-receptor ligands might reflect their differing selectivity for
different p -receptor subtypes(Pasternak 2001). Misuse attaches a stigma to opioid use,
and a fear tolerance and addiction exist(Ballantyne 2007b; Paice et al., 1998). Addiction
is associated with drugs capable of producing reward. Despite the use of high opioid
doses, addiction is rare in the cancer population(Hojsted and Sjogren 2007; Levy 1994;
McQuay 1999). Physical dependence is the withdrawal syndrome when the drug is
significantly reduced or stopped, and is an almost obligate result of long-term use of
opioids in patients irrespective of underlying pain syndrome. Opioid analgesia should
therefore not be discontinued abruptly.

1.3.6 Methadone

1.3.6.1 History

Methadone was developed in 1938, and was filed in 1941(Fishman et al., 2002).
According to myth it was developed to relieve anticipated shortage of morphine during
World War II. Due to its long half-life and low cost, methadone had an important role in
the treatment of pain until the introduction of slow-release (SR) formulations of other
opioids in the early 1980s. Methadone was at that time primarily available as a mixture
with an unpleasant taste, and consequently lost popularity after the introduction of other
slow-release formulations. Methadone has had two major indications; in pain
management and in opioid maintenance therapy for opioid addicts in order to prevent
abstinence reaction and relapse to misuse. Currently, methadone has had a renaissance in
the treatment of pain as a second line opioid, when other opioids fail(Quigley 2004).

1.3.6.2 Basic properties

Methadone is a synthetic opioid whose structure is quite different from that of morphine;
6-demethylamino-4.4-diphenyl-3heptanone and it is basic with a pKa of 9.2 (fig 4).
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Fig. 4 Structural formula of methadone and morphine
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Methadone is commercially available as tablets, capsules, solution for oral
administration and solution for intravenous administration. In healthy volunteers
methadone has been administered intranasally and in solution for rectal administration,
but local irritation was observed for the nasal route(Dale et al., 2002b; Dale et al., 2004).
Clinical use of custom made suppositories has also been reported(Bruera et al., 1995b;
Ripamonti et al., 1995; Watanabe et al., 1996). Methadone administered subcutaneously
may cause local reactions (Bruera et al., 1991a). Thus the intravenous route is preferable
for parenteral administration. (Manfredi et al., 1997). Commercially available
formulations of methadone are racemic mixtures of R- and S-methadone (levomethadone
and dextromethadone, respectively), though in Germany, only the R-enantiomer has
traditionally been used.

Methadone is entirely absorbed in the gastrointestinal tract, but the mean oral
bioavailability is about 80 % (because of first pass metabolism). The bioavailability is far
higher than for the other opioids used in palliative care (Dale et al., 2002b; Gourlay et al.,
1986) (table 1). Methadone binds to al-glycoprotein in plasma, and only about 10% of
methadone remains unbound (Felder et al., 1999; Garrido et al., 2000; Gourlay et al.,
1986). Owing to high lipid solubility 98 % of methadone reaching the central
compartment is rapidly distributed to tissues, and only 1-2 % remain in the blood
compartment at steady state(Ferrari et al., 2004). Methadone has a rapid initial
distribution phase (2-3h), and a prolonged elimination phase with a terminal half-life
ranging from about 13-50 h (Dale et al., 2002b; Inturrisi 2002). The long half-life is
caused by the large volume of distribution for methadone, the high affinity to tissue, and
lipophilicity. Time required reaching steady state, and thus maximum effect will vary
from about 35 to 350 hours (13.5 days). Data has shown low correlation between
methadone dose and steady state serum concentrations both in patients in opioid
maintenance therapy and in patients with chronic non-cancer pain(de Vos et al., 1995;
Fredheim et al., 2007). Methadone is detected in serum within 30 min after oral intake,
with a maximum serum concentrations (Tmax) after oral intake between 2-4 hours (Dale et
al., 2002b). It is commonly sited that the interindividual variability of the
pharmacokinetics of methadone is larger than that of other opioids(Nicholson 2007;
Weschules and Bain 2008).

Methadone activates p, k, and & opioid receptors, possesses moderate antagonistic effect
to the NMDA receptor (both enantiomers), and strongly inhibits reuptake of serotonin
and noradrenalin in the CNS (S-methadone) (Codd et al., 1995; Ebert et al., 1995;
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Gorman et al., 1997; Kristensen et al., 1995). The NMDA mechanism is suggested in
animal studies to play an important role in the prevention of opioid tolerance, and
potentiating of opioid effects(Davis and Inturrisi 1999; Ebert et al., 1995; Ebert et al.,
1998; Gorman et al., 1997).

Methadone is metabolized mostly through microsomal liver enzymes, but also in the
intestinal wall to the two inactive metabolites; 2-ethylidene-1.5-dimethyl-3.3-
dipenylpyrolidine (EDDP) and 2-ethyl-5methyl-3.3-dipenylpyrodine (EMDP). The CYPs
responsible for the metabolism of methadone remains controversial, CYP2B6 and
CYP3A4 are suggested as main pathways, with less involvement of CYP1A2 and
CYP2D6(Crettol et al., 2006; Eap et al., 2002; Kharasch et al., 2004c; Kharasch et al.,
2009; Totah et al., 2008). The CYP 3A4 pathway in animals has recently been
questioned(Kharasch et al., 2008; Kharasch et al., 2009). There is a large interindividual
variability (20-100 folds) in methadone clearance(Eap et al., 2002; Foster et al., 2000).
Methadone is excreted mainly via the alimentary tract, but also via the kidneys depending
on the urine pH. Methadone can be administered to patients with renal impairments
(Bellward et al., 1977; Rostami-Hodjegan et al., 1999).

1.3.6.3 Interactions and QT-prolongation

The metabolism of methadone by CYP3A4 and 2B6 implies the possibility of numerous
drug-drug interactions, and both enzyme inhibition and induction are possible(Ferrari et
al., 2004) with a possible increase or decrease of the serum methadone concentration and
effects. The most relevant interactions for patients with chronic pain are outlined in a
review on clinical pharmacology of methadone(Fredheim et al., 2008), with most of the
drugs being psychoactive or antineoplastic. Particular attention should be paid to
antibiotic treatment with the potent CYP 3A4 inhibitors macrolides and
ciprofloxacin(Aminimanizani et al., 2001; Davis et al., 1996; Herrlin et al., 2000;
Westphal 2000). In animal studies, inhibition of Pgp are reported to have impact on the
methadone serum levels(Ortega et al., 2007; Rodriguez et al., 2004), while reports on the
impact of Pgp and methadone concentration in man are conflicting(Coller et al., 2006;
Crettol et al., 2006; Kharasch et al., 2004b). However, a drug such as paroxetine is
suggested to inhibit major metabolic pathways for methadone in addition to its inhibitions
of Pgp in patients on methadone maintenance treatment(Begre et al., 2002).

Methadone is known to block potassium channels required for rapid cardiac muscle
repolarization (increasing the QT time), which may explain the associated risk of
arrhythmia, particularly the potentially lethal torsade de pointes arrhythmia(Viskin 1999).
The reported frequency of methadone induced long QT time varies between 7% and
83%, depending on the patients population and the methadone dose (Fredheim et al.,
2006a; Krantz et al., 2003; Krantz et al., 2005; Martell et al., 2005; Pearson and Woosley
2005; Reddy et al., 2010). However, critical QT prolongation (exceeding 500 msec or
increases exceeding 60 msec) occurs infrequently(Krantz 2008). In the few studies
reporting QT time in cancer patients, a QT prolongation is described in up to 28% of the
patients with only a few > 500 msec, and no arrhythmias are reported. (Kornick et al.,
2003; Reddy et al., 2004; Reddy et al., 2010). The evidence concerning the influence of
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methadone on QTc has been conflicting, and the risk of developing arrhythmia is not yet
established(Heppe et al., 2010).

1.4 Opioid switching to methadone

1.4.1 Definition, indications and rationale

Opioid switching or opioid rotation is the practice of substituting one strong opioid for
another when there is an unacceptable unbalance between pain relief and side effects
from the first opioid. Major indications for switching the opioid are(Daeninck and Bruera
1999; de Stoutz et al., 1995):

e Pain is controlled, but the patient experiences intolerable side effects.

e Pain is not adequately controlled, but it is impossible to increase the dose due to
side effects.

e Application problems such as swallowing difficulty, vomiting, or local irritation
exists.

e Pain is not adequately controlled by rapid increasing the dose of opioids.

The last point remains controversial, as further escalating the dose could provide
appropriate analgesia. Pure agonist opioids have no ceiling effect, which suggests that
only side effects will limit a further escalation of the opioid dose. However, a rapid
opioid escalation has been recognized as a negative predictive factor for the clinical
response(Mercadante and Portenoy 2001).

Methadone is the most commonly applied second line opioid in the treatment of cancer
pain or chronic non-malignant pain when other strong opioids fail to provide acceptable
pain relief or side effects (Cherny and Foley 1996; Fredheim et al., 2008; Lawlor et al.,
1998; Quigley 2004; Weschules and Bain 2008). The few studies providing data on the
patients former opioid treatment are retrospective, and often incomplete regarding how
long opioids are used before the switch to methadone, which opioids have been tried
before the switch and how long methadone is utilized after the switch(de Stoutz et al.,
1995; Kloke et al., 2000; Muller-Busch et al., 2005). The opioid history prior to a switch
to methadone will depend on what causes the pain, which opioids and formulations are
available due to restrictions, cost and setting/level of care. In a retrospective study within
a tertiary cancer care center, the opioid history of 273 cancer patients where the WHO
recommendations for cancer therapy were strictly followed; 68.9 % used morphine
initially, 16.5% fentanyl, 11% buprenorphine and 2.9% used levomethadone. As many as
37.5% changed their opioid once, 21.4% changed twice, 6.8% three times and one patient
five times(Kloke et al., 2000). A recent pharmacoepidemiological study, from a
Norwegian prescription database on methadone switching, found that 77% of the cancer
patients that switched to methadone received more than one dispensed methadone
prescription, and that 31.5% had tried two or more strong opioids prior to the switch to
methadone(Fredheim et al., 2011).

27



The biological mechanisms of the effect of opioid switching are not fully understood.
Several different mechanisms have been suggested including differences in opioid
receptor binding profiles, effects on receptors other than the p-opioid receptor, effects
from active metabolites and differences in pain conditions. The keystone to success of
opioid switching is often explained by the concept of incomplete cross-tolerance between
opioids(Cherny et al., 2001; Indelicato and Portenoy 2002; Mercadante 1999). In
addition, genetic influence on individual responses to different opioids are reported and
reviewed(Klepstad et al., 2005a; Lacroix-Fralish and Mogil 2009; Lotsch and Geisslinger
2006; Lotsch et al., 2009; Somogyi et al., 2007). Inter-individual responses to opioids are
further outlined in a previous section of this introduction.

Opioid switching has become an established practice for the management of cancer
related pain, and the maneuver is recommended by experts of the EAPC(Hanks et al.,
2001), an interdisciplinary expert panel in the USA(Fine and Portenoy 2009) and in

major text books on cancer pain(Bruera and Portenoy 2003; Davis et al., 2009; Fallon et
al., 2010; Hanks et al., 2009). While opioid switching is generally recognized, there are
several unresolved questions when switching the opioid; which opioid, switching strategy
and equianalgesic dosage should be applied? Few studies have evaluated the outcomes of
sequential opioid trials, and there are no specific data on the optimal order of
administration(Muller-Busch et al., 2005).

1.4.2 Switching strategies

Several switching strategies are purposed and found effective when switching to
methadone. However, no method is found to be superior and no randomized trials have
compared the strategies (Weschules and Bain 2008). Two commonly used switching
strategies at the time when this thesis was planned can be described as the “stop and go’
(SAG) and “the 3-days switch method” (3DS) (Leppert 2009; Mercadante and Bruera
2006) (fig 5). In the 3DS strategy, also referred to as the Edmonton model(Bruera and
Neumann 1999; Chhabra and Bull 2008; Lawlor et al., 1998), the dose of the primary
opioid is tapered stepwise over three days (one third reduction each day) and substituted
with the equianalgesic doses of methadone (Fredheim et al., 2006b; Lawlor et al., 1998;
Ripamonti et al., 1997).

>
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Fig5. The stop and go strategy (SAG) and the3-days switch (3DS) strategy when
switching to methadone

Stop and go 3-days switch

Methadone

When switching according to the SAG strategy, the initial opioid is terminated and
immediately replaced with an equianalgesic dose of methadone (Mercadante et al., 1999).
The SAG strategy is claimed to allow rapidly effective analgesia and stable plasma
concentration of methadone with quick side effect resolution because of elimination of
pervious opioid and metabolites(Mercadante et al., 2003; Soares 2005). 3DS proponents
claim that the procedure prevents accumulation of methadone, especially in patients on
high opioid doses(Lawlor et al., 1998; Ripamonti et al., 1998a). Neither of the claims
have been exposed to a randomized study design(Dale et al., 2011). Other switching
strategies include a switch during a week (Morley et al., 1993), gradually during several
(Hagen and Wasylenko 1999; Hays and Woodroffe 1999), and a “methadone ad libitum”
strategy (Cornish and Keen 2003; Tse et al., 2003). Nauck et al. reported a German model
of switching from high morphine doses (> 600 mg/d) to methadone, where the current
opioid was stopped, and 5-10 mg of R-methadone given po every 4 hours, with the same
rescue dose given as needed. After 72 hours the patients’ dosing intervals are adjusted to
every 8 hours(Nauck et al., 2001).

1.4.3 Equianalgesic ratios

At the time when this thesis was planned, commonly recommended equianalgesic dose
ratios from morphine (Mo) to methadone (Meth) were 1:1 to 4:1(Inturrisi and Hanks
1998; Mercadante et al., 1999). Several studies of opioid switching have, however,
reported dose ratios which are substantially higher and with large interindividual
variations (Gagnon and Bruera 1999; Lawlor et al., 1998; Ripamonti et al., 1998a;
Ripamonti et al., 1998b). In seven patients with preswitch morphine doses above 1165
mg/day, a mean morphine: methadone ratio of 17:1 has been reported, with range 12:1 to
88:1 (Lawlor et al., 1998). Some studies of opioid switching have applied dose dependent
dose ratios from 3:1 to 20:1(Ayonrinde and Bridge 2000; Fredheim et al., 2006b;
Ripamonti et al., 1998b), while others have applied a fixed dose ratio of 5:1 for pre
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switch morphine doses as high as 400 mg/day (Mercadante et al., 1999). An alternative
approach to using equianalgesic tables, is the use of algorithms to determine the proper
methadone dose(Morley and Makin 1998; Plonk 2005). There are strong indications that
the differences in ratios may be explained by dose-dependency (Ayonrinde and Bridge
2000; Lawlor et al., 1998; Ripamonti et al., 1998b). However, also interindividual
differences in pharmacokinetics as drug-drug interactions may influence dose ratios
(Anderson et al., 2001). Moreover, trial design (sequential or parallel), trial population
(acute pain, non malignant pain or cancer pain, opioid naive or tolerant) and
measurements of pain response will play a significant role in reported relative potencies
(Berdine and Nesbit 2006). Benitez-Rosario et al. analyzed dose ratio predicting factors
in cancer patients when switching from morphine to methadone, and found that the
reasons for switching and the previous opioid doses were predictive factors and should be
used to select the right methadone dose(Benitez-Rosario et al., 2009). Weschules et al.
concluded in a recent review of studies on opioid conversion ratios used with methadone
between 1966 and 2006 (N=730) that there was no evidence to support one method of
rotation to methadone over another, and 46-89% of rotations were reported as
successful(Weschules and Bain 2008).

Only three studies report switching from methadone to an alternative opioid(Lawlor et
al., 1998; Moryl et al., 2002; Walker et al., 2008). The direction of opioid switching is
important, as the conversion factors that result are not necessarily equivalent when
switching the opioid in the opposite direction. Walker et al. reported retrospective data
from 29 cancer patients (mean methadone dose 35 mg/d) with a mean dose ratio of oral
methadone to oral morphine of 1:4.7 and from iv methadone to oral morphine
1:13.5(Walker et al., 2008). Lawlor et al. reported a sub analysis of six patients switched
from oral methadone to morphine with a median ratio of 1:8.25(Lawlor et al., 1998).
Moryl et al. switched 13 patients at a tertiary cancer center from methadone to different
opioids and reported that the initial dose of the second opioid in eight of the 13 patients
was lower than equianalgesic dose recommended by the American Pain Society (APS)
(Me: Mo=1:3.3), while the dose at 24 h exceeded the APS recommended doses in 11
patients. Only one was successfully maintained on the second opioid. The 12 others were
switched back to methadone because of side effects(Moryl et al., 2002).

1.4.4 Studies on switching to methadone

The studies on opioid switching to methadone are heterogeneous; the main difference
between studies are in preswitch opioid dose (and various opioids), switching strategies,
and definitions and measurements of outcomes. The switches are often not only a switch
to and from different opioids, but also a switch of route with reporting of pooled results.
In a systematic Cochrane review on opioid switching published in 2004 no randomized
controlled trials (RCTs), but 52 uncontrolled trials were found, of which 14 were
prospective(Quigley 2004). Quigley stated that reporting bias was highly probable as
only one study reported potential problems with switching(Moryl et al., 2002). However,
it was also concluded that opioid switching appeared to be effective, both in terms of
improving pain control and reducing opioid related side effects. It was called for better
controlled studies(Quigley 2004). This has also been the conclusion in more recent
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reviews on opioid switching in cancer patients(Mercadante and Bruera 2006; Vadalouca
et al., 2008) and also when including studies on chronic non-cancer patients(Weschules
and Bain 2008). A recent systematic review of opioid switching to improve pain control
or reduce side effects (after 2003) which built on the review from Quigley et al. included
11 papers whereof none were RCTs/meta-analyzes(Dale et al., 2011). The studies had a
groups size of 10-32 patients, a variety of opioids, switching strategies and ratios were
studied, observation period varied greatly (4 days to 4 weeks) and switching strategies
and the level of evidence was graded D (Grade’s approach(Atkins et al., 2004)). Both
prospective and retrospective studies have reported switches to methadone from
morphine alone in cancer patients(Benitez-Rosario et al., 2009; Mercadante et al., 2003;
Mercadante et al., 1999; Mercadante et al., 2001; Morley et al., 1993; Ripamonti et al.,
1998Db; Tse et al., 2003) and in non-cancer patients(Fredheim et al., 2006b). No studies
have reported on switches from oxycodone alone, but switches from oxycodone have
been included in studies describing pooled data.(Ripamonti et al., 1998a; Sawe et al.,
1981; Thomsen et al., 1999). To further describe the different outcomes and strategies
used in studies including switches from morphine or oxycodone to methadone in cancer
patients; more details are displayed in table 2.
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Only two studies had reported plasma concentrations of methadone after a switch from
morphine/oxycodone when this thesis was planned(Mercadante et al., 2003; Sawe et al.,
1981). Mercadante et al. switched 10 cancer patients (mean age 65.9 years, M8/F2) on a
mean dose of morphine of 317 mg/d (CI 22-612) with pain and/or intolerable side effects
to methadone, using the SAG strategy and a fixed ratio of 5:1 (Mo: Meth). Blood samples
were obtained at 9am (1-2 h after the morning dose of methadone). Stable methadone
concentrations were reported after 1-2 days and almost complete removal of morphine
and metabolites within three days. Pain intensity (NRS 0-10) was reduced from a mean of
6.9 to 4.2 after one day of methadone treatment and observational time was three
days(Mercadante et al., 2003). Only one study describes plasma concentrations of
methadone after a switch from oxycodone (2/14 patients) in cancer patients(Sawe et al.,
1981). The switching strategy was patient controlled (fixed dose of 10 mg as needed) and
trough methadone concentrations were at steady state after 2-3 days. Plasma
concentrations of methadone varied seven-fold after four to five days. 11/14 reported
complete or almost complete pain relief at day six. Later, Auret et al. reported that steady
state of venous trough R-methadone concentrations was achieved after 3.7-7.7 days in
11/13 advanced cancer (in-and out-) patients after a switch from morphine to methadone
because of pain or side effects (SAG with a fixed ratio of 6:1) in an uncontrolled
prospective study(Auret et al., 2006). 6/13 patients reported a clinically significant
improvement of worst pain by >20%. Fredheim et al. switched 12 out-patients with non-
malignant pain from morphine to methadone by the 3DS strategy(Fredheim et al., 2007).
Steady state of methadone and complete elimination of morphine and metabolites were
achieved after one week.

1.5 Nasal fentanyl and breakthrough pain
1.5.1 History and pharmacological aspects of fentanyl

Fentanyl is a highly lipid-soluble, short-acting, synthetic opioid (fig. 6), that was
synthesized by Dr. Janssen in 1960 and was first used during general anesthesia. In the
mid 1990s, fentanyl saw its first widespread use in cancer pain with the clinical
introduction of the transdermal patch(Stanley 1992). In the 90s interest for fentanyl given
transmucosally in palliative care arose. Most commonly, fentanyl is administered as iv
bolus and continuous iv infusion. However, other modes of administration such as
subcutaneous, intraspinal (epidural and intrathecal), transdermal, buccal, and intranasal
are also utilized in clinical practice(Davis 2010).

Fig 6. Structural formula of fentanyl

Q
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Fentanyl is a pure p-receptor agonist and it is 50-100 times more potent than
morphine(Prommer 2009). When given orally, fentanyl is absorbed through the
gastrointestinal tract and undergoes extensive intestinal and hepatic first-pass
metabolism, making it less bioavailable (32%) and other routes more preferable(Labroo
et al., 1997; Streisand et al., 1991). Fentanyl absorption via the mucosal surface is pH
dependent. An alkaline pH leads to a larger proportion of the dose absorbed, and a shorter
Tmax(Weinberg et al., 1988). Fentanyl has a Vd about 4L/kg, estimates of terminal t1/2
range from about 1.5 to 6 h (15 h in geriatric patients) and total body clearance (CL)
ranges from 0.4 to 2.4 L/min(Lim et al., 2003; Mather 1983). Once absorbed into the
systematic circulation, fentanyl passes rapidly across the blood-brain barrier(Shafer and
Varvel 1991). Fentanyl has been suggested being a Pgp substrate in mice and
humans(Kharasch et al., 2004a; Thompson et al., 2000), and genetic polymorphisms in
the gene that encodes for Pgp have been suggested to affect the clinical effects of
fentanyl(Park et al., 2007; Thompson et al., 2000). Fentanyl is metabolized in the liver
(90%) and in duodenum mainly via CYP3A4 to pharmacologically inactive metabolites,
such as norfentanyl and hydroxyfentanyl, which are excreted in the urine(Feierman and
Lasker 1996; Labroo et al., 1997; Tateishi et al., 1996). Significant interactions may
occur when fentanyl is administered concomitantly with CYP3A4 inhibitors(Hallberg et
al., 2006; Saari et al., 2008). Also, CYP3A4 inducers, have been reported to interact with
fentanyl by increasing the clearance(Morii et al., 2007; Takane et al., 2005).

1.5.2 Pharmacological breakthrough pain management

Breakthrough pain (BTP) is a heterogeneous phenomenon commonly managed with short
acting oral opioids as “rescue medication” in addition to the fixed-schedule opioid
regimen used to control the background pain. The EAPC recommendation on BTP
treatment at the time when this thesis was planned, was to use the same opioid as the
four-hourly dose of normal-release morphine, when necessary(Hanks et al., 2001). Oral
opioids have, however, a delayed onset to analgesia relative to peak of pain for most BTP
episodes, and have a long duration of effect (4-6h), which means that they are active for
much longer than required to treat a typical BTP episode(Portenoy and Hagen 1990;
Zeppetella 2008; 2009b). The oral rescue dose for BTP management has been assumed to
have some relation to the around the clock (ATC) dosage, and 10-20% of the daily opioid
dose have been recommended as starting doses(Benedetti et al., 2000; Cormie et al.,
2008; Hanks et al., 2001; Zeppetella 2009b). However, the effective opioid dose is
reported to be poorly related to the total daily dose of opioids(Christie et al., 1998;
Portenoy et al., 1999b; Portenoy et al., 2006; Zeppetella and Ribeiro 2006). In one study
the effective BTP opioid dose size varied from 1%-71% of the total daily dose of opioids
(Hagen et al., 2007). This indicates that a successful BTP opioid dose should be
determined by titration(Davies et al., 2009; Zeppetella 2011; Zeppetella and Ribeiro
2006).

Apart from the oral route, other routes such as the intravenous(Mercadante et al., 2004),
subcutaneous(Enting et al., 2005), rectal(De Conno et al., 1995), and
intrathecal(Hassenbusch et al., 2004) may be used to administer opioid analgesics for
BTP.
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The oral transmucosal fentanyl citrate (OTFC) was the most extensively studied novel
route of BTP medication at the time when this thesis was planned(Christie et al., 1998;
Coluzzi et al., 2001; Farrar et al., 1998; Portenoy et al., 1999b), and this became the first
medication developed specifically for treating cancer and non-cancer BTP in opioid
tolerant patients(Panagiotou and Mystakidou 2010). OTFC consists of a fentanyl-
impregnated lozenge (available from 200 to 1600 pg), and requires that it be rubbed on
the buccal surface until dissolved (usually within 15 min)(Aronoff et al., 2005). As the
lozenge dissolves, approximately 25% is rapidly absorbed while 75% is swallowed, and a
third is absorbed through the GI tract(Aronoff et al., 2005). The Ty.x varies from 20-40
min (range 20-480 min) and meaningful pain relief within 15 min is reported in
controlled studies (Coluzzi et al., 2001; Mystakidou et al., 2006). The bioavailability of
OTFC in healthy volunteers is 50% compared to iv fentanyl(Streisand et al., 1991).
OTFC has been compared to normal release morphine(Coluzzi et al., 2001), morphine
given intravenously(Mercadante et al., 2007b) and to placebo(Farrar et al., 1998), with
the conclusion that OTFC had a significantly faster onset of analgesia and reduced PI
more effectively. In a review of three OTFC trials involving 257 cancer patients,
responses did not correlate with age, BMI, pain mechanism, ATC opioid dose or opioid
dose used to treat BTP prior to the studies(Hagen et al., 2007). Studies on OTFC has
recently been thoroughly reviewed with the conclusion that it has a rapid onset to
analgesia, and appears to be superior to oral morphine in the treatment of BTP(Davis
2010; Portenoy 2011; Zeppetella 2011).

In the late 90s, there was an increasing interest in the nasal administration of opioids,
primarily because of the possible rapid onset of action and that nasal administration could
be performed by the patients themselves. The nasal route could also be acceptable to
patients with dysphagia, nausea/vomiting, impaired gastrointestinal function, or
xerostomia(Dale et al., 2002a; Shelley and Paech 2008). As many as 75% of patients with
late stage cancer have reduced salivary flow and/or impaired function(Chaushu et al.,
2000; Davies et al., 2011b; Davies and Vriens 2005; Sweeney et al., 1998) and
xerostomia is an adverse effect related to morphine(White et al., 1989), and it might be a
problem when administering OTFC(Davies and Vriens 2005). Other forms of
administrating fentanyl was therefore of interest when treating BTP, and PK studies of
intranasal fentanyl were needed.

1.5.3 Intranasal fentanyl

1.5.3.1 Characteristics of the nose and intranasal drug administration

The nasal cavity has a surface area of 150-180 cm?2 and internal volume of 15-20 ml(Dale
et al., 2002a). Blood flow to the nasal mucosa is extensive, and is considered to be greater
per cm’ tissue than in muscle, brain and liver. The thin mucosa, blood supply and
fenestrated capillaries differ from the oral mucosa and are an advantage to drug
absorption. The pH of the nasal cavity ranges between 5.5 and 6.5, which influences drug
ionization and absorption. Drugs absorbed from the nasal cavity will bypass
gastrointestinal and hepatic presystemic elimination. No fat deposits to delay systemic
absorption or alter drug half life exist. There is theoretically a rapid access to the
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subarachnoid space by way of perineural spaces around the olfactory sensory nerve(Dale
et al., 2002a; Wu et al., 2008). Nasal administration of drugs may be challenging, as the
maximum volume before run off to pharynx is 150pul. This indicates that the opioids
administered nasally need to be highly concentrated(Dale et al., 2002a). Local toxicity
might be a problem, and penetration enhancers might be expected to cause local
irritation(Hjortkjaer et al., 1999).

1.5.3.2 PK of intranasal fentanyl

The first PK studies of intranasal fentanyl (InF), were randomized, crossover trials in
young non-cancer patients(Lim et al., 2003; Striebel 1993) (table 3). The Striebel et al.
study compared in fentanyl with iv fentanyl in a double-blinded fashion(Striebel 1993).
The patients were young (mean 31.5 years), healthy volunteers. A dose of approximately
50pg of fentanyl was given (12 sprays a 0.09 ml, pH 4-5). Ten venous plasma samples
were drawn from 5-120 min after administration. Striebel et al. reported a mean Ty, of
14 min (range5-40 min) and high bioavailability of 71%, but with considerable
interindividual variation. The major problem with this study was that 90 ul doses given
12 times using both nostrils was needed to deliver the dose of 50 pg. Lim et al., used a
more convenient volume of 0.18 ml with 50ug of fentanyl citrate comparing two in
formulations with different pH with iv administration (non-blinded)(Lim et al., 2003). 19
postoperative females from 27 to 63 years participated. Six venous serum samples were
taken during the first 15 min after administration. Tyax Was found between 4 and 10 min
(formulation with a pH of 6) and between 4 and 11 min (pH 8). The bioavailability was
55% with the pH 6 formulation, which was not statistical significantly different from
71% with the pH 8 formulation.

Besides fentanyl, other opioids such as nasal morphine(Fitzgibbon et al., 2003; Pavis et
al., 2002), sufentanil(Good et al., 2009; Jackson et al., 2002), alfentanil(Duncan 2002)
and the derivative ketamine(Carr et al., 2004) have been studied in cancer patients with
BTP.

The more recent PK studies on nasal fentanyl used a more appropriate volume of 100pl
and a buffer to reach the desirable pH for intranasal administration (pH6-8) have been
used(Christrup et al., 2008; Fisher et al., 2010a; b; Foster et al., 2008; Veldhorst-Janssen
et al., 2010). Christrup et al. performed a randomized, double-blind, double-dummy
crossover study, where 24 opioid-naive third molar extraction patients received a dose of
75, 100, 150 or 200 ng of fentanyl citrate in or iv(Christrup et al., 2008). The Tyax Was
double (approximately 12 min) compared to iv. The same study reported by Foster et al.
found a bioavailability of 89% after InF(Foster et al., 2008). Fisher et al. compared three
different InF formulations of fentanyl citrate (pectin, chitosan and chitosan-poloxamer
188) to OTFC in 18 healthy volunteers in a randomized, open cross-over study(Fisher et
al., 2010a). They were dosed with three nasal sprays (100 pg in 100 ul) and OTFC 200
pg under naltrexone blockade to avoid centrally mediated opioid effects. Venous blood
samples were collected before and 15 times up to 1440 min. The mean dose-normalized
AUCs.,, and the bioavailability were significantly higher for the InF compared to OTFC.
Fisher et al. also conducted a single-dose study comparing 100, 200, 400 and 800 pg of
InF to OTFC in 16 healthy volunteers(Fisher et al., 2010b). Venous blood samples were
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collected up to 48 hours post-dosing. The study demonstrated that the InF plasma profile
had a shorter Ty, and higher Cyx than OTFC. Two subjects withdrew because of adverse
effects. The most commonly reported adverse effects were mild or moderate nasal
discomfort or headache. However, only subjects who were more tolerant to fentanyl
progressed to higher doses. Veldhorst-Janssen et al. compared InF to placebo in healthy
women(Veldhorst-Janssen et al., 2010). A single dose of 0.05 mg/0.1 mL or 0.1mL
placebo was administered 10 min before removal of drains post operative. Eight of 17
patients receiving fentanyl reported > one adverse event, while 9 of 16 reported this in the
placebo group. The PK studies on InF are presented in more detail in table 3. All studies
displayed in the table reported that InF had a short Tmax and that it was well tolerated.

None of the above PK studies have studied cancer patients with BTP, and they have all
studied venous concentrations. More than 40 compounds have been reported to exhibit
significant or marked blood sampling site dependence in concentration after dosing in
humans and animals(Chiou 1989a). Due to rapid absorption intranasal administration
share PK characteristics with iv drug administration, and significant arterio-venous
differences in serum concentrations are reported after iv administration of other
opioids(Hermann et al., 1999; Rentsch et al., 2001). Also arterio-venous differences in
serum concentrations after intranasal administration (nicotine) are reported(Guthrie et al.,
1999). To be able to use PK parameters as predictors of the clinical effect, arterial
samples may be more appropriate than venous samples. The PK characteristics that might
predict time to and level of relief, the most appropriate parameters are Tmax, Cmax,
exposure (AUC), and bioavailability.
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Research questions

This thesis addresses two emerging principles of cancer pain management:
e How to switch from one opioid to methadone when patients on high doses of
opioids experience an imbalance between pain and side effects
e Exploring the pharmacokinetic (PK) profile of nasal fentanyl spray as a novel
principle of treatment of cancer breakthrough pain

More specifically, the thesis answers the following research questions:

In a randomized, open, multicenter, parallel group study, the principle of an opioid
switch from morphine or oxycodone to methadone was addressed with the following main
research questions:

1) Is the stop and go (SAG) switching strategy more effective than, and as safe as
the standard 3-days switch (3DS)?

2) What is the pharmacological profile of the respective opioids, and how can it
guide clinical interpretations and clinical practice of a methadone switch?

In a randomized, open, multicenter, cross-over trial and an open pharmacokinetic trial,
the pharmacological and clinical features of nasal fentanyl were addressed as follows:

3) How fast is the maximum concentration of fentanyl achieved after nasal
administration?

4) Does opioid naive and opioid exposed subjects tolerate nasal fentanyl?

5) Is there a significant difference between the early venous and arterial
pharmacokinetics of nasal fentanyl?
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Material and methods

1.6 Patient cohort

This thesis is based on studies performed in three patient cohorts. Two studies included
cancer patients on opioids for cancer pain (Study A: paper I, II and study B: paper III),
while one study included opioid naive patients scheduled for transurethral resection of the
prostate or urinary bladder (Study C: paper IV). All studies included patients > 18 years
with no history of substance abuse. An overview of characteristics is given in table 3. The
reason for choosing these cohorts was to include patients that were representative for the
target population of an opioid switch or BTP treatment.

The 42 cancer patients included in study A(paper I and II) were both in-and out patients,
and were recruited in representative centers for these patients in Norway; the departments
of palliative care, oncology or surgery at four hospitals in Norway between June 2004
and March 2008. Ninety per cent were included from palliative care units, and only one
patient was an out-patient. The patients in need of an opioid switch were identified by the
investigator/physician or staff on the different units. Forty five patients were enrolled,
whereof three did not meet the inclusion criteria. Inclusion criteria were cancer patients
treated with morphine or oxycodone for more than a week, no cognitive failure (if not
opioid related), and experiencing cancer related pain (considered to be untreatable with
further opioid titration by the physicians) and/or opioid side effects. Data on one patient
in the 3DS group were not retrieved, as the study center could no longer participate.
Three patients had prolonger QT time (2 SAG and 1 3DS), and were excluded before the
intervention. One inclusion was a protocol violation (SAG), and one patient withdrew the
consent (SAG). Thirty-five patients received methadone (SAG 16 and 3DS 19), and were
included in the pain, adverse effects and final dose ratio analysis if still included on the
days of measurement. In the PK analyses, the patients still included at the day of
measurement were included, except for the samples from one patient (3DS) who was
excluded from all analyses of morphine and M6G as there was a technical error in the
analysis of morphine. Six patients dropped out in the SAG group after the intervention,
and one in the 3DS group. Samples from the patients completing the study (n=28, SAG
10 and 3DS 18) were included in the interindividual variation of steady state
concentrations of methadone, morphine and oxycodone. More details on the dropouts are
outlined in the respective papers (I and II).

In study B (paper III), 19 cancer patients with BTP while taking stable opioid treatment
(other than fentanyl, methadone or buprenorphine) for their background pain were
recruited in three centers (oncology and palliative care units) in France, Austria and
Norway. They had a minimum life expectancy of three months, an ability to receive nasal
drugs. The patients had no condition that could compromise intranasal absorption of
fentanyl. Exclusion criteria were impaired respiratory function, severe hepatic or renal
impairment, psychiatric abnormalities, and conditions with known risk to increase
intracranial pressure, pregnancy, or women who were lactating. Concomitant
chemotherapy, palliative radiotherapy (excluding facial radiotherapy), were allowed. Two
patients had quantifiable concentrations of fentanyl pre-dosing) and were excluded from
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the assessment of dose-proportionality. One patient was excluded from the 200 pg
summary of mean dose-corrected AUCs and Cpx versus PK analysis set, because of
insufficient concentration data preventing reliable estimation of PK parameters. All 19
patients were included in the safety and pharmacokinetics analysis sets, and none
discontinued participation in the trial.

Twelve opioid naive males were recruited by an investigator from the Department of
Urology at St- Olav’s Hospital, Trondheim, Norway in study C (paper IV). The patients
were scheduled for transurethral resection of the prostate gland or bladder, were in ASA
group 1-3 (American Society of Anesthesiologists’ physical status classification 1-5), had
no nasal disease, or nasal cold within last two weeks or anemia (hemoglobin < 11 g/dl).
All patients completed the study and were included in the analyses.

Table 4. Overview of patient cohorts in this thesis

Study Patients N Sex Age (y) Paper
(% men) Mean(range)
A Cancer patients with pain/AEs® 42 52 59.5 (38-76) [+1I
B Cancer patients with BTP 19 63 57.8 (39-68) 111
© Opioid naive males® 12 100 69.1 (47-84) v

* AEs= adverse effects
®Scheduled for prostate/bladder surgery

1.7 Study design

Study A was a randomized, open-label, parallel group, prospective, multicenter, clinical
trial (paper I and II). The patients were randomized to one of two switching strategies
(SAG and 3DS), and then followed during the next 14 days. Racemic methadone was
administered every 8h as capsules or mixture (produced by St. Olav’s Hospital
Pharmacy). Adjuvant non-opioids and anti-cancer treatment were maintained. The
methadone dose was calculated from the oral morphine equivalent dose (last 24 h,
including mean rescue dose given last 48h) using a dose-dependent conversion
ratio(Ayonrinde and Bridge 2000; Ripamonti et al., 1998a) displayed in table 5. (For
conversion: parenteral morphine: oral morphine =1:3, and oral oxycodone: oral morphine
=1:2).

Table 5. Dose dependent switching table

Baseline equivalent Protocol ratio
morphine dose (mg) Mo:Meth
30-90 4:1

91-300 6:1

301-600 8:1

601-1000 10:1

> 1000 12:1
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Patients demographics were recorded by the physician/investigator at baseline, and opioid
dose changes and rescue were recorded daily. Patients performance status was rated with
the Karnofsky Performance status (KPS)(Yates et al., 1980) (paper I and II). Pain
intensity was recorded by the patients using the Brief Pain Inventory (BPI)(Cleeland and
Ryan 1994) short version before 12 am at baseline, day 3 and 14. The items analyzed
were average PI (paper I) and PI now (paper I and II). Level of drowsiness, nausea, loss
of appetite, and dry mouth were reported (paper I) daily by the patients before 12 am
using the Norwegian version of the Edmonton Symptom Assessment Scale
(ESAS)(Bruera et al., 1991b); Trondheim Palliative Assessment Scale (TPAT). The Mini
Mental State Examination (MMSE)(Folstein et al., 1975) was used to observe cognitive
function in the methadone switch study (paper I) at baseline and day 3. Three ECTs were
obtained to supervise QT.-prolongation (baseline, between day 4-7 (same dose >2 days)
and day 14. Collection of blood samples are further described below.

Study B was a randomized, open-label, two periods, multicenter, PK crossover trial
(paper III). The patients were randomized to two of three doses of InF (50, 100 or 200
ng) delivered as single doses. One dose was administered at each of the two treatment
days. The treatment visits were separated by at least 48 h, and participation in the trial
was limited to a maximum of 14 days. Pharmacokinetic blood samples were drawn, and
blood pressure, peripheral oxygen, respiratory rate, and continuous heart rate were
monitored for 5 hours after each dose. The patients received their opioid treatment for
background pain as usual. InF was not scheduled to coincide with the occurrence of BTP
episodes, and the patients were allowed to take rescue analgesics (besides fentanyl,
methadone or buprenorphine) during the trial. Clinically significant changes in
monitoring procedures and vital signs (recorded at baseline, 10, 15, 30, 60, 120, 180 and
300 min post dosing), in the opinion of the investigator, were classified as adverse
effects. Patients were able to report adverse effects up to 48 h post-dosing during a
follow-up phone call from the investigator.

The patients in the last study in this thesis (C) received a dose of 50 ug of nasal fentanyl
about 90 min before scheduled surgery. This was an open PK trial (paper IV).

Blood was drawn simultaneously from an artery and a vein from cannulas in the upper
limb from baseline and then 12 times during the first 60 min post-dose (9, 15, 20, 30 and
60 min after drug administration). Vital signs were recorded at baseline, 6, 13, 30, and 55
min post dosing. Nasal discomfort was reported by the patients at baseline and 10, 40,
and 60 min after drug administration.

1.7.1 Randomization

In study A (paper I+1I), the databased randomization (central telephone) was stratified by
hospital (block size of two) and allocation was concealed until intervention was assigned.
The patients were randomized to the SAG or the 3DS switching strategy. In study B
(paper I1II), the patients were randomly assigned to one of six dose sequences, and did
receive two of the three nasal fentanyl (NAF) dose levels over the course of two
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treatment periods. A randomization list was generated where each dose sequence
included two doses of NAF administered at either the low dose or high dose first.
Patients were randomized according to the next dose sequence allocation on the
randomization list, however, replacement patients were allocated a new randomization
number from the bottom of the randomization list, using the highest available
randomization number with the same dose sequence allocation as the patient who
dropped out of the trial.

1.8 Assessment tools

In this thesis the patients reported pain and adverse affects, while demographics,
cognitive function, vital signs and performance status were assessed by the investigators.
The assessment tools for measuring pain intensity (Brief Pain Inventory), adverse effects
(Norwegian version of Edmonton Symptom Assessment Scale), cognitive function (Mini
Mental Status Examination) and performance status(Karnofsky Performance Status) are
enclosed in the appendix and are described in further detail in the following pages.

1.8.1 Brief Pain Inventory short form (BPI)

The BPI short form (referred here as BPI) has mainly replaced the full version in use. The
BPI is a self-report pain assessment tool with 15 items and is designed to measure the
subjective intensity of pain and the impairment caused by pain the last 24 hours(Cleeland
and Ryan 1994). It is sensitive to changes in pain(Lydick et al., 1995) and is
recommended as a pain measurement tool by the Expert Working Group of the
EAPC(Caraceni et al., 2002). The scales are all numerical rating scales (NRS) from zero
(no pain/impairment) to ten (worst imaginable pain or impairment). The Norwegian
translation has shown satisfactory psychometric properties in patients with cancer pain
(Klepstad et al., 2002).

1.8.2 The Edmonton Symptom Assessment Scale (ESAS)

The ESAS is a nine-item patient-rated symptom visual analogue scale (VAS) developed
for use in assessing the symptoms of patients receiving palliative care. Patients rate the
severity of the following nine symptoms: pain, activity, nausea, depression, anxiety,
drowsiness, lack of appetite, well-being, and shortness of breath on a 10-cm line (Bruera
et al., 1991b). The ESAS is validated in palliative cancer patients (Chang et al., 2000) and
in several clinical and cultural settings(Carvajal et al., 2011; Chang et al., 2000; Moro et
al., 2006; Nekolaichuk et al., 2008; Philip et al., 1998). The most frequently used
Norwegian version of the ESAS was used in this thesis. It differs from the original by
including dry mouth and a second question of pain at rest and at movement. The patients
are asked to report 10 items on a NRS from 0-10 (none-worst possible) of how they are
today regarding; pain at rest, pain when movement, drowsiness, shortness of breath,
nausea, dry mouth (xerostomia), anxiety/uneasiness, loss of appetite, depression/sadness
and well-being (overall, how are you feeling today?).
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1.8.3 Karnofsky Performance Status (KPS)

Performance status was rated with the KPS in paper I and II, which is an observer rated
scale designed to measure the level of patient activity and medical care requirements. It
contains 11 categories ranging from 0 % (death) to 100 % (normal performance). The
KPS has shown good validity as a global indicator of the functional status of patients with
cancer (Yates et al., 1980). The scale classifies the functional impairment of patients, and
is also associated with prognosis in individual patients, with lower scores associated with
worse survival(Evans and McCarthy 1985). Cancer patients with lower Karnofsky
Performance Status (< 80) have more symptoms than patients with higher performance
status(Portenoy et al., 1994).

1.8.4 Mini Mental State Examination (MMSE)

The MMSE assess cognitive function and is a standardized cognitive screening
examination which is valid, reliable and able to document changes in cognitive function
(Folstein et al., 1975). The scores range from 0 to 30, with higher scores indicating better
cognitive function. A score of <23 is most widely used as a cut-off value considered to
indicate cognitive failure(Mitchell 2009; Pereira et al., 1997). The feasibility of MMSE
has been demonstrated in patients with terminal cancer (Pereira et al., 1997).

1.8.5 Vital signs

Blood pressure (mmHg), respiratory rate (RR/min) and peripheral oxygen saturation
(pO2%) levels were monitored using standard procedures in the nasal fentanyl studies
(paper III and 1V).

1.8.6 Rating of nasal symptoms

The patients scored their nose discomfort and level of sedation on two equal four-point
verbal rating scales (VRS) (0=no, 1= mild, 2= moderate and 3= severe) in study C (paper
V).

1.9 Opioid concentrations — analysis and quantification

All serum and plasma in this thesis were analyzed with a high-performance liquid
chromatography-mass spectrometry (LC/MS) or a multiple stage or tandem LC-MS/MS.
These are sensitive and selective analytical techniques that combines the physical
separation capabilities of liquid chromatography (LC) with the mass separation of the
analytes and detection of their mass-to-charge (m/z) values in the mass spectrometry
(MS). LC-(MS/MS) mass analyzers are used in series to improve quantitative results
(selectivity) and structural information. Handling of the samples, limits and further details
of quantification of serum opioids are further outlined in the respective papers (1L, III and
V).
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1.9.1 Pharmacokinetic (PK) analysis

In paper II trough serum samples were collected in the morning at trough before the
switch to methadone on day 1 and day 2, 3, 4, 7 and 14 before the methadone dose was
given. AUCsgay1.4 were estimated with the trapezoidal method(Rowland and Tozer 2010).
Since the preswitch morphine doses apparently were unequal in the two groups, the
AUCs were dose-corrected (adjusted as if every patient received the same dose of the
drug during day 0- day 3; methadone 100 mg, morphine 1000 mg, and oxycodone 500
mg). The doses were chosen according to the mean dose of the opioid at baseline.
However, the factor chosen is not important, as it only is used to make a ratio, and that
this was done identically in the two groups. AUC was adjusted as follows: AUC, =
measured AUC x (100 mg/ total administered methadone dose (mg) from day 0 to 3) for
total methadone. The same equation was used for the AUC of morphine and M6G with
the doses adjusted to 1000 mg, and 500 mg for the oxycodone doses.

In paper III venous blood samples were drawn at baseline and 2, 4, 6, 9, 12, 15, 20, 25,
40, 60, 90, 120, 180, and 300 minutes after fentanyl administration. Simultaneous arterial
and venous blood samples for analysis of fentanyl were drawn at baseline and at 1, 3, 5,
7,9, 13, 15, 20, 25, 35, 45 and 60 minutes after drug administration in paper IV. In paper
IIT and IV fentanyl Cppax and Tiay, (both papers), AUCy.sp and AUCy.i+ (IIT), AUCo.60min
(IV)) and t;, (IIT) were calculated with non-compartmental methods using the WinNonlin
(version 5.0.1 software, Pharsight Corporation Mountain View, CA, USA). The patients
included in the PK analyses in paper III had assessable (including 120-minute time point
or peak concentration and estimation of elimination rate) PK profile for at least one dose.
e =time of last measurable concentration above the lower limit of quantification

Dose proportionality was assessed by examining log-transformed, dose normalized Cinax
and AUC,.s, using a linear mixed-effects analysis of variance (ANOVA) model and the
power model analysis approach.

1.10 Statistics

All data is reported as means, medians, ranges or 95% Cls, mean difference between
groups (with Cls), frequencies (n (%)) or fractions as appropriate in the papers in this
thesis. The criterion of .05 was used to define statistically significance (all papers) and a
difference of > 2 on the 11 point NRS was defined as clinically significant (paper
I)(Farrar et al., 2001). In general, most demographic- and disease-related data of the
cancer patients were not normally distributed; hence nonparametric methods were used
when analyzing these variables in this thesis. The statistical analyses in all papers were
performed using the Statistical Package for Social Science (SPSS) statistical software
version 11.0, 17.0 and 18.0 (SPSS Inc., Chicago, I, USA). The statistical methods used
in each of the different studies included in this thesis are described in further detail in the
respective papers.
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1.11 Ethics and approvals

All studies were carried out in accordance with the principles of the Helsinki declaration
and were approved by The Regional Committee for Medical Research Ethics, Health
Region Central Norway. Study B was in addition conducted in accordance with the
European Parliament and of the Council of April 4, 2001 and all regulatory requirements.
Study A and C was also approved by The Norwegian Social Science and Data Services
and the Norwegian Medicines Agency. Patients in all studies were included after written
informed consent was obtained. The methadone switch study was registered in
Clinical.Trials.gov with id: NCT0014496.

1.12 Financial support

Kristin Moksnes Husby received grants from the Research Council of Norway and the
Norwegian Cancer Society. Nasal fentanyl was supplied for free by Nycomed Pharma in
study C (paper 1V), as the firm at this point had decided not to pursue further studies on
this preparation. However, with new owners the focus changed, and Nycomed Pharma
(Denmark) sponsored study B (paper III) - no personal grant was received.
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Results and summary of papers
1.13 Paper |

How to switch from morphine or oxycodone to methadone in cancer patients? A
randomized phase 11 trial

The aim of this prospective, open, parallel-group, multicenter, phase II RCT trial was to
compare two switching strategies when switching cancer patients with pain/adverse
effects from morphine/oxycodone to methadone. The hypotheses being: patients allocated
to the stop and go (SAG) strategy, in which the current opioid is terminated and an
equianalgesic dose of methadone is started, have lower pain intensity day 3 compared to
patients switching stepwise over three days (3DS), and SAG is as safe as the 3DS.

Cancer patients from four Norwegian hospitals (both in- and outpatients) where an opioid
switch was indicated were randomized. The methadone dose was calculated using a dose-
dependent conversion ratio (table 5). Pain intensity was recorded at baseline, on day 3
and 14. Adverse effects, serious adverse events and opioid doses were recorded daily for
14 days. Primary outcome was average pain intensity day 3. Secondary outcomes were
pain intensity now and adverse effects day 3 and 14 and number of serious adverse
events.

Forty-two patients (19 females and 22 males, mean age 60 years (range 38-76 years) were
randomized, and 16 (SAG) and 19 (3DS) patients received methadone. The mean
preswitch morphine doses were SAG 900 mg/day and 1330 mg/day, respectively. No
differences between groups were found in mean average pain intensity day 3 (mean
difference 0.5 (CI -1.2-2.2); SAG 4.1 (CI 2.3-5.9) and 3DS 3.6 (CI 2.9-4.3) or in pain
intensity now. The SAG group had more dropouts (11 patients, 38%) compared to the
3DS group (3 patients, 5%) and three serious adverse events (two deaths (myocardial
infarction and pulmonary embolism) and one severe respiratory arrest). No serious
adverse events were observed in the 3DS group. One patient was withdrawn because of
prolonged QTc time (> 480 msec) (3DS) after receiving methadone, but none exceeded
the limit of 500 msec.

The SAG patients reported a trend of more pain, had more dropouts and three serious
adverse events compared to the 3DS group, which indicate that the SAG strategy is not
safe, and that it should not replace the 3DS when switching from high doses of morphine
or oxycodone to methadone. These findings underline the importance of conducting
randomized trials, even in a very sick cohort of cancer patients. Even more it gives
important information to the clinicians of the importance of being careful when
subscribing new opioids in frail patients receiving high opioid doses.

1.14 Paper Il

Serum concentrations of opioids when comparing two switching strategies to
methadone for cancer pain
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The aim of this part of the methadone switch study was to compare pharmacokinetic
aspects of two switching strategies from morphine or oxycodone to methadone; the stop
and go (SAG) and the 3-days switch (3DS).

Trough serum concentrations of total methadone, the enantiomer R-methadone, morphine
and its metabolite morphine 6-glucurodnide (M6G) and oxycodone were measured the
day of the switch (day 1), day 2, 3, 4, 7, and 14. Primary outcome was the number of
patients with methadone concentrations in apparent steady state on day 4 (defined as
concentration > 90% of the methadone concentration on day 7, when steady state could
be assumed). Secondary outcomes were exposure to opioids (expressed as dose corrected
area under the curves (AUC,;) the first three days, interindividual variability of the serum
concentrations of the respective opioids, and correlation between total methadone
concentrations and pain intensity on day 3.

Thirty-five patients received methadone (16 in the SAG group and 19 in the 3DS group)
and were included in the concentration analysis. The median preswitch morphine
equivalent doses were 620 mg/day (range 350-2000 mg/day, SAG) and 800 mg/day
(range 90-3600 mg/day, 3DS) (p=0.43). In the SAG group 42% (5/12) of the patients
reached apparent steady state of total methadone concentrations day 4 compared to 22%
(4/18) in 3DS group (p=0.42). The SAG group was significantly less exposed to
morphine, M6G and oxycodone and significantly more exposed to total methadone the
first three days after the switch. Serum opioid concentrations of the respective opioids or
metabolites were not significantly higher in the dropouts in the SAG group (n=6)
compared to the median of the group. However, two of the patients with SAEs had much
higher dose corrected concentrations of total methadone than the median of the SAG
group. One of these suffered from severe respiratory depression on day 5. The
interindividual variation of dose-corrected concentrations at steady state of methadone,
morphine and oxycodone for the patients that completed the study (19 switched from
morphine and 9 from oxycodone) were not significantly different from another (cross
over in the same subjects). Low correlation was found between total methadone
concentrations and pain intensity day 3 and 14. Total methadone concentrations were
highly correlated to the R-methadone concentrations.

The SAG group was initially more exposed to methadone, and less to the replaced
opioids. The serum concentrations of methadone were not correlated to pain intensity,
and SAEs cannot be predicted from serum concentrations of methadone. Interindividual
variability of methadone at steady state is similar to that of morphine and oxycodone.
Moreover, there may be a significant interindividual variability in conversion doses for
methadone, consequently patients switched to methadone should be followed closely the
first five days regardless of switching strategy.

1.15 Paper 111

Pharmacokinetics of intranasal fentanyl spray in patients with cancer and
breakthrough pain

The aim of this randomized, open-label, two-period, cross-over, multicenter trial was to
investigate the pharmacokinetics, tolerability and safety of intranasal fentanyl spray (InF)
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in patients with cancer and breakthrough pain (BTP). This study was a part of the
development of nasal fentanyl by Nycomed Pharma.

Adult patients with cancer who received opioid treatment for chronic background pain
and experienced BTP were randomly assigned to receive one of six InF dose sequences
(2 of 3 doses): 50 and100 pg; 100 and 50 pg, 50 and 200 pg, 200 and 50 pg, 100 and 200
pg, or 200 and 100 pg. The InF dose-range was expected to meet the clinical needs of
most patients with BTP. InF was administered independently of BTP episodes as a single
dose in one nostril and each dose was separated by at least 48 hours. Venous blood
samples for fentanyl analysis were collected at baseline and 2, 4, 6, 9, 12, 15, 20, 25, 40,
60, 90, 120, 180 and 300 minutes after InF administration. Blood pressure, peripheral
oxygen saturation, and respiratory rate were assessed eight times during each of the two
treatment periods (5 hours each).

Among the 19 patients (7 males and 12 females, mean age 57.8 (range 39-68) years)
randomized and recruited in Austria, France, and Norway, mean venous fentanyl plasma
concentrations increased in a dose-dependent manner, peaking for all InF dose strengths
9—15 min after InF administration. Median T.x values were 15, 12, and 15 min for the
50, 100, and 200 pg dose strengths of InF, respectively. Mean values for Cpax were 0.351
(£0.226), 0.595 (£0.400) and 1.195 (£0.700) ng/ml for the three doses respectively. Over
the entire 50-200 pg range Cpax appeared to increase slightly less than proportionally to
InF dose. Six patients (31.6%) experienced adverse events during a treatment period. The
majority of these adverse events were mild in severity and none were considered to be
severe. No patients discontinued participation in the trial.

For true dose-proportionality doubling the InF dose should produce a doubling of the
retrospective PK parameters. If exposure is dose proportional, it means that clearance is
constant over that same dose interval. This is why it is important to test for dose
proportionality. In study B (paper III), the detected fentanyl concentrations (reason
unknown) prior to InF administration in two patients, reduced the degree of
proportionality within the dose range studied. Excluding these two from the analyses,
demonstrated that the AUC,.s, appeared dose proportional for 50 and 100 pg InF dosages,
and Cpax appeared dose-proportional across the 50-200pg InF dosage range. Cpax dose-
proportionality cannot be confirmed as this study (B) was not powered to make
conclusive statements for Cy,ax values. Furthermore, the study was not designed for AUC
up to infinity. To conclude, strict dose-proportionality for these parameters was not
demonstrated.

This study demonstrates that InF has a fast systemic penetration and has a good
tolerability and safety profile in patients with cancer and BTP.

1.16 Paper IV

Early pharmacokinetics of nasal fentanyl: is there a significant arterio-venous
difference?
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The primary aim of this study was to investigate the arterio-venous differences in
pharmacokinetics of nasally administered fentanyl during the first hour after
administration. A secondary aim was to document the tolerability of 50 pg of nasal
fentanyl in opioid-naive middle-aged to elderly patients.

Twelve male patients (median age 70.5 (range 47-84) years) scheduled for transurethral
resection of the prostate gland received a single intranasal 100 pl dose of 50 pg fentanyl
citrate in one nostril. The study sample reflected the patient population that is candidates
for nasal fentanyl treatment of BTP. Simultaneous arterial and venous blood samples
were drawn at baseline and 1, 3, 5,7, 9, 13, 15, 20, 25, 35, 45 and 60 min after drug
administration. Respiratory rate, peripheral oxygen saturation, continuous heart rate,
invasive blood pressure, sedation and symptoms of nose/throat discomfort (VRS 0-3)
were recorded.

Arterial fentanyl concentrations increased more rapidly and to a higher concentration than
the venous concentrations. The arterial AUCy.¢9p of 21 (£5.7) min*ng/ml was
approximately 30% larger than the venous of 15 (+4.1) min*ng/ml, arterial Cpax (0.83
(£0.26) ng/ml) nearly twice as high the venous (0.47 (£0.15) ng/ml), and the arterial Tyax
(7.0 (£1.3) min) about five minutes shorter than the venous (11.6 (£3.3) min) (all p-
values <0.005). Correlations between arterial and venous Tpax and Cyax Were poor. No
significant adverse events were observed and no discomfort reported.

With reference to BTP, the most important period is the first hour after administration of
the opioid. The pharmacokinetic parameters estimated from arterial samples differed
significantly from the venous ones indicating that venous parameters are poor predictors
of arterial values, and that arterial values may give a more precise estimate when
predicting time to effect in the early phase after intranasal fentanyl. Despite a trivial dose
of 50 pg of fentanyl in the conjunction of anesthesia, the finding that 50ug of nasal
fentanyl was well tolerated by opioid naive middle aged to elderly male patients is
important since nasal fentanyl will be self-administered by the patients and without strict
professional observation.
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Discussion

This thesis addresses two principles of cancer pain management; how to switch from one
opioid to another and exploring the pharmacokinetic (PK) profile of nasal fentanyl spray
as a novel principle of treatment of BTP. The work spans from clinical outcomes to basic
science on a pharmacokinetic level. The included papers indicate that cancer patients on
high opioid doses should not be switched to methadone by the SAG strategy, as this was
not safe in these patients. Intranasal fentanyl is rapidly absorbed through the nasal
mucosa, and it is well tolerated both in opioid tolerant and opioid naive patients. These
results support that intranasal fentanyl have pharmacokinetics that are favorable for the
treatment of patients with cancer suffering from BTP. In addition, significant differences
between venous and arterial concentrations of fentanyl were found, indicating that arterial
samples are more precise than venous samples when predicting time to onset of action in
fast acting drugs such as fentanyl. Increased understanding of opioid pain treatment may
enable clinicians to individualize pain management and avoid unnecessary suffering.

1.17 Methodological considerations
1.17.1 Study population

The multidimensionality of the cancer pain experience is characterized by fluctuations in
pain intensity and variable responses to treatment, along with the challenge of disease
progression and existential suffering. In a survey of 1000 palliative care patients the
median number of symptoms per patient was 11 (range 1-27)(Walsh et al., 2000). This
means that extrapolation of data from animal research, healthy volunteers or studies in
patients with non-cancer pain may have limited relevance for clinical cancer
pain(Kongsgaard and Werner 2009). Furthermore, studies including cancer pain patients
often include patients early in the disease trajectory or in a more stable condition than
those who could potentially benefit from the new treatment regimens. These factors limits
the generalizability to the palliative care population(Kaasa and De Conno 2001). Cancer
care and palliative care centers differ across Europe, regarding both demographics and
disease related characteristics of admitted patients and regarding how symptoms (e.g.
pain) are treated(Kaasa et al., 2007; Klepstad et al., 2005b), and these differences may
obviously influence the reported prevalence and intensity rates. This thesis aimed at
including patients that were representative for the target group and rather wide inclusion
criteria were applied; cancer patients in need of an opioid switch (A), cancer patients who
are opioid tolerant with BTPs (B) and elderly opioid naive males scheduled for
prostate/bladder surgery (C).

The RCT on methadone switching (A) is the first controlled trial on opioid switching and
it is on the border of what is possible to conduct as it included frail cancer patients on
high opioid doses. The included patients had a mean age of 60 years (range 38-76 years),
98% were Caucasian, and 54% were men. No single cancer diagnosis dominated any of
the groups. Forty-one per cent had concomitant diseases, the mean Karnofsky
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performance status was 60 %, and 85 % had metastatic disease. Mean months since
cancer diagnosis was 34 (range 2-202months). More than 32 % received anti cancer
treatment, and all used concomitant medication. Approximately 20% had tried more than
one opioid prior to the switch. Mean baseline equianalgesic morphine doses were 900
mg/day (range 650-2000mg/day) in the SAG group, and 1330 mg/day (range 90-3840
mg/day) in the 3DS group, with 71% of the patients receiving methadone having
equianalgesic morphine doses > 600 mg/day. The groups were similar as to the key
demographic variables, except time on WHO step III opioids (SAG 9.1 months and 3DS
23.6 months).The strength of this cohort is that it reflects the population in need of an
opioid switch, in contrast to other studies on opioid switching where cancer patients with
low mean baseline morphine doses (125-160 mg/day) have been included, and patients
with anticancer treatment, poor liver/kidney function and brain metastases
excluded(Mercadante et al., 1999; Mercadante et al., 2001; Ripamonti et al., 1998b). This
is further outlined in the discussion under research question one. This underlines the
importance of classifying the cohorts in clinical cancer pain studies, and that an
agreement on a common classification system is needed to allow for comparability
between studies.

The patients in study B were also chosen to represent the candidates for nasal fentanyl
treatment for BTP. These patients had cancer pain treated with an opioid for background
pain, and 18 patients (95%) treated at least one episode of BTP at any time during the
trial. The mean age was 58 years (range 39-68 years) and seven (37%) were men.
Seventeen were Caucasian (89%), three patients (16%) had metastases and concomitant
cancer treatment was allowed. The patients in study C were all male, with a median age
of 70 years (range 47-84 years). They all had chronic diseases which required
concomitant medication. Ideally, females should have been included also in study C. The
sample size, however, would still not have allowed the investigation of gender
differences. These cohorts are in contrast to most other pharmacokinetic studies where
young healthy volunteers are studied(Christrup et al., 2008; Dale et al., 2002b; Fisher et
al., 2010b; Striebel 1993), with no concomitant diseases or medications.

1.17.2 Study design

There are few RCTs in palliative care, although urgently needed since there are a large
number of patients who are treated for symptoms and other challenges during the last
year of their lives. The difficulties in conducting RCTs in palliative care include pain
fluctuations, polypharmacy, organ dysfunction, impaired cognitive function, limited
accrual rates, patient compliance and the duration of trial versus limited life
expectancy(Kongsgaard and Werner 2009). Conducting these trials can be like shooting
at a moving target(Paice et al., 2010). In addition to the complexity of the disease with
many symptoms, health care providers or relatives may act as gatekeepers(Bond Sutton et
al., 2003). Studies on this patient group are therefore commonly retrospective or
descriptive. This does not imply that patients generally are reluctant to participate in
RCTs. White and coworkers have shown that patients with advanced cancer are interested
in participating in RCTs that focus on symptom control(White et al., 2008). Furthermore,
two studies on attitudes toward research reported that both palliative care patients and
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staff were in favor of research participation, both for altruistic reasons and to improve
their own care and treatment(Pautex et al., 2005; Ross and Cornbleet 2003). Still, good-
quality controlled trials are especially difficult to conduct in patients who are in the
terminal phase of cancer(Kongsgaard and Werner 2009) and studies will be adversely
affected by high dropout-rates. The achievable accrual rate of patients is often less than
half of what is estimated(Dugas et al., 2009). In 2006, Bell et al conducted a systematic
review of pain trials (morphine, oxycodone, hydromorphone) in adult cancer patients
from 1966-2005 and found 34 double-blinded RCTs(Bell et al., 2006). Twenty-nine of
these reported a dropout-rate over 10%, with 12 studies exceeding 30%. Six trials had a
withdrawal rate of 40% or more. Most studies had small group sizes (around 20 patients),
and a duration around two weeks. In a recent systematic review on opioid switching in
cancer patients(Dale et al., 2011), no RCTs were found, and the evidence level was
graded D (Grade’s approach(Atkins et al., 2004)).

Although switching the patients to one opioid and then back again (N=1 studies, a cross-
over design), may provide strong evidence, they may be challenging to perform in very
sick patients as they require longer study periods than parallel group studies. The parallel
design trial was chosen in study A to compare two switching strategies to methadone.
The parallel study design is less dependent on anticipation of disease progression; it is
simple, and is preferred when evaluating subjective outcomes such as pain. Blinding is
important in clinical research, as the expectations of patients and investigators can
influence findings, especially in palliative care where there is subjectivity in symptom
assessment. Blinding in RCTs is considered gold standard when comparison of two
different treatments or a comparison to placebo is performed, especially when subjective
outcomes are studied(Day and Altman 2000). However, the relevance of blinding will
vary according to the clinical trial context. In study A, blinding could have been
performed theoretically, but it would have made it far more complex and presumably
impossible to run. Possible bias may manifest in the decision to withdraw a patient from
the study. Two patients were withdrawn by the physician in the SAG group after
allocation, but before they had started the intervention. This might be a sign of
physicians’ fear and reluctance to switch a patient on very high opioid doses so abruptly,
although this is only speculations. Although the design of this study was strong, a slow
accrual of subjects and considerable number of dropouts reduced its statistical power.

In study B (paper III) a crossover design was applied (each patient received two doses of
intranasal fentanyl). A crossover design reduces the sample size and the within-subject
variation is restricted. A crossover design may be useful as it increases the power of the
study and uses the same patient as his/her own control. When studying cancer patients
with disease progression a crossover trial needs a short duration in order to reduce the
number of withdrawals. The therapeutic effect of intranasal fentanyl cease shortly after it
is discontinued (short “washout” period and little risk of carryover effect) making the
crossover design suitable. This study was not blinded as the outcomes were mostly
objective.

Multicenter studies were performed to be able to recruit enough patients within a shorter
period of time.
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The model used in study C was chosen for several reasons; first, ethics committees in
Norway have been reluctant to approve studies with controlled substances in healthy
volunteers. The use of arterial cannulas may have been questioned. Second, in our
opinion differences in arterio-venous concentrations have little relevance beyond the first
hour. This allowed us to conduct this study in patients without interfering with the busy
every day schedule in the operating rooms. A shortcoming was that it was not possible to
provide adequate conditions for a pharmacodynamic outcome such as pupillometry
commonly used in volunteers(Dale et al., 2002a).

1.17.3 Assessment of cancer pain and adverse effects

Ideally, pain and adverse effect assessment should be brief, precise, easy to implement in
the clinic/trial, and specifically targeted to the patient population. When deciding on
assessment tools several issues need to be taken into consideration; such as validity (does
the instrument measure what it intends to measure?), reliability (does the instrument
produce the same results when repeated in the same population?) and inter observer
reliability (does the instrument produce the same results when used by different
investigators)(Jensen 2003). Other methodological considerations for assessment tools
are the ability to detect clinically relevant differences (between patients and over time),
that it is appropriately translated, whether the tool has been formally validated in the
appropriate population, and if the responses to a tool are known for the general
population. Valid and reliable assessment of pain is essential for both effective pain
treatment, and in clinical trials(Jensen 2003; Kaasa et al., 2008).

How cancer pain is classified affects how it should be assessed(Breivik et al., 2008). A
consensus-based methodology that standardizes symptom classification and assessment,
is still not routinely applied in clinical trials or clinical practice(Caraceni et al., 2005;
Kaasa et al., 2011; Knudsen et al., 2009). Different approaches and different tools
flourish in the research literature(Hjermstad et al., 2009), and superiority of any tool has
not yet been demonstrated(Kaasa et al., 2008). As an example, a systematic review found
eight versions of the NRS with fifteen different descriptors used to anchor the
extremes(Hjermstad et al., 2011), which clearly proves the difficulty in comparing
studies. In a literature review (1999-2002) on cancer pain assessments in clinical trials,
Caraceni et al. found that 68% used VAS, NRS or VRS (unidimentional) and that 10%
used non validated measure methods (Caraceni et al., 2005). The inadequate assessment
of pain and lack of documentation are thought to be the greatest barriers to effective pain
relief(Herr et al., 2004). The Initiative on Methods, Measurements and Pain Assessment
in Clinical Trials IMMPACT) aims at introducing a standard outcome assessment and
reporting in pain clinical trials of chronic non-malignant pain. The IMMPACT group has
published recommendations concerning the choice of outcome measures and
instruments(Dworkin et al., 2008; Haythornthwaite 2010). The recommendations from an
expert working group of the EAPC on the measurement of pain in palliative care research
are an 11-point NRS, a 100 millimeters Visual analogous scale (VAS) or a Verbal rating
scale (VRS) as unidimentional assessment of pain while the short form of the Brief pain
inventory (BPI) or the Mac Gill Pain Questionnaire is recommended for the
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multidimensional assessment of pain (Caraceni et al., 2002). One of the aims of the
European Palliative Care Research Collaboration (EPCRC) is to develop an international
classification system for cancer pain and assessment. The proposed name for this system
is Cancer Pain Assessment and Classification System (CPACS)(Kaasa et al., 2011). As of
today, this is based on empirical data collection, literature reviews, expert consensus
surveys and input from patient focus groups and surveys. The domains that are suggested
as most relevant outcomes in clinical practice and research are: pain intensity, pain relief
and temporal pattern(Kaasa et al., 2011). Pain intensity at initial assessment is reported to
be a significant predictor of pain management complexity, and length of time to stable
pain control(Fainsinger et al., 2009).

Pain intensity and adverse effects were recorded by the patients in this thesis. Self -report
is the gold standard for assessment of both the presence and the severity of pain
(Portenoy and Lesage 1999). The instruments used in this thesis were chosen as they are
widely recognized, reliable and validated (except the TPAT), but also to comply with the
current practice for symptom assessment. Pain intensity (PI) was reported using an 11-
point NRS (study A). The scales were anchored as ‘no pain/impairment’ to ‘worst
imaginable pain/impairment’, which has shown satisfactory psychometric properties in
patients with cancer(Klepstad et al., 2002). Average PI during the last 24 h was measured
in paper I, which is now recommended as the standard for the classification system for
cancer pain(Kaasa et al., 2011). PI now was also measured in this thesis (paper I and II),
and used in correlations with trough serum concentrations. Whereas pain intensity ratings
ask patients to rate the intensity of felt pain, pain relief ratings ask patients to rate how
much relief from pain they have experienced. A critical review on the validity and
reliability of pain measures in cancer pain reported that relief ratings also have been
shown to be sensitive to the effects of treatment(Jensen 2003). The proposed
recommendations from the EPCRC if change in pain over time is to be monitored, is pain
intensity as the primary outcome, and that the difference between initial and subsequent
assessments should be evaluated(Kaasa et al., 2011).

The tool used for assessing adverse effects in study A (paper I) (ESAS), is validated in
palliative cancer patients(Chang et al., 2000), and in several clinical and cultural
settings(Carvajal et al., 2011; Chang et al., 2000; Moro et al., 2006; Nekolaichuk et al.,
2008; Philip et al., 1998). It was chosen because ESAS is a widely used, and well-known
self-reporting tool for assessment of symptoms in palliative care(Nekolaichuk et al.,
2008), and it may be used for day-to-day monitoring of treatment effect and change in
symptoms(Bruera et al., 1991b). The Norwegian version of ESAS (TPAT) is however,
not validated. A recent study in Norwegian cancer patients (using the same version as in
this thesis) found that errors and misunderstandings do occur when completing the
ESAS(Bergh et al., 2011), especially in the items of anxiety, depression and appetite.
Contextual factors, such as mood and time of day, influenced the answers. It may be that
some of the patients in this thesis interpreted a low score as equivalent to little appetite,
without realizing that their answer reflected the opposite. However, this could be the case
in both groups. A shortcoming of our study is that the Norwegian modifications to the
ESAS may limit the comparison to other studies. ESAS was recently revised (ESAS-r),
and this version is found to be significantly easier to understand(Watanabe et al., 2011).
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1.17.4 Power considerations

Study A was initially designed to detect a difference of two days to achieve pain relief <
4 (NRS 0-10) monitored by ESAS, and sample size calculations were made accordingly
(sample size = 40 patients). Because the Norwegian version of the ESAS had an
additional item of pain (pain while movement and pain at rest), average PI and PI now
from the BPI was later chosen and it was subsequently decided to make assessments only
at baseline, day 3 and 14, with the primary outcome being average PI day 3. We placed
emphasis on estimation of effects, with the uncertainty due to sample size being made
explicit by wide confidence intervals, rather than p-values which could be misleading
because of possible type II errors (paper I). The experience from this study and the lack
of randomized trials published on this topic reflect that conducting scientifically sound
trials in this population is challenging and that one need to sample according to a 50-75%
attrition rate. The inclusion rate in this study was slow, considering the high number of
patients in need of an opioid switch, and that three centers included patients. The main
reason for this was the difficulty of implementing the procedures into the clinical routine
on ward, and that the inclusion rate heavily depended on the investigators being present.

Formal sample size calculations were not performed in the explorative intranasal fentanyl
studies, as the required background data were not available. However, the sample size in
PK studies is usually between 10 and 20 individuals (table 3).

1.17.5 Sampling, drug analyses and pharmacokinetics

Total methadone, R-methadone, morphine, M6G, oxycodone and fentanyl were analyzed
in this thesis, as they are suggested to have analgesic effect. While there is a relationship
between the morphine dose and the plasma levels of morphine, M3G and M6G, the data
are conflicting regarding the association with clinical effect of these
metabolites(Hammoud et al., 2011; Penson et al., 2005; Quigley et al., 2003). However,
even though it is widely stated that M6G contributes substantially to the analgesic effect
of morphine in humans, the data are less consistent than in animals(Lotsch and
Geisslinger 2001; Penson et al., 2005). M3G displays very low affinity for opioid
receptors, has no analgesic activity and other clinical effects of this metabolite is not yet
elucidated(Andersen et al., 2003; Penson et al., 2000; Penson et al., 2005). M3G was
therefore not included in the analyses. S-methadone together with normorphine,
oxymorphone, EDDP, and EMDP were not included in the analyzes, as they have no
significant analgesic activity and other clinical effects are not yet elucidated(Andersen et
al., 2003; Auret et al., 2006; Fredheim et al., 2007; Mayyas et al., 2010; Zwisler et al.,
2010).

When performing pharmacological analyzes the struggle to standardize the sampling is
important. In the methadone switch study the blood samples were taken at trough before
the morning opioid dose before and up to 14 days after the switch. The trough time point
is the most standardized sample time, since only elimination is taking place and
consequently other individual differences affecting serum concentrations are minimized.
In addition, other opioids where chosen for rescue than the opioid used at baseline to get
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the “true” concentration of the estimated dose. Many factors may complicate the
concentration analysis, such as use of rescue and interindividual day-to-day variation.
Factors such as food intake, gastric retention, malabsorption, interacting drugs, vomiting
and variability of first-pass metabolism will influence the PK observations during oral
administration. In the PK studies, the patients had not eaten before the administration of
fentanyl. In study B, they received food after the sample taken at 180 min, when only one
sample at 300 min remained. However, when the drug was administered nasally, most of
these factors were less relevant. In the methadone study, the samples were taken in the
morning before the first morning dose, and most patients had not eaten before the
morning sample.

Regarding the PK analysis, emphasis was on the first hour in study B and C. To get
accurate Cpax and Ty, initial sampling had to be frequent. In study C, the aim was to
detect arterio-venous differences the first hour, and more frequent sampling was needed.
Although t/ is of limited interest, it gives en indication of the potential for accumulation
with frequent dosing. Sampling needs to exceed three times the expected t;, to be
adequate.

All serum and plasma analyses in this thesis were carried out using a liquid
chromatography- tandem mass spectrometry (LC-MS/MS) system. This is a commonly
used analytical technique when quantifying drugs in biological samples, and it is
reckoned to be the “state of the art” with the use of internal standards. The liquid
chromatography system separates compounds in a complex matrix, and the mass
spectrometry act as a very specific and sensitive detector by measuring the mass-to
charge ratio of charged particles. Thus, this system has the ability to separate and
quantify compounds with a high specificity and sensitivity.

Compartmental models are commonly used in pharmacokinetics to explain drug
disposition. Most drugs are not totally confined to the circulation and do diffuse into the
tissues, and consequently 2- or 3- compartments are needed to adequately describe their
disposition. However, the PK parameters wanted in this thesis were Cyax, Tmax and
AUC:s, and a non-compartmental method was chosen as it does not assume any specific
compartment model and produce accurate results without assumptions.

The computation of the area under the curve (AUC) is a frequently used method in
pharmacokinetic research to comprise information that is contained in repeated
measurements over time(Pruessner et al., 2003). The studies were not designed to obtain
AUC up to infinity. AUCs were dose corrected as if every patient received the same dose
of the drug in paper II, as to correct the difference in preswitch doses in the two groups.
This is a common way of correcting for the use of different doses in different individuals,
and is also used in the palliative literature(Andreassen et al., 2011).

In study A, one could assume that all patients were in steady state of methadone

concentrations on day 7. Steady state was defined as total methadone concentrations of
day 4 >90% of the concentration on day 7(Katz and Kelly 1993).
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The uncertainty in the relation between the observed serum concentration and the actual
concentration at effect site (CNS) is a shared limitation in all the included studies as in
most pharmacological studies.

1.17.6 Ethics

It has been argued that palliative care patients are too ill and too vulnerable to allow
meaningful scientific research (de Raeve 1994). Dying patients are especially vulnerable,
adequate informed consent may be difficult to obtain, balancing research and clinical
roles are difficult, and the risks and benefits of palliative research are difficult to
assess(Casarett and Karlawish 2000; Cohen and Mount 1992; Kaasa and De Conno
2001). Furthermore, health care providers or relatives may act as gatekeepers(Bond
Sutton et al., 2003).

The patients in study A and B in this thesis experienced pain (background or BTP) and/or
adverse effects. The suffering might create a sense of desperation; they were willing to
try anything they were offered. They might have felt compelled to participate in research
by gratitude, or dependence on a provider or institution (Cohen and Mount 1992). A
patient's ability to give consent may be temporarily affected, such as right after they have
received the diagnosis etc.(Tait and Hardy 2006). The patients included in this thesis had
had time to assimilate the implications of the diagnosis and the necessity for treatment.
However, a patient who is profoundly fatigued, who has uncontrolled symptoms (e.g.
pain or nausea) or is suffering from side-effects of medication (e.g. drowsiness from
opioids) may well not have the capacity to consent until he or she has been properly
palliated, the side-effects of treatment have been controlled, or both(Tait and Hardy
2006). The patients were carefully informed that they would receive the best treatment
also without enrolment. It would be unethical not to pursue evidence based medicine also
in this patient group.

Especially in pharmacokinetic studies, it might be hard to find the benefit for the
participating patients, and easier to see how the results might benefit future patients. The
patients in study B (paper I1I) were offered InF for BTP after the study was completed
following a compassionate use protocol. In study C (paper V) risks of an arterial cannula
was taken into consideration and patients that could benefit from the arterial cannula and
from the small dose of fentanyl as pre-medication were included (paper III).

Study B was initiated and organized by Nycomed Pharma. Funding by pharmaceutical
industry may represent a source of bias as their agenda not necessarily conform to that of
clinicians. Numerous studies show that when the pharmaceutical industry sponsors
clinical trials, the results are systematically biased in favor of the sponsor's product (Als-
Nielsen et al., 2003; Wynia and Boren 2009). Our study group received a grant for
participating in the study. However, no personal grants were received and we were free to
influence the analysis process and writing the paper. In addition, this was a PK study with
hard endpoints, which is less influenced by interpretation. Study C was initiated,
organized and published without influence from Nycomed Pharma, other than that they
made the fentanyl sprays available.
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1.18 Discussion and interpretation of research question
1-5
1.18.1 Research question 1

Is the SAG switching strategy more effective than, and as safe as the 3DS strategy?
Opioid switching has become an established practice for the management of cancer pain.
However, the newly revised cancer pain treatment guidelines from the EPCRC(Caraceni
etal.,, 2011, accepted Lancet Oncology), conclude that the data including no randomized
trials on opioid switching(Dale et al., 2011; Quigley 2004) permit a weak
recommendation of opioid switching. In this thesis two switching strategies are
compared in a RCT. The main finding was that the stop and go (SAG) approach when
switching to methadone from morphine or oxycodone was associated with a trend of
more pain, a higher number of dropouts and serious adverse events than with the 3-days
switch (3DS) strategy in cancer patients on high opioid doses. Since few patients (n=28
of 42) completed the study — the confidence intervals were wide and consequently no
firm conclusions could be made with regard to group differences or group similarity for
the primary outcome; average PI day 3.

In previous uncontrolled studies on the SAG strategy it has been reported that the SAG
approach rapidly improves pain relief(Ayonrinde and Bridge 2000; Leppert and Luczak
2005; Mercadante et al., 2003; Mercadante et al., 1999; Mercadante et al., 2001;
Mercadante et al., 2005; Mercadante et al., 2009a; Moryl et al., 2005; Parsons et al.,
2010). Mercadante et al. reported successful switches (PI <4 on NRS 0-10) in 80% of 52
patients within 3.65 days in one study(Mercadante et al., 2001) and after only 24 h in 46
% of 24 patients in another study(Mercadante et al., 1999). The inabilities of this study to
reproduce the findings from the above and previous studies(Mercadante et al., 2003;
Mercadante et al., 1999; Mercadante et al., 2001) may partly be a cohort effect. We
included very sick cancer pain patients, which may have different outcomes than patients
included earlier in the disease trajectory. In our study 33/35 patients used opioid doses
>300 mg (49 % > 1000 mg) and few exclusion criteria were employed. Other studies on
opioid switching from morphine have included cancer patients with low mean baseline
morphine doses (125-160 mg/day), and excluded patients with anticancer treatment, poor
liver/kidney function and brain metastases(Mercadante et al., 1999; Mercadante et al.,
2001; Ripamonti et al., 1998b). Moryl et al. has delivered the only real critical paper to
opioid switching, with only 1/13 successfully maintained on the second opioid after a
switch from methadone. These patients were also on high preswitch opioid doses (mean
515 mg/day)(Moryl et al., 2002). This may indicate that low-dose switches represent a
different population than in high-dose populations, and that an increase of the primary
opioid would be a better alternative than a switch in some cases. In our study, as many as
12 patients switched the opioid because of pain. The background for this was not further
outlined, and it might be that also these patients could increase the baseline opioid dose.
The doses in themselves were however high before the switch.
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The most common indication for the switch was a combination of pain and adverse
effects in both groups. The physicians concluded that these patients were in need of an
opioid switch. Still, both groups in this study reported a low average score on pain and
AEs at baseline (all variables except average PI <4 (NRS)). Based on interference with
function, Serlin et al. found that mild pain correspond 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). Adequately controlled pain should be rated as ‘none’ or ‘mild’ (NRS 1-4) (Davies
et al., 2009; Paul et al., 2005; Serlin et al., 1995). One of the reasons to the surprisingly
low score on both pain and AEs in this cohort might be a ‘response shift’; 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). Also, discrepancies may result from several
factors, including the effectiveness of the patient's coping skills. For 11-point (0-10) NRS
a reduction of 2 or 30% has been demonstrated to be clinically significant(Farrar et al.,
2001). The expert proposals of the EPCRC are that a reduction of > 50% should be
considered a ‘substantial decrease’ and that > 30% ‘a meaningful decrease’ in PI. This
means that a pain reduction of 1 (11 point NRS) is considered a meaningful decrease if
the baseline PI is 1-3. This complies with the subjective experience of the investigators
in study A, that the patients did experience pain relief and side effect resolution. The
power to detect a difference in PI is shown to be higher with a high baseline score(Farrar
et al., 2001).

Equianalgesic conversion ratio

Equianalgesic tables are derived largely from single-dose studies, expert opinion, and in
non-cancer patients(Pereira et al., 2001). Equianalgesia is expressed as the dose ratio
between two opioids which produces equivalent analgesia. However, opioid switches are
made to improve pain relief rather than to obtain equivalent pain relief. For this reason it
has been suggested to use the term “initial conversion ratios” instead of “equianalgesic
doses” when addressing dose ratios for switching between opioids(Mercadante and
Bruera 2006). Equianalgesic ratio is used in this thesis since this is the most commonly
used term.

Several equianalgesic ratios for morphine and methadone have been proposed and found
effective such as a fixed 5:1 ratio(Auret et al., 2006; Mercadante et al., 1999), or dose
dependent ratios ranging from 1:1 to 20:1(Ayonrinde and Bridge 2000; Lawlor et al.,
1998; Ripamonti et al., 1998b). The final ratios between the preswitch morphine dose and
the final methadone dose in the present study support the conclusions of Bruera et al and
later Ripamonti et al. that the relative potency of methadone increases in patients on
higher preswitch doses(Bruera et al., 1996; Ripamonti et al., 1998a; Ripamonti et al.,
1998b), and the recent belief that the methadone equivalent for morphine is not fixed, but
is linearly related to dose as in concurrence with the findings in this study(Lawlor et al.,
1998; Pereira et al., 2001). Both groups used rescue doses regularly during the trial
indicating that titration of methadone might be more aggressive than in this protocol. The
switching table explored could be further differentiated in the lower and upper morphine
equivalent groups. In the 15 patients switched from oxycodone in this thesis, the ratio
used to find the equivalent morphine dose was 2:1. Oxycodone is an opioid analgesic that
closely resembles morphine, and the efficacy and tolerability of oxycodone are similar to
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morphine(Reid et al., 2006). In a systematic review on opioid conversion ratios the
morphine: oxycodone ratio was recommended as 1:1.5 instead of 1:2(Mercadante and
Caraceni 2011). The choice of ratio might have caused the patients that switched from
oxycodone to receive a higher methadone dose than those switched from morphine.
However, this was the case in both groups and the number of patients switching from
oxycodone was similar in the two groups (8 and 7).

Evidence of dangers of inconsistent equianalgesic ratios is sparse. Opioid clinical trials
are often performed in highly selected patients, rarely blinded, seldom powered to
adequately detect adverse events, and usually conducted by pain specialists familiar with
proper opioid-dosing strategies. In addition, trials with the purpose of detecting fatal or
serious side effects would be marred with ethical concerns. Patient-specific factors such
as potential drug-drug interactions, opioid history, pain severity, and functional status,
genetic make up, and medical conditions, among others, are not accounted for in
conversion tables. Taken together, these shortcomings comprise a considerable barrier to
the calculation of the equianalgesic methadone dose. The overestimation of methadone
requirements was exemplified by the one patient experiencing severe respiratory
depression in this study. Since prospective serum samples of morphine and methadone
were available in this patient (paper II), it could be determined that pharmacokinetic
factors related to the switch probably could explain his respiratory depression. Thus the
major cause of this incident was that the commonly used conversion ratio overestimated
his methadone requirement by 30% as the patient after all, later did well on a lower dose
of methadone. This indicates that the conversion dose at least in some patients may be
difficult to predict, even though strict conversion protocols are followed. In the end, it
may be less important to determine the exact opioid ratio than it is to assure that the
patient is an appropriate candidate for methadone conversion. The high success-rate in
most studies in a recent review on methadone ratios was not directly associated with the
opioid ratio or switching method applied, but rather a result of the monitoring provided
and the subsequent dose titration(Weschules and Bain 2008).

Dropouts and safety

The higher rate of dropouts after intervention in the SAG group (38%) and three SAEs,
are of grate concern, and indicate that the SAG strategy is not safe in this patient cohort.
It might be that this is not related to the switching strategy alone, but rather a coincidence
or a result of different groups. Even though five patients in the SAG group did not receive
the allocated treatment and two of the SAEs were apparently disease related, three SAEs
in this small group raises concerns. The high number of SAEs in the SAG group is
supported by the findings by Auret et al. who switched 15 patients from morphine to
methadone using the SAG strategy (fixed methadone: morphine ratio 6:1)(Auret et al.,
2006). Five patients (33.3 %) dropped out and one died. Severe sedation was also
reported in one patient (day 5) with chronic non-malignant pain switched by the 3DS
strategy(Fredheim et al., 2006b). Similar risk of SAEs has not been reported in other
SAG studies(Mercadante et al., 2003; Mercadante et al., 1999). The dropouts and SAEs
are further discussed under research question 2. Taken together, these results indicate that
the safety of the SAG strategy is not safe in patients with short life expectancy on high
doses of opioids and it should not replace the 3DS in routine clinical practice. However,
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this study only addresses one SAG approach and other “as needed” SAG approaches have
been claimed effective(Morley and Makin 1997; Tse et al., 2003), but no randomized
trials are performed.

The results of this thesis indicate that the patients in need of an opioid switch, on high
opioid doses, should be admitted to the hospital/expert setting during the first five days of
the switch. Owing to reported cases of delayed serious adverse effects such as sedation
and respiratory depression (Ettinger et al., 1979; Hernansanz et al., 2006; Hunt and
Bruera 1995; Watanabe et al., 2002), hospitalization during an opioid switch is also
recommended by other authors (Ripamonti et al., 1997; Scholes et al., 1999). Also
monitoring of vital signs during initiation of methadone therapy are proposed(Watanabe
et al., 2002). On the other hand, others find that outpatient switching to methadone is safe
if there is a close follow-up, and both the patients and their primary caregivers have been
educated about the possible complications (Hagen and Wasylenko 1999; Hernansanz et
al., 2006; Mercadante et al., 1999; Parsons et al., 2010).

It might be that a more flexible use of SAG strategy when switching to methadone is a
better choice in these patients; the current opioid could be stopped, and the methadone
dose (dose-dependent as done is this study) changed according to the clinical response
may provide the optimal treatment in patients receiving high doses of morphine or
oxycodone. This is in concordance with the newly revised cancer pain treatment
guidelines from the EPCRC(Caraceni et al., 2011, accepted Lancet Oncology), which
recommend that the opioid dose needs to be titrated to clinical response. They state that
the existing conversion ratios are specific for patients who have satisfactory analgesia
from the first opioid, therefore when the opioid switching is due to unsatisfactory
analgesia and/or excessive side effects the dose should be lower than that calculated from
published equianalgesic ratios(Caraceni et al., 2011, accepted Lancet Oncology). Also,
that the conversion ratio from oral morphine to oral methadone is dose dependent and
varies widely (Mercadante and Caraceni 2011), and is therefore not included in the
recommendations.

Limitations

Study A was underpowered, and because of the low completion rate,- the confidence
intervals were wide, and no firm conclusions coul be made with regard to group
differences for the primary outcome PI day 3. In addition, 10 SAG patients completed the
study and were compared with 18 3DS patients, with obvious statistical implications. One
may question whether the groups are different in this trial. The mean preswitch
equianalgesic dose of morphine is higher in the 3DS group than in the SAG group (1330
mg to 900 mg) indicating that the patients receive the same methadone dose already from
day two. The patients in the 3DS group have used opioids for a longer period of time
(23.9 months to 9.1 months), and more patients have metastases than in the SAG group
(95% to 76%). On the other hand, both groups score equally on baseline recordings of PI
and AEs (NRS) and when comparing the median preswitch dose in the patients that
receive methadone, the differences are smaller (SAG 720 mg/day vs. 3Ds 960 mg/day).
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There is an ongoing debate on how to define the target population(Kaasa et al., 2008).
The cancer pain experienced by the patients in this thesis was only described by pain
intensity level, and not further classified as to the patients pain mechanism (with or
without neuropathic pain), breakthrough pain, psychological distress, pain location and
other relevant symptoms such as sleep, depression and anxiety. These domains are
suggested as important domains in the new classification proposal CPACS(Kaasa et al.,
2011). This might cover a selection problem, and the comparison with other cancer pain
samples may be difficult.

Factors that could have made this study better; higher power, describing the pain and the
cause of switch (analyzing subgroups) more thoroughly, and record PI every day so that
time to PI <4 could be measured. In addition, three dropouts could have been avoided had
the QTc-time limits been a part of the inclusion criteria and before the randomization
took place. Still, this trial had a strong design, and managed to include severely sick
patients.

1.18.2 Research question 2

What is the pharmacological profile of the respective opioids, and how can it guide
clinical interpretations and clinical practice of a methadone switch?

The pharmacokinetic differences between the groups were not reflected in a lower mean
score of pain or side effects in the SAG group, than in the 3DS group. No significant
relation between trough serum concentrations and PI levels were found.

Mercadante et al. claimed that a more rapid clearance of morphine and its metabolites for
the SAG approach would result in less side effects, and that a shorter time to stabilization
of the methadone concentration would give faster pain relief(Mercadante et al., 2003).
This was not supported by this study. As expected, more patients were in apparent steady
state of total methadone concentrations on day 4 in the SAG group than in the 3DS group.
Moreover the SAG group had a higher exposure to methadone and less exposure to
morphine and oxycodone the first three days. However, these pharmacokinetic
differences were not reflected in a lower mean pain score in the SAG group than in the
3DS group. Mercadante et al. reported that 9/10 cancer patients had stable plasma
concentrations of methadone after 1-2 days after a SAG switch(Mercadante et al., 2003).
However, the patients were observed for four days only, the blood samples were taken in
the absorption phase 1-2 h after methadone administration, and steady state was defined
as a higher methadone concentration day 2 than day 3, which seems to be a too short
period of time. In the present study only 42% (SAG group) and 22% (3DS group)
reached stable total methadone concentrations on day 4 (i.e. 3 days after switch). This
was in accordance with the results in the study by Auret et al., also using the SAG
strategy, but sampling at trough, reporting that the patients were in steady state after 4-8
days(Auret et al., 2006). Our finding is also in agreement with the long elimination half-
life of methadone, indicating steady state after about 5-6 days, corresponding to 5 times
the elimination half-life of methadone.

65



The only significant difference in the opioid serum concentrations between groups was
the concentrations on day 2. The lack of significant differences the other days might be a
type II error because of a small sample size, but it might also be a factor that the 3DS
group had a higher preswitch opioid dose than the SAG group. Nevertheless, the results
support previous findings that the methadone dose cannot predict the serum
concentrations of methadone(Eap et al., 1998; Fredheim et al., 2007).

A consequence of the relatively long elimination half-life of methadone is that the onset
of overdose symptoms is delayed, and insidious. The patient that experienced an
overdose displayed sedation already on day 3, followed by severe respiratory depression
two days later. The methadone dose should have been stopped at day 3, not just reduced.
Previous reports of sedation and/or respiratory depression during methadone
treatment(Benitez-Rosario et al., 2006; Ettinger et al., 1979; Fredheim et al., 2006b; Hunt
and Bruera 1995; Megarbane et al., 2007) together with the case of sedation in this study,
strongly suggest that patients should be observed closely during the first five days on
methadone regardless of switching strategy applied. Also, if signs of overdose appear;
stop dosing and start with a reduced dose of methadone again when signs of toxicity have
disappeared.

This study found low correlations of PI and the trough concentrations of methadone on
day 3 and 14. This supports the findings by Auret et al. with no simple correlation
between worst pain and trough methadone plasma concentrations(Auret et al., 2006).
Mercadante et al., reported no differences in plasma concentration pattern of the two
opioids between patients considered responders and non-responders when switching from
transdermal fentanyl to methadone(Mercadante et al., 2007a). This was also the
conclusion in a study on non-cancer chronic pain patients(Fredheim et al., 2007).
However, in these studies as well as in this thesis, some patients might have developed a
high degree of opioid tolerance prior to the opioid switch. Consistent with such a
phenomenon, no simple relationship between plasma concentrations of morphine,
oxycodone, metabolites or metabolite ratios and clinical effects in cancer patients has
been identified in previous studies(Klepstad et al., 2003; Quigley et al., 2003; Wolff et
al., 1995). A relationship between blood concentrations and effects of oxycodone has,
however, been found in single dose studies in healthy volunteers(Benziger et al., 1997,
Kaiko et al., 1996). The effects were assessed with a drug effect questionnaire, and by
assessing mood, pupil size changes and respiratory rate in both studies. Kaiko et al. also
showed that those with the highest “drug effect” had the highest incidents of opioid-
related side effects and the highest oxycodone plasma concentrations(Kaiko et al., 1996).
These findings are not confirmed in clinical trials on cancer patients. Heiskanen et al.
recorded pain intensity, subjective drug effect and adverse effects and assessed
oxycodone, morphine and metabolites concentrations at trough, and at 1,3 and 5 h after
administration(Heiskanen et al., 2000). No relationship between clinical findings and
opioid concentrations was found. Interestingly, Andreassen et al. reported that serum
concentrations of oxycodone in cancer patients were higher in treatment failures than in
treatment successes (Andreassen et al., accepted for publication in Journal of Pain and
Symptom Management June 2011, DOI: 10.1016/j.jpainsymman.2011.05.008).
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Relative deviation of individual concentrations from the group mean of trough
concentrations at steady state of methadone was not more variable than that of morphine
or oxycodone. The concerns regarding variable pharmacokinetics of methadone and
numerous drug interactions that are often emphasized when predicting equianalgesic
doses and risk of accumulation, were thereby not supported in this study. However, the
patient experiencing severe respiratory depression and the other dropouts did not
complete the study, and were thus not included in the above figures.

The total methadone concentration (R- and S-methadone) is most often
studied(Kristensen et al., 1995), although the R-methadone enantiomer is considered to
be responsible for the analgesic effect. In this study the R-methadone concentrations were
highly correlated to the total methadone concentrations, indicating that total methadone
concentrations might be sufficient in most cases.

The changes in serum concentrations may be less important than the exposure to the
CNS; the site of action. CSF methadone levels vary significantly between individuals for
dose; they have been reported to be 2-73% of serum levels in humans(Max et al., 1985;
Rubenstein et al., 1978). Wolff et al. found that there is a significant inter-individual
variability in the CSF/plasma ratio for morphine which may obscure plasma
concentration-effect relationships(Wolff et al., 1995). However, a relation between pain
relief and steady state concentrations of morphine in the CSF in cancer patients following
epidural administration was not found in a study by Samuelsson et al(Samuelsson and
Hedner 1991). Clearance of morphine and M6G from the CNS is probably much slower
than the cerebral wash-in of methadone(Lotsch et al., 2009). The initial total cerebral
burden of opioids after a switch may be higher in the SAG patients than in the 3DS
patients. If true, this favors the 3DS switch, especially in patients on high opioid doses.

1.18.3 Research question 3

How fast is the maximum concentration of fentanyl achieved after nasal administration?
Rapid onset of action is of great importance in treating BTP, as the pain is often severe,
reach peak intensity on average 3-5 minutes, and has a short duration(Portenoy et al.,
1999a; Zeppetella et al., 2000). The traditional orally administered opioids are commonly
used as rescue in cancer patients, although peak plasma levels ranges from 30-90
min(Gourlay et al., 1986; Leow et al., 1992), with an onset of analgesia after
approximately 20-30 min post-dosing(Portenoy and Hagen 1990; Zeppetella 2008;
2009a). Oral transmucosal fentanyl citrate (OTFC) was developed to improve treatment
of BTP, with venous T values varying from 20 to 91 min in healthy volunteers and
cancer patients, and with a meaningful pain relief after 15 min(Coluzzi et al., 2001;
Darwish et al., 2007; Egan et al., 2000; Mystakidou et al., 2006; Streisand et al., 1991).
This indicated that that OTFC could be more appropriate for BTP than orally
administered morphine and equivalents.

The two pharmacokinetic studies on intranasal fentanyl (InF) published at the time when
this thesis was planned, reported mean venous T between 4 and 14 min(Lim et al.,
2003; Striebel 1993) after administration of 50ug, and indicated that the nasal route of
administration could provide a rapid onset of pain relief. This was supported by the two
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studies on nasal fentanyl in this thesis, which demonstrated a fast systemic uptake of the
nasally administered fentanyl in opioid naive and opioid tolerant patients (study B and C,
paper III and IV). Fentanyl was quickly absorbed through the nasal mucosa, attaining
peak venous plasma concentrations within a median time (Tmax) of 12—15 minutes for the
three intranasal fentanyl spray dosage strengths (50,100 and 200 pg of fentanyl), and of 7
min in arterial samples after 50 pg of nasal fentanyl. Importantly, serum concentrations of
fentanyl were detectable at just 2 min post-dosing (the first time-point measured). These
findings are confirmed in more recent PK studies on InF where Ty from 11-21 min are
reported(Christrup et al., 2008; Fisher et al., 2010a; b; Foster et al., 2008; Veldhorst-
Janssen et al., 2010). The Tp.x observed in our, and these studies, shows good agreement
with the mean value measured in healthy individuals, wherein a median time to onset of
pain relief of 7 min was observed(Christrup et al., 2008).

Fisher et al. compared three nasal formulations, each containing 100 pug in 100 pl with
different properties to OTFC(Fisher et al., 2010a). He concluded that all these nasal
formulations demonstrated significant increased systemic exposure and reduced times to
peak plasma values compared with OTFC. This indicates that the transmucosal
bioavailability of fentanyl may depend on both formulation and the location of a
transmucosal application. Factors contributing to variability in PK parameters in the
studies may be explained by differences in spray device used; different volumes,
formulations, different degree of run-off (also affected by patients’ position), ionization,
dosage and in different analytical methods(Veldhorst-Janssen et al., 2009). The different
formulations used may also explain the differences when comparing Cyax values.

1.18.4 Research question 4

Does opioid naive and opioid exposed subjects tolerate nasal fentanyl?

Intranasal administration of fentanyl at doses of 50-200 pg were found to be well
tolerated by the opioid tolerant patients (study B), and 50 g of InF was well tolerated in
the opioid naive patients (study C). No dose-related trends in adverse events were
evident. In addition, no treatment related serious AEs were reported and no patient
discontinued due to AEs.

In study B, 26.3 % (5 patients) reported AEs considered being treatment related. Nausea
and hypoxia were the only AEs reported for more than one patient. In study C, one
patient needed oxygen when the saturation fell to 90%. However, the drop was not
significant as his baseline saturation was 93%. Finally, none of the patients reported nasal
discomfort or taste experiences. The latter being important, as bad taste might reduce
patient compliance. Furthermore, the safety of use of fentanyl would be expected to be
even better in patients given fentanyl for BTP as pain give some protection against opioid
induced respiratory depression(Borgbjerg et al., 1996).

An intravenous dose of 50 pg fentanyl is trivial in conjunction with anesthesia; however,
this takes place under strict professional observation. This is not the case when fentanyl is
self administrated nasally by the patient. Frequent dosing carries a risk of accumulation,
which may cause significant adverse events. Although less fentanyl will reach the
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systemic circulation compared to intravenous administration, there are some concerns
also related to possible additional mechanisms for uptake to the brain from the nasal area
as discussed previously(Dale et al., 2002a; Dale et al., 2006).

Today, two formulations of intranasal fentanyl have reached the market in parts of
Europe; the Fentanyl Pectin Nasal Spray (Nasal Fent®) and the intranasal fentanyl spray
(Instanyl®), both with BTP as the only indication. It has also been studied with other
indications than BTP, such as post operative pain treatment(Veldhorst-Janssen et al.,
2010), acute pain in children(Borland et al., 2007; Cole et al., 2009; Galinkin et al.,
2000), breathlessness(Sitte 2009), and burns(Finn et al., 2004). InF are tried in
nociceptive pain(Zeppetella 2000), it is compared to OTFC(Mercadante et al., 2009b) and
placebo (Kress et al., 2009). The prevalence of side effects was 19.8% (22/111) during
the efficacy period of three weeks with nausea as the most frequently reported adverse
effect (4.5%). These results was confirmed in placebo controlled RCTs(Curtiss 2011;
Portenoy et al., 2010; Taylor et al., 2010) and in comparison to oral morphine(Davies et
al., 2011a). Other transmucosal preparations than OTFC of fentanyl have been studied
lately, such as the fentanyl buccal tablets (FBT)(Darwish et al., 2010), fentanyl buccal
soluble film (FBSF)(Vasisht et al., 2009; 2010), and sublingual
administration(Bredenberg et al., 2003; Lennernas et al., 2005). All avoid first pass
metabolism, and the buccal and sublingual mucosa are more permeable than other
locations in the mouth(Zhang et al., 2002). Vissers et al. undertook a meta-analysis if six
RCTs that compared InF with OTFC, fentanyl buccal tablets (FBT), and oral morphine
for BTP(Vissers et al., 2010). The end-point was reported PID on a 10-point NRS up to
60 min post dosing. InF provided the greatest reduction in pain relative to placebo. All
trials on InF for the treatment of BTP have confirmed its usefulness, and the long-term
tolerability has been good(Radbruch et al., 2011). InF and BTP management in cancer
patients are recently reviewed(Davis 2010; Leppert 2010; Panagiotou and Mystakidou
2010).

1.18.5 Research question 5

Is there a significant difference between the early venous and arterial pharmacokinetics
of nasal fentanyl?
Knowledge of arterio-venous differences is important with respect to the relationship
between serum concentrations and the prediction of the analgesic effect of opioids such
as fentanyl. The major finding of this part of the thesis (Study C, paper IV) was that
pharmacokinetic parameters estimated from arterial samples differed significantly from
the venous ones, with AUCy.¢0 and Cpax being larger and Tiax shorter in arterial samples.
In this study the correlations between arterial and venous AUC._gomin Were found, while
the correlations were poor for Tpax and Cpax. This indicates that venous pharmacokinetic
parameters not only deviate from arterial values, but that they are also poor predictors of
arterial values.

The significant arterio-venous differences comply with reports before this study was

conducted; showing significant arterio-venous serum concentration differences after
nasal administration of nicotine in human volunteers(Guthrie et al., 1999). This was also
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reported after intravenous administration of other opioids(Hermann et al., 1999; Rentsch
et al., 2001). Also studies performed more recently confirm our findings; a study of 17
healthy volunteers receiving M6G iv, arterio-venous concentration differences were
apparent(Olofsen et al., 2010). In a randomized, open-label crossover study, 27 healthy
volunteers received a tablet of 400 pg of buccal fentanyl. Arterial and venous samples
were drawn simultaneously from 17 of the subjects (mean 22.8 years) before and during
the next four hours (17 times) after administration. The maximum plasma concentrations
in the arterial samples were approximately 60% higher, and occurred 15 min earlier, than
in the venous samples(Darwish et al., 2006). This indicates that nasal administration, due
to the rapid absorption, share pharmacokinetic characteristics with intravenous drug
administration.

The effect site equilibration time is the temporal dissociation between the serum (central
compartment) concentration and the apparent effect site (effect compartment)
concentration of a drug. The effect site equilibration explains the delay between the
arterial serum time concentration curve and the effect-curve. Since venous
concentrations do not predict arterial concentrations, arterial samples will be more precise
when predicting onset time of analgesia. Venous samples will also underestimate
concentrations at effect site (CNS) and time to Cpx in the CNS. However, some claim
that oral opioids is effective despite the delays in peak serum concentrations(Cleary
1997). The incongruity between response and venous pharmacokinetics where analgesia
precedes the rise in venous blood levels, have been attributed to the placebo effect(Farrar
et al., 1998; Portenoy et al., 1999b). However, it might be that this incongruity can be
explained by the earlier arterial rise.

The different sites of blood sampling might lead to different interpretations of data,
particularly across studies(Chiou 1989a). Thus, the method of blood collection needs to
be clearly defined, and the comparison of PK profiles across studies using arterial
sampling cannot be made with those using venous sampling(Darwish et al., 2006). Even
though PK results from venous samples may be less accurate for prediction of time to
onset of action, this is still the most commonly applied sample site in PK/PD studies.
Obtaining arterial samples may be painful, technically difficult and can result in
complications including: bleeding, aneurysm formation, thrombosis of the artery,
infection and at the most extreme loss of function of the extremity. For these reasons and
to compare Ty, between studies, venous samples were used in paper III in this thesis.
Second, differences in arterio-venous concentrations have little relevance beyond the first
hour. This means that arterial sampling is only relevant for fat-soluble drugs with a fast
onset of action.

1.19 BTP management today

Several expert recommendations have addressed the issue of BTP management and
concluded that the evidence is limited. (Davies et al., 2009; Hanks et al., 2001;
Mercadante et al., 2002). A recent systematic review comparing InF to other opioids for
BTP management concluded that InF is expected to provide the greatest improvement in
the treatment of BTP(Vissers et al., 2010). Nicholson et al. have recently published a
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review of different routes of opioid delivery for cancer BTP(Nicholson and Agarwala
2011). In comparison with oral morphine or placebo, transmucosal, buccal, sublingual,
and intranasal fentanyl have been shown to provide rapid analgesia and are available for
clinical use in most countries. All the studies performed with these delivery systems have
recommended that these drugs should be administered to opioid-tolerant patients
receiving doses of oral morphine equivalents of at least 60 mg(Mercadante 2011). It
should be taken into consideration, that the analgesic effects of these preparations cannot
be reliably assessed in BTP as the pain may peak prior to the onset and resolve before the
end of the fentanyl action(Hagelberg and Olkkola 2010; Portenoy et al., 1999a).

A recent systematic review (update of(Zeppetella and Ribeiro 2006)) on opioids for the
management of BTP in adults with cancer pains, as part of the European Palliative Care
Collaborative (EPCRC) opioid guideline project retrieved nine RCTs, whereof most were
industry sponsored(Zeppetella 2011). Based on this review, the new EAPC
recommendation on BTP management is: “breakthrough pain can be effectively managed
with either oral, immediate release opioids or buccal or intranasal fentanyl preparations.
In some cases buccal or intranasal fentanyl preparations are preferable to the immediate
release oral opioids because of their more rapid onset of action and shorter duration of
effect”(Caraceni et al., 2011, accepted Lancet Oncology).
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Conclusions

Based on the papers included in this thesis the following answers to the research
questions are:

How to switch from morphine or oxycodone to methadone when the patients experience
an imbalance between pain and side effects on high doses of opioids

1. Is the stop and go switching strategy more effective than and as safe as the standard
3-days switch?

e No benefit of the SAG strategy was observed compared to the 3DS strategy in
respect to better pain control or reduction of side effects.

e The SAG group had more dropouts and serious adverse events compared to the
3DS group. This indicates that the SAG strategy is not safe in these patients.

e The SAG strategy in cancer patients with advanced disease, complex pain
features, and high opioid doses, is not to be recommended.

2. What is the pharmacological profile of the respective opioids and how can it guide
clinical interpretations and clinical practice of a methadone switch?

e The patients in the SAG group were significantly more exposed to methadone and
less to the previous opioids, than the 3Ds group the first three days after the
switch. This did, however, not result in better pain control or reduction of side
effects in the SAG group.

e 42% (SAG) and 22% (3DS) of patients had apparent steady state of methadone
concentrations on day 4, and one SAG-patient experienced severe respiratory
depression day 5. This indicates that patients need to be observed for more than
five days (when steady state may be assumed) independently of switching
strategy.

e The dropouts (including the SAEs) did not have significantly higher methadone
concentrations than the median of the rest of the SAG group. The SAEs cannot be
predicted from serum concentrations. Increasing sedation/tiredness should lead to
discontinuation of methadone until awakening, and not just a reduction of
methadone dose.

e Low correlations were found between total methadone concentrations and PI day
3 in both groups.

e Serum concentrations of methadone were not more variable, than that of
morphine or oxycodone.

e Total methadone concentrations were highly correlated to R-methadone
concentrations, indicating that analyzing total methadone concentrations might be
sufficient, despite the fact that the R-methadone enantiomer is the analgesic
isomer.
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Exploring the pharmacokinetic profile of nasal fentanyl spray as a novel principle of
treatment of cancer breakthrough pain

3. How fast is the maximum concentration of fentanyl achieved after nasal
administration?

e Nasal fentanyl provided a rapid uptake with a venous fentanyl concentration peak
for all doses (50, 100 and 200 pg) from 9 to 15 min after administration and this
complies with its rapid onset of action.

4. Does opioid naive and opioid exposed subjects tolerate nasal fentanyl?

e Nasal fentanyl was well tolerated by cancer patients with breakthrough pain and by
opioid-naive, elderly men. This together with the short time to peak concentrations,
indicate that this can be a suitable treatment for cancer breakthrough pain.

5. Is there a significant difference between the early venous and arterial
pharmacokinetics of nasal fentanyl?

e The pharmacokinetic parameters estimated from arterial samples differed
significantly from the venous ones, with the exposure the first hour (AUC.¢9) and
the Cpax of fentanyl being larger and the Ty, concentration shorter in arterial
samples. The correlation was strong for AUC.¢0 (0.78) but weaker for Cp.x (0.60)
and Thax (0.14).

e This indicates that venous pharmacokinetic parameters not only deviate from
arterial values, but that they are also poor predictors of arterial values. Analyses
from arterial blood samples may give a more precise estimate when predicting time
to effect in the early phase after intranasal fentanyl.
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Future perspectives

The findings presented in this thesis are only initial steps to elucidate the complexity of
cancer pain treatment. With analgesic strategies integrated into a palliative plan of care,
there is increasing hope that patients can experience cancer with a minimum of suffering.
Nonetheless, the treatments used, have very little supporting evidence and there continues
to be a pressing need for more research to provide comparative and long-term data to
current and novel treatment strategies. A systematic review of studies on cancer
symptoms reported in palliative care journals from 2009-2010, found that of the 1569
articles published, only 5.86% (92 articles) were on cancer pain(Kumar 2011), and the
challenges are many. Establishment of an international, academically based network of
centers that have the skills and resources to conduct multicenter studies in palliative care
patients are needed. One effort is The European Palliative Care Research Centre (PRC),
which was officially launched in October 2009, with the aim to coordinate groups and
individual researchers across Europe, North America and Australia. The PRC is based
upon an open invitation for all active researchers in palliative care to participate
(http://www.ntnu.edu/prc).

Opioid switching

Most studies on opioid switching have evaluated a switch to methadone, but no RCTs
have compared the efficacy and adverse effects profile of methadone to other opioids.
Future studies should aim at determining what patients will benefit from an opioid
switch, what the indications should be, and what opioid should be chosen as the second
line opioid. Further research should compare different opioids, switching strategies and
routes of administration in RCTs. A strategy where the current opioid is stopped and the
new opioid started by titration might be a choice of strategy and should be studied.
Furthermore opioid switching has not been compared to other treatment options when
treatment with a step three opioid fails to provide acceptable balance between pain relief
and side effects.

Nasal fentanyl versus other BTP treatment strategies

There is a limitation of nasal application that absorption of fentanyl can be influenced by
nasal obstruction/rhinitis. As many as 44% of 320 cancer patients on opioids reported
regular nasal problems in a multi-center European study(Davies et al., 2011b). The
implication of this and irritability of the nasal mucosa after long term use is not yet
established. RCTs comparing nasal fentanyl to other BTP treatments should be
performed. Other indications of intranasal fentanyl than BTP should be explored. Issues
of tolerance, and drug abuse should be addressed in future clinical trials.

Standardized classification and assessment of pain

The aim is a better selection of the right patient for the right treatment, and the ability to
compare results across studies. It has been suggested that a consensus on classification
may improve pain treatment in cancer patients(Kaasa and Caraceni 2010). In order to
characterize the study population precisely and thus increase the external validity, a
common minimum dataset for patient description should be applied in all studies.
Furthermore, an agreement on outcome measures for pain intensity and adverse effects
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should be standardized, including the time points for the observations. This would make
meta-analysis possible. Furthermore, several of the existing, validated questionnaires are
too long in order to be used in the daily routine or be repeated frequently during follow-
up. The European Palliative Care Research Center (http://www.epcrc.org/) is in the
process of trying to improve the classification of pain. The intention is to agree on
assessment tools and new cancer pain guidelines(Kaasa et al., 2011).

Access to pain treatment

The knowledge of cancer pain treatment needs to reach all cancer patients no matter
country, setting or physician. Limited knowledge is, however, not the only problem. A
survey from 46 developing countries conducted by IASP identified barriers to good pain
management; lack of education in pain management, low priority by government
agencies, limited drug availability caused by cost implications and restrictions but also
poor patient compliance(IASP). By 2020 the WHO estimates that 70% of new cancer
cases will be in developing countries, with most patients presenting with late stages of
disease(Ramsay 2001). Although adequate pain treatment is considered a human right,
health care systems in many countries have yet to view pain management in this context.
Research that may illuminate how to improve education, raise resources, and improve
cancer pain treatment in all parts of the world is warranted.
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ARTICLE INFO ABSTRACT
Article history: Aim: Opioid switching is a treatment strategy in cancer patients with unacceptable pain
Available online 19 July 2011 and/or adverse effects (AEs). We investigated whether patients switched to methadone
by the stop and go (SAG) strategy have lower pain intensity (PI) than the patients switched
Keywords: over three days (3DS), and whether the SAG strategy is as safe as the 3DS strategy.
Cancer pain Methods: In this prospective, open, parallel-group, multicentre study, 42 cancer patients on
Opioid switch morphine or oxycodone were randomised to the SAG or 3DS switching-strategy to metha-
Methadone done. The methadone dose was calculated using a dose-dependent ratio. PI, AEs and seri-
Randomised ous adverse events (SAEs) were recorded daily for 14 days. Primary outcome was average PI

day 3. Secondary outcomes were PI now and AEs day 3 and 14 and number of SAEs.
Results: Twenty one patients were randomised to each group, 16 (SAG) and 19 (3DS) patients
received methadone. The mean preswitch morphine doses were 900 mg/day in SAG and
1330 mg/day in 3DS. No differences between groups were found in mean average PI day 3
(mean difference 0.5 (CI -1.2-2.2); SAG 4.1 (CI 2.3-5.9) and 3DS 3.6 (CI 2.9-4.3) or in PI
now. The SAG group had more dropouts and three SAEs (two deaths and one severe seda-
tion). No SAEs were observed in the 3DS group.
Conclusion: The SAG patients reported a trend of more pain, had significantly more drop-
outs and three SAEs, which indicate that the SAG strategy should not replace the 3DS when
switching from high doses of morphine or oxycodone to methadone.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction have been recommended to improve pain and/or opioid re-
lated adverse effects (AEs).>®

Pain is a prevalent symptom in cancer patients.? Opioids Despite the low level of evidence, opioid switching is rec-

may provide pain control in 85-90% of these patients,’ still a ommended by experts,”” as well as by major textbooks on

large number of cancer patients have unacceptable high pain cancer pain.®° The rationale behind the opioid switch is not

intensity.>* A change of route or a switch to another opioid fully understood. However, pharmacogenetic variability,
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pharmacodynamic and pharmacokinetic factors such as
incomplete cross-tolerance to the analgesic effect amongst
opioid agonists or the metabolic clearance of the previous
toxic opioid with AE resolution may contribute.’>*? Whilst
opioid switching is generally recognised, there are several
unresolved questions; which opioid to use?, what is the opti-
mal switching strategy? and which equianalgesic dosage
should be applied?

Methadone is the most commonly applied secondary opi-
0id.*®** It has no active metabolites, high oral bioavailability
and its elimination is largely independent of renal function.
Dosing may be challenging due to a long terminal half-life
(13-50 h),***¢ potential drug-drug interactions and the risk
of arrhythmia.

The dominating switching strategies are the ‘stop and go’
(SAG) where the current opioid is immediately replaced by
methadone® 2! and the ‘3-days switch’ (3DS) where the dose
of the current opioid is reduced stepwise by 1/3 every day and
substituted with 1/3 of the equianalgesic dose of methadone
over three days.?>** The 3DS is the standard approach as it
may avoid methadone accumulation and toxicity, especially
in patients on high doses.?>** SAG has been proposed to be
safe, and more effective than 3DS.*® Advocates for SAG argue
that a rapid switch gives faster onset of analgesia and reduc-
tion of AEs."®

Several equianalgesic conversion ratios for morphine and
methadone have been proposed and found effective such as
a fixed 5:1 ratio,’®?® or dose-dependent ratios ranging from
1:1 to 20:1.2>?7%® However, no randomised trials on opioid
switching to methadone have been published'*%°. The studies
have primarily been done in patients receiving less than
350 mg morphine limiting their validity for advanced, frail
cancer patients who are switched from 800 to 1500 mg mor-
phine equivalence doses.

In order to evaluate the effect and safety of the SAG strat-
egy compared to the standard 3DS when switching from mor-
phine or oxycodone to methadone in cancer patients, a
randomised study was conducted with the following

hypotheses: Patients allocated to the SAG strategy have lower
PI than the 3DS patient’s day 3, and SAG is as safe as 3DS.

2. Patients and methods

2.1.  Trial design, randomisation and masking

This was a prospective, open, parallel group, multicentre ran-
domised controlled phase II trial. The randomisation (central
telephone) was stratified by hospital (block size of two) and
allocation was concealed until interventions were assigned.
Observation time was 14 days. The Regional Committee for
Medical Research Ethics approved the study and it was con-
ducted according to the Helsinki declaration. Informed and
written consent was obtained. This trial is registered in Clin-
icalTrials.gov id: NCT0014496.

2.2.  Patients and setting

Cancer patients >18 years, treated with morphine or oxyco-
done (>1 week) and having increasing pain considered to be
untreatable with further opioid titration and/or having opioid
related adverse effects were eligible. In- and out-patients (if
observed by next of kin) were recruited from four hospitals
in Norway; Telemark Hospital, Haraldsplass Deaconess Hos-
pital, Kristiansund Hospital and St. Olav’s University Hospital.
2.3.  Switching procedure

In SAG patients the current morning opioid dose was replaced
by an estimated equianalgesic dose of methadone at day 1
(Fig. 1). In 3DS patients, the current opioid dose was reduced
by 1/3 and substituted with 1/3 of an equianalgesic dose of
methadone each day and then discontinued from day 3
(Fig. 1). Racemic methadone was administered every eight
hours as capsules or mixture (10, 20, 50 and 100 mg produced
by St. Olav’s Hospital Pharmacy). No titration was recom-
mended until day 5 (4 days after the switch). The rescue dose

Morphine/ | 2
Oxycodone | n £
Morphme/ .
Oxycodone 3-days switch
l Day | ] Day 2 Day 3
NG
.
.
Randomisation l Day 123 4 5 678910111213 14 |
Bascline data (2d) J Switching Ohbservation T'tration and observation |
.
.
Dayl | Day2 |Day3
Morphine/ Methadone Stop and go
Oxycodone §

Fig. 1 - Study design. Note that day 1 is the day of the switch.
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was 1/6 of the baseline opioid dose. Adjuvant non-opioid
analgesics and anti-cancer treatment were maintained
stabile.

The methadone dose was calculated from the oral mor-
phine equivalent dose (last 24 h, including mean rescue dose
last 48 h) using a dose-dependent conversion ratio (Table 1).
(For conversion: parenteral morphine: oral morphine = 1:3
and oral oxycodone: oral morphine = 1:2).

2.4. Data collection

Patient demographics and clinical characteristics were re-
corded by the physician/investigator at baseline. Opioid dose
changes and use of rescue were recorded daily.

Patients reported average pain intensity (PI) last 24 h and PI
now before 12 am at baseline, day 3 and 14 on a numerical
rating scale (NRS, 0 = no pain and 10 = worst pain imaginable)
using the brief pain inventory (BPI).*® AEs (nausea, drowsi-
ness, loss of appetite and dry mouth) today were recorded
daily (NRS 0-10) before 12 am using a Norwegian version of
the Edmonton Symptom Assessment System (ESAS).*

The Mini Mental State Examination (MMSE) was used to
assess cognitive function at baseline and day 3. Three electro-
cardiograms (ECG) were obtained to supervise QT-prolonga-
tion (baseline, between day 4-7 (same dose >2 days) and
day 14). The preswitch rate-corrected QT.-interval (Bazett for-
mula) estimated by the physician had to be <480 ms for pa-
tients not at-risk and <460ms for patients at-risk of
arrhythmia before methadone was introduced. Patients with
QT.-intervals above these values at inclusion or who reached
a QT.-interval >500 ms after the switch were excluded.

2.5. Statistics and outcomes

The trial was initially designed to detect a difference of two
days to achieve pain relief (<4 (NRS 0-10)), and sample size
calculations were made accordingly. However, it was subse-
quently decided to make assessments only at baseline, day
3 and 14, with the primary outcome being average PI day 3
with pain now, drowsiness, nausea, loss of appetite and dry
mouth day 3 and 14 as secondary outcomes. We placed
emphasis on estimation of effects, with the uncertainty due
to sample size being made explicit by wide confidence inter-
vals, rather than p-values which could be misleading because
of the possible type II errors.

All data are reported as means, 95% confidence intervals
(CI), ranges, medians or frequencies (N (%)) as appropriate.
Spearman’s correlation (r) was used to compare the preswitch

morphine: methadone doses and ratios with the final doses
and ratios. Statistical software SPSS 17.0 was used in all
analysis.

3. Results

3.1. Patients

Forty-two patients were randomised from June 2004 to March
2008, 21 to each group (CONSORT flowchart Fig. 2). The two
study groups had similar patients’ characteristics (Table 2) ex-
cept time on WHO step 3 opioids (SAG mean 9.1 months and
3DS 23.6 months, mean difference 14.4 (CI -26.6 to —2.3)). Both
groups had high mean preswitch equianalgesic morphine
doses; SAG 900 mg/day (CI 650-1150) and 3DS 1330 mg/day
(CI 820-1840).

More SAG patients dropped out of the study than 3DS pa-
tients (11 versus 3, respectively, RR = 3.3 (CI 1.1-8.5)). Three of
the dropouts in SAG were SAEs (2 died and 1 severely se-
dated), none in the 3DS group. The number needed to harm
(NNH) in the SAG group was seven; which means that every
seventh patient will experience a SAE. Dropout reasons are
shown in Table 3.

3.2.  Pain and adverse effects

No differences were found between groups in means of aver-
age PI day 3 (mean difference 0.5, CI —1.2-2.2) as shown in Ta-
ble 4. The 3DS reported a clinically significant lower average PI
than SAG with mean difference of 2.1 (CI -0.8-5.0) at day 14
and the SAG group reported a trend of increasing pain during
the 14 days.

The secondary outcomes; mean PI now and mean AEs day
3 and 14 showed no significant differences between group
means (Table 4). All mean AE scores were below four from
baseline through day 14 in both groups, and no group had a
clinically significant reduction of AEs. The mean differences
between groups day 3 were for drowsiness 0.0 (CI —-1.3-1.6),
for nausea 0.1 (CI -1.0-1.0), for loss of appetite 1.2 (CI -1.1-
3.5) and for dry mouth 0.6 (CI —1.2-2.3) (Table 4).

3.3.  The switching table

This study confirms that the stabilised dose of methadone
(day 14) is highly correlated to the preswitch morphine dose
(r =0.80). The protocol ratios used at baseline and the final ra-
tios (preswitch morphine dose: methadone dose at day 14)
after titration were correlated (r = 0.63), however, the ratios

Table 1 - Dose dependent switching table and distribution of patients in each dose group, n = 35.

Baseline morphine dose (mg) Protocol ratio Mo:Me?*

Final ratio® Mo:Me Mean (min-max)

N Stop and go/3-days switch

30-90 41 0/0
91-300 6:1 41 (3.34.7) 1/1
301-600 8:1 7.5:1 (4.4-10) 4/4
601-1000 10:1 11.7:1 (7.1-17.3) 5/3
>1000 12:1 14.2:1 (8.6-26.7) 6/11

# Mo = morphine, Me = methadone.
® Baseline Mo:Me day 14.
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Fig. 2 - CONSORT flowchart.

varied substantially within each morphine dose equivalent,
especially for the patients on high opioid doses where the ra-
tios varied from 8.6:1t0 26.7:1 (Table 1). The final median meth-
adone doses were lower than the estimated methadone doses
preswitch; SAG from 80 to 65 mg and 3DS from 106 to 90 mg.
3.4. Rescue

The 3DS-patients reported two-fold more rescue episodes per
day than the SAG-patients all 14 days. The mean difference in
total number of rescue episodes the first 3 days was 4.0 epi-
sodes (CI -8.2-0.1).

3.5. QT-interval

The final (d14) average QT was 416 ms (CI 379-446) (n = 6) (15 ms
increase from baseline) in SAG, whilst the average QT. was
407 ms (CI 372-443) (n = 9) (5 ms decrease from baseline) in 3DS.

4. Discussion

The main finding in this randomised phase II trial was that
the stop and go (SAG) approach when switching to metha-
done from morphine or oxycodone was associated with a
trend of more pain, a higher number of dropouts and serious
adverse events than with the 3-days switch (3DS) approach in
cancer patients on high opioid doses. Since few patients
(n=28) completed the study - the confidence intervals are
wide and consequently no firm conclusions can be made with

regard to group differences or group similarity for the primary
outcome, namely average PI day 3.

In a recent systematic review on opioid switching in cancer
patients®® no RCTs were found, and the evidence level was
graded D (Grade’s approach®?). The experience from this study
and the lack of randomised trials published on this topic reflect
that conducting scientifically sound trials in this population is
challenging and one need to sample according to a 50-75%
attrition rate. Second, this cohort of patients are difficult to re-
cruit in intervention studies due to the complexity of the dis-
ease with many symptoms, often short life-expectancy and
health care providers that may act as gatekeepers. This raises
a need for pragmatic trials recognising the possible methodo-
logical limitations met in the most severe sick patients com-
pared with studies including more healthy patients. The
relevant population for many interventions in cancer patients,
exemplified by this study’s research question, is the patients at
the very end of life where scientific rigour is difficult. Studies in
these patients, give clinically important information that can-
not be achieved in other populations. Also, because the num-
ber of such cases successfully identified and recruited into
studies are low, many centres need to take part in order to ob-
tain a sufficient number of patients in due time (2-3 years).

In previous uncontrolled studies on the SAG strategy it has
been argued that this approach will rapidly improve pain re-
lief.1929.333% Mercadante et al. reported successful switches
(PI <4 on NRS 0-10) in 80% of 52 patients within 3.65 days
in one study?® and after only 24 h in 46% of 24 patients in an-
other study.”® This observation was not confirmed in the
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Table 2 — Patient demographics and clinical characteristics (n = 41)°.

Stop and go n=21 3-days switch n=20*
Gender F/M 9/12 10/10
Age (years, CI) 61 (58-65) 58 (54-63)

Ethnicity (n)

Caucasian 20 20

Latin American 1 0
Baseline pain intensity

Mean (CI) 5.4 (4.1-6.6) 5.5 (4.4-6.5)
Karnofsky performance status (%)

Mean (CI) 59 (53-65) 60 (52-67)

Min-max 30-80 30-90
MMSE baseline

Mean (CI) 28.3 (26.3-30.2) 28.3 (26.7-29.8)
Cancer diagnosis (n)

Breast 2 (9.5%) 0

Prostate 4 (19%) 3 (15%)

Gl 3 (14.3%) 6 (30%)

Lung 3 (14.3%) 4 (20%)

Gynaecologic 2 (9.5%) 1 (5%)

Other 7 (33.3%) 4 (20%)

Double diagnosis 0 2 (10%)

Metastatic (M1) 16 (76%) 19 (95%)
Concomitant disease (n)

None 11 (52.3%) 13 (65%)

Cardiac 5 (23.8%) 4 (20%)

Anaemia 0 2 (10%)

Lung 2 (9.5%) 0

Rheumatism 1 (4.8%) 1 (5%)

Other 5 (23.8%) 4 (20%)
Cancer treatment last weak (n)

None 11 (52.4%) 13 (65%)

Chemotherapy 0 2 (10%)

Radiation 2 (9.5%) 0

Surgery 0 0

Hormone 2 (9.5%) 2 (10%)

Combination 2 (9.5%) 3 (15%)

Missing 4 (19%) 1 (5%)
Concomitant medication (n > 5)

Paracetamol 11 (52.4%) 18 (90%)

Steroids 7 (33.3%) 9 (45%)

Anticonvulsants 8 (38.1%) 11 (55%)

Laxatives 3 (14.3%) 5 (25%)

Benzodiazepines 3 (14.3%) 6 (30%)
Main indication for switch n (%)

Pain 4 (19%) 8 (40%)

Adverse effects 2 (9.5%) 1 (5%)

High dosage 1(4.8%) 0

Combination 12 (57%) 11(55%)
Current opioid (n)

Morphine 13 (61.9%) 12 (60%)

Oxycodone 8 (38.1%) 7 (35%)

Fentanyl 0 1 (5%)
Preswitch equianalgesic morphine dose (mg)

Mean (CI) 900 (650-1150) 1330 (820-1840)

Min-max 350-2000 90-3840

Median 690 1200

2 Data on one patient in the 3-days switch group was not retrievable.
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Table 3 - Patients that dropped out after the intervention (n = 7).

Switching Day of Reason Gender Baseline Equianalgesic preswitch
strategy dropout age opioid opioid dose (mg/day)
SAG 2 Cognitive failure Female 60y  Morphine 1200
SAG? 5 Sedation and respiratory arrest Male 59y Morphine 1080
(reversed with Naloxone) (SAE®)
SAG 5 Switched back to morphine; Female 68y  Oxycodone 1580
pain and drowsiness
SAG 6 Terminated all medications at home Female 61y  Oxycodone 640
SAG 7 Died from myocardial infarction (SAE) Male 72y Morphine 510
SAG 10 Died from cardiac tamponade and Female 58y Morphine 640
pulmonary embolism (SAE)
3DSP 5 QT. prolonged Male 69y Oxycodone 1800

® SAG = stop and go.
b 3DS = 3-days switch.
€ SAE = serious adverse event.

Table 4 — Average pain intensity (last 24 h), pain intensity now and adverse effects (last 24 h) at baseline, day 3 and 14 (11-

point NRS) in the patients receiving methadone (n = 35), means (95% CIs).

Baseline Day 3 Day 14

Average pain intensity

Stop and go 4.6 (3.5-5.7) 4.1 (2.3-5.9) 4.9 (2.1-7.7)

3-Days switch 4.7 (3.6-5.8) 3.6 (2.9-4.3) 2.8 (1.8-3.9)

Mean difference (CI) —-0.8 (-1.6-1.5) 0.5 (-1.2-2.2) 2.1% (-0.8-5.0)
Pain intensity now

Stop and go 2.9 (1.9-4.0) 3.3 (1.6-5.0) 3.3 (1.9-4.7)

3-Days switch 4.2 (3.1-5.2) 2.8 (1.7-3.9) 2.6 (1.6-3.7)

Mean difference (CI) -1.2 (-2.7-0.2) 0.5 (-1.4-2.3) 0.7 (-1.0-2.3)
Drowsiness

Stop and go 3.5 (2.0-5.0) 2.7 (1.5-3.9) 2.9 (0.9-4.8)

3-Days switch 3.3 (2.0-4.5) 2.7 (1.7-3.6) 2.9 (1.8-4.0)

Mean difference (CI) 0.2 (1.7-2.1) 0.0 (-1.3-1.6) 0.0 (-2.0-1.9)
Nausea

Stop and go 1.5 (0.5-2.6) 1.0 (0.3-1.7) 1.3 (0.8-3.3)

3-Days switch 1.6 (0.2-2.5) 0.9 (0.3-1.7) 0.7 (0.1-1.5)

Mean difference (CI) 0.2 (-1.4-1.8) 0.1 (-1.0-1.0) 0.6 (-1.1-2.1)
Loss of appetite

Stop and go 3.9 (1.7-6.0) 3.9 (1.7-6.0) 2.9 (0.4-6.1)

3-Days switch 2.9 (1.9-3.9) 2.7 (1.7-3.7) 2.7 (1.4-4.1)

Mean difference (CI) 1.0 (-1.4-3.3) 1.2 (-1.1-3.5) 0.2 (-2.6-2.8)
Dry mouth

Stop and go 2.7 (0.7-4.6) 3.0 (1.5-4.5) 1.6 (-0.2-3.3)

3-Days switch 3.1 (1.9-4.4) 2.4 (1.7-3.7) 2.0 (1.2-2.8)

Mean difference (CI) -0.4 (-2.5-1.7) 0.6 (-1.2-2.3) -0.4 (-1.9-1.1)

@ Clinically significant difference between groups (>2).

present study where the SAG approach was associated with a
trend of more pain overall during the 14 day period.

The higher rate of dropouts after intervention in the SAG
group (38%) and three SAEs raise the question whether SAG
is less safe than 3DS (5% dropout and no SAEs) in this cohort.
However, five patients in the SAG group did not receive the
allocated treatment and two of the SAEs were disease related.
This might not be related to the switching strategy alone, but
rather a coincidence or a result of different groups. Still, the
accumulation of dropouts and SAEs in one group raises con-

cerns. The high number of SAEs in the SAG group is supported
by the findings by Auret et al. who switched 15 patients from
morphine to methadone using the SAG strategy (fixed meth-
adone: morphine ratio 6:1). Five patients (33.3%) dropped
out and one died.”® Severe sedation was also reported in
one patient (d5) with chronic non-malignant pain switched
by the 3DS strategy.® Similar risk of SAEs has not been re-
ported in other SAG studies.’®® Thus, the observation time
of three to five days in some studies might be too short to ob-
serve accumulation of methadone or adverse effects. Also
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some studies include patients on relatively low doses of opi-
oids before the switch. Taken together, the safety of the SAG
is questionable in patients with short life expectancy on high
doses of opioids and it should not replace the 3DS in routine
clinical practice. However, this study only addresses one SAG
approach and other ‘as needed’ SAG approaches have been
claimed effective,**” but no randomised trials are performed.

The inability of this study to reproduce the findings from the
above and previous studies'®? may be a cohort effect. In this
study 33/35 patients used opioid doses >300 mg (49% > 1000 mg)
and few exclusion criteria were employed. Only 3/52 used doses
of morphine >300 mg in the study by Mercadante et al. and pa-
tients with anticancer treatment, poor liver/kidney function
and brain metastases were excluded.”® In contrast, the present
study included very sick cancer pain patients which may have
different outcomes than patients included earlier in the disease
trajectory. These observations underline the importance of clas-
sifying the cancer cohortsin clinical cancer pain studies, and that
a common system needs to be agreed upon.

The final ratios between the preswitch morphine doses
and the final methadone doses in the present study support
the conclusions of Bruera et al. and later Ripamonti et al. that
the relative potency of methadone increases in patients on
higher preswitch doses®**>?” and that there are strong indica-
tions that the differences in dose ratios are dose-dependent.?
Both groups used rescue regularly during the trial indicating
that a more aggressive titration of methadone might be more
appropriate. It is important to acknowledge that the reported
equianalgesic dose ratios are really ratios between an opioid
dose, which provide unacceptable AEs in the presence of
uncontrolled pain and the methadone dose which provided
adequate pain control with an acceptable level of AEs.

5. Conclusion

The level of evidence remains low for the most treatment
strategies during end of life care. The present study under-
lines the importance of conducting controlled studies before
changes in treatment strategies are implemented into guide-
lines and/or clinical practice. The observations in this study
including the severe SAE in the SAG group give no support
for replacing the 3DS switch with the SAG approach in seri-
ously ill patients using high doses of opioids.
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Appendix

Karnofsky performance status (KPS)
Brief Pain Inventory (BPI)
Norwegian version of ESAS (TPAT)

Mini mental state examination (MMSE)






KARNOFSKY INDEX

Kriterier for aktivitesstatus ved skjelettmetastatisk kreftsykdom

Normal. Ingen plager eller subjektive tegn pa

100% sykdom.
Utfarer normal aktivitet,
trenger ikke spesielt stell . Klarer normal aktivitet, sykdommen gir lite
90% symptomer.
Klarer med ngd normal aktivitet.
80% Sykdommen gir en del symptomer.
70% Klarer seg selv, ute av stand til normal aktivitet
e ) aller aktivt arbeid.
Ute av stand til a arbeide.
Klarer Seg hjemme, greier 60% Trenger noe hjelp, men Klarer stort sett &
personlig stell. Trenger tilfredstille egne behov.
varierende grad av hjelp.
50% Trenger betydelig hjelp og stadig medisinsk
omsorg.
40% Ufar, trenger spesiell hjelp og omsorg.
e 30% Helt ufer, hospitalisering ngdvendig, men fare
Ute av stand F'I a grelfe Seg for dad er ikke overhengende.
selv. Avhengig av pleie.
Sykdommen i progresjon. 20% Sveert syk, hospitalisering og understgttende
behandling ngdvendig.
10% Moribund, dedsprosessen er i rask fremmars;j.
0% Dgd

Draft

=
= i |-
I — Tl
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1. Gjennom livet har de fleste av 0ss hatt smerter (som lett hodepine, forstuelser eller tannpine).
Har du i1 dag smerter av et annet slag enn slike dagligdagse smerter.

OJa O Nei
2. Vil du skravere de omradene pa kroppen hvor du har smerter. Marker med et kryss der du har mest
vondt.
Hoyre Venstre Venstre Hayre

3. Vennligst sett ring rundt det tallet som best beskriver de sterkeste smertene du har hatt i Igpet av de
siste 24 timer.

0 1 2 3 4 5 6 7 8 9 10
Ingen smerter Verst tenkelige smerter

4, Vennligst sett ring rundt det tallet som best beskriver de svakeste smertene du har hatt i lgpet av de
siste 24 timer.

0 1 2 3 4 5 6 7 8 9 10

Ingen smerter Verst tenkelige smerter

5. Vennligst sett ring rundt det tallet som best angir hvor sterke smerter du har i gjennomsnitt.

0 1 2 3 4 5 6 7 8 9 10

Ingen smerter Verst tenkelige smerter

6. Vennligst sett ring rundt det tallet som best angir hvor sterke smerter du har akkurat na.

0 1 2 3 4 5 6 7 8 9 10
Ingen smerter Verst tenkelige smerter

Vennligst snu arket
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7. Hvilken behandling eller medisiner far du for & lindre smertene dine?

Ingen lindring

0% 10% 20% 30% 40% 50% 60% 70% 80%

8. I hvor stor grad har behandling eller medisiner lindret smertene dine de siste 24 timene?
Vennligst sett en ring rundt det prosenttallet som viser hvor stor smertelindring du har fatt.

100%
Fullstendig lindring

Sett en ring rundt det tallet som for de siste 24 timene best beskriver hvor mye smertene har virket

inn p&:

9. Daglig aktivitet

0 1 2 3 4 5 6 7 8
Ikke pavirket

10
Fullstendig pavirket

10. Humar

0 1 2 3 4 5 6 7 8
Ikke pavirket

10
Fullstendig pavirket

11. Evnetil aga

0 1 2 3 4 5 6 7 8
Ikke pavirket

10
Fullstendig pavirket

12. Vanlig arbeid (gjelder bade arbeid utenfor hjemmet og husarbeid)

0 1 2 3 4 5 6 7 8
Ikke pavirket

10
Fullstendig pavirket

13. Forhold til andre mennesker

0 1 2 3 4 5 6 7 8
Ikke pavirket

10
Fullstendig pavirket

14. Sgvn

Ikke %avirket 1

10
Fullstendig pavirket

15. Livsglede

Ikke %évirket 1

FuII]s'Pendig pavirket

. Tusen takk for hjelpen!
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Trondheim Palliative Assessment Tool Dato Tidspunkt
Fyll ut skjemaet for ki 12 og etter kI 18 hver dag Dag
Hvordan har du det i dag?
Smerte - iro I I
Ingen 0 1 2 3 4 6 9 10 Verst tenkelig
Smerte - ved bevegelse | i
Ingen 0 1 2 3 4 6 9 10 \Verst tenkelig
Slapphet I I
Ingen 0 1 2 3 4 6 9 10 Verst tenkelig
Kvalme I I
Ingen 0 1 2 3 4 6 9 10 Verst tenkelig
Tungpust I I
Ingen 0 1 2 3 4 6 9 10 Verst tenkelig
Munntgrrhet I I
Ingen 0 1 2 3 4 6 9 10 \Verst tenkelig
Matlyst I {
Meget bra 0 1 2 3 4 6 9 10 Verst tenkelig
Angst/uro I 1
Ingen 0 1 2 3 4 6 9 10 Verst tenkelig
Trist / deprimert I I
Ingen 0 1 2 3 4 6 9 10 Verst tenkelig
Alt tatt i betraktning, hvordan har du det i dag?
I I
Meget bra 0 1 2 3 4 6 9 10 Verst tenkelig
Utfylt av:
Ikke utfylt fordi: (sov, trott,glemte det..........
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n
Y
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1. ORIENTERING Maksimal skar

Hvilket ar er det?
Hvilken maned er det?
Hvilken arstid er det?
Hvilken dato er det 1 dag?
Hvilken dag er det 1dag?

I hvilket land er vi nd?

I hvilken landsdel er vi na?
I hvilken by er vi na?

I hvilket sykehus er vi na? (Hva er din hjemmeadresse?)

PR, R R RRRRRR

I hvilken avdeling er vi na? (Hvilket postnummer har du?)

2. LAERING

Si 3 ord. Bruk 1 sekund til & uttale hvert ord.
OST - SYKKEL - BOK. Be pasienten gjenta alle 3 ordene.
Gjenta ordene, inntil pasienten har lgert dem, og kan huske dem

I I N | I [ | |

Noter antall forsgk []

3. ABSTRAKT TENKNING
Stav ordet SVERD baklengs. [] 5
Ett poeng for hver riktig bokstav sagt i den rette rekkefglge.
Alternativt: Start med tallet 100. Trekk fra 7, rekk fra 7 igjen, og
fortsett subtraksjonen i alt 5 ganger.

4 KORTTIDHUKOMMELSE

Kan du si meg de ordene du skulle huske for litt siden? |:| 3
(OST - SYKKEL - BOK)

5. HOYERE KORTIKALE FUNKSJONER

Vis fram en blyant. Hva er dette? []

Vis fram en klokke. Hva er dette? |:|

Gjenta fglgende setning: "Aldri annet enn om og men." |:| 1
Ta et stykke papir med din hgyre hand. Brett det over pa midten og legg

det pa gulvet. [] 3
Les og utfar: "Lukk gynene dine." [] 1
Skriv en setning. [] 1
Kopier denne tegningen. [] 1
Total skar D:‘ 30
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PAIN — CLINICAL AND PHARMACOGENETIC ASPECTS

501.Dorthe Stensvold: PHYSICAL ACTIVITY, CARDIOVASCULAR HEALTH AND
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PROGNOSTIC FACTORS IN BREAST CANCER USING MR METABOLOMICS

521. Gro Christine Christensen Lghaugen: BORN PRETERM WITH VERY LOW BIRTH WEIGHT
— NEVER ENDING COGNITIVE CONSEQUENCES?
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525.Inger @kland: BIASES IN SECOND-TRIMESTER ULTRASOUND DATING RELATED TO
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TRANSCRIPTOMICS AND METABOLOMICS
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