
WO 20 0 5/0 8 236 9 PCT/CA200 4/0 01 5 7 8  Title: OPIOID DELIVERY
SYSTEM FIELD OF THE INVENTION [0001] , This invention relates to
pharmaceutical preparations and methods  of administering same and,
more particularly, to opioid based analgesics and a  5 method for their
administration. BACKGROUND OF THE INVENTION [0002] Opioids are
among the oldest drugs in existence, and remain a  mainstay of pain
management. Opium, the original opioid, is derived from poppy  plants.
"Opiates" are natural derivatives of opium, and include morphine, 10
methadone, and heroin. "Opioids" are a broader class of drugs, that
includes  opium, opiates, and synthetic drugs with the same
pharmacological effect of  opium. Commonly used synthetic opioids
include meperidine, fentanyl, alfentanil,  sufentanil, and remifentanil.
[0003] Opioids are believed to exert their effects through binding of the mu
15 receptor in the spinal cord and brain, and peripheral tissues. Binding at
the mu  receptor induces a wide variety of pharmacological effects,
including therapeutic  effects such as analgesia, effects which may be
viewed as either side effects or  therapeutic effects, depending on context,
including sedation and decreased  bowel motility, side effects such as
nausea, vomiting, urinary retention, pruritis, 20 ventilatory depression,
addiction, and toxicity such as severe ventilatory  depression, loss of
consciousness and death. [0004] Opioids differ from each other in many
ways, including their route  of delivery, their physicochemical composition,
their drug absorption rate, their  pharmacokinetics, and their
pharmacodynamics. Noninvasive routes of opioid 25 delivery include oral,
rectal, transdermal, transmucosal, and via inhalation.  Invasive routes of
opioid delivery include intravenous, intramuscular, epidural,  spinal, and
by injection into joints. When injected intravenously, some opioids  quickly
enter the brain and spinal cord and thus have a very rapid onset of drug
effect (e.g., alfentanil and remifentanil), while others are absorbed slowly
to the 30 site of action and have very slow onset of drug effect (e.g.,
morphine). Similarly,  for some opioids the drug effect is very short-lived,
owing to very rapid  metabolism (e.g., remifentanil), while other opioids
may have very slow 



We 2005/082369 PCPIC12004/001578  -2 metabolism and prolonged
effect (e.g., methadone). In terms of  pharrnacodynamics, the potency of
opioids covers nearly 5 orders of magnitude,  from extraordinarily potent
opioids such as carfentanil and etorphine (both used  to stun elephants) to
relatively less potent drugs such as methadone and 5 morphine. The
equivalent potencies of opioids (measured as a "therapeutic  equivalence
ratio") are well established in the literature, and are often used when
changing a patient's treatment regimen from one opioid to another. [0005]
Despite these differences, ail opioids have the same potential to  produce
both profound levels of analgesia, and profound toxicity from hypoxia,  10
which can be fatal. Because of the risk of hypoxia, physicians are
reluctant to use appropriate doses of opioids to treat acute and chronic
pain. As a result,  hundreds of thousands of patients who could be
provided better pain control  receive inadequate doses of opioids.
Conversely, even with an understandably  cautious approach by the
health care community to treatment of pain, every  15 year, many patients
die from opioid-induced ventilatory depression. [0006] Pain is highly
variable and highly subjective. Different patients  respond differently to
opioids. As a result, different patients need different  amounts of analgesia
to treat their pain. As such, it has become desirable to  allow patients to
vary the amount of analgesic they receive. 20 [0007] One attempt to better
adjust opioid dosing in patients has been the  introduction of "patient
controlled analgesia" ("PCA") (Ballantyne JC, et at.  Postoperative
patient-controlled analgesia: Meta-analyses of initial randomized  control
trials. J Olin Anesth 1993:5:182-193.) With the PCA system, the patient
must be awake, and must activate a delivery mechanism to receive more
opioid, 25 before the drug is given. If the patient becomes overdosed from
the opioid, then  the patient will become unconscious and not request
additional drug. In this  manner, the PCA system uses a side effect of
opioid, sedation, to limit the  amount of opioid given. One problem with the
PCA system is that the drug is  injected rapidly after the patient requests it
(typically, the time frame of 30 administration of drug is under 1 minute)
and because the drug most frequently  used in the PCA is morphine, a
drug that is slowly transferred from the plasma to  



the site of action - this results in a delay between the patient request for
drug and  the analgesic effect of the drug. As a result of this delay,
patients often request WO 2005/0523(') PCT/CA2004001578 a second (or
third) dose of the drug while the opioid effect level of the first  injection is
still rising. PI-IA systems include a "lockout" period (commonly 5
minutes), which helps prevent patients from administering more opioid
while the  opioid drug effect is still rising. Lockout periods are typically
controlled, defined 5 or programmed by the health care provider, and
there have been many  instances where user error or inadvertence in
programming the lockout period  have resulted in the death of the patient.
The patient also often feels frustrated  by the lockout, as it diminishes the
patients' control of dosing. Other  disadvantages of the PCA include the
invasive parenteral (intravenous) 10 administration as well as the
expensive infusion pumps thus restricting the use of  the PCA to
institutionalized patients. [0008] A second attempt to better adjust opioid
dosing in patients is in the  self-administration of Nitrous Oxide during
labour associated with childbirth. A  nitrous oxide mask is held to the face
by the patient during contractions, and is 15 released from the face when
adequate analgesia is achieved. However, this  mechanism is a titration to
analgesic effect and not used as a safety mechanism,  since overdosing
on nitrous oxide using this system of administration is not a  significant
concern. Furthermore, nitrous oxide is a gas which requires a heavy  steel
tank for storage and a complex delivery system for administration. 20
Therefore, the use of nitrous oxide is primarily restricted to the hospital
environment and not for ambulatory patients. An additional potential
problem  with nitrous oxide relates to its low potency and thus the
necessity of  administering a high concentration (more than 50%) of
nitrous oxide in oxygen  with a potential of a hypoxic mixture. 25 [0009]
The current invention seeks to use two physiological responses of
opioids: sedation and ventilatory depression, to limit the total dose of
opioids that  patients receive. In this manner, the invention seeks to
increase safety of opioid  drug delivery beyond what is currently
accomplished with PCA or other existing  opioid administration methods
whereby only a single side effect, is used to limit 30 the exposure of
patients to dangerously high levels of opioid drug effects. The  



invention also improves the use of sedation by removing the need for a
"lockout"  period, currently required in PCA systems, and removing the
frustration and user  error possible therein. WO 2005/082_369
PCT/CA2004/001578  SUMMARY OF THE INVENTION [0010]
Accordingly, the invention provides in accordance with a first  aspect, an
opioid formulation for use in a method of providing analgesia-to a  patient
while avoiding toxicity; said method comprising continuously inhaling the 5
formulation using a pulmonary drug delivery device to produce analgesia,
and  stopping inhalation when satisfactory analgesia is achieved or at the
onset of a  side effect; said pulmonary drug delivery device being adapted
to deposit  particles of the formulation in the lungs at an effective rate; said
formulation  comprising an effective amount of at least one rapid-onset
opioid and at least 10 one sustained-effect opioid, and a pharmaceutically
acceptable carrier, the  concentration and type of each opioid being
selected so that, during inhalation,  analgesia is achieved before the onset
of said side effect, and the onset of said  side effect occurs before the
onset of toxicity, and so that the maximum total  opioid plasma
concentration does not reach toxic levels, whereby the onset of 15 said
side effect can be used by the patient to terminate inhalation to avoid
toxicity. [0011] In one embodiment, the formulation is such that the
concentration  and type of each opioid is selected so that the maximum
total opioid plasma  concentration at the onset of side effect is no less
than 66%, or no less than 80%  20 of the maximum total opioid plasma
concentration. [0012] In another embodiment, the formulation is such that
the at least  one rapid-onset opioid is fentanyl, aifentanil, sufentanil or
remifentanil. [0013] In another embodiment, the at least one
sustained-effect opioid is  morphine, morphine-6-glucuronide, methadone,
hydromorphone, meperidine, an  25 opioid encapsulated in a
biocompatible carrier that delays release of the drug at the lung surface,
or a liposomally encapsulated opioid. The liposomally  encapsulated
opioid may be liposomally encapsulated fentanyl. [00141 In one
embodiment, the opioid formulation has a total opioid  concentration of
from 250 to 1500 mcg/ml. 



30 [0015] In one embodiment, the opioids in the formulation consist of free
fentanyl and liposomally encapsulated fentanyl. WO 2005/082369 PC
/CA2004/001578  [0016] In one embodiment, the ratio of concentration of
free fentanyl to  iiposoma.lly encapsulated fentanyl is 1:5 to 2:1. [0017] In
another embodiment, the ratio of concentration of free fentanyl  to
liposomally encapsulated fentanyl is about 2:3. 5 [0018] In another
embodiment, the opioid formulation contains free  fentanyl in a
concentration of from 100 to 750 rncg/ml. [0019] In another embodiment,
the opioid formulation contains liposomally  encapsulated fentanyl in a
concentration of from 250 to 1500 mcg/ml. [0020] In another embodiment,
the opioid formulation has a total opioid  10 concentration of about 500
mcg/ml, a free fentanyl concentration of about 200  mcg/ml and a
liposomally encapsulated fentanyl concentration of about 300  mcg/ml.
[0021] In another embodiment, the formulation contains two or more
different opioids, excluding a formulation wherein the only two opioids are
free  15 fentanyl and liposomally encapsulated fentanyl. [0022] In another
embodiment, the opioids in the formulation consist of  alfentanil and
morphine. [0023] In another embodiment, the formulation contains
alfentanil in a  concentration of from 300 to 6700 mcg/ml. 20 [0024] In
another embodiment, the formulation contains morphine in a
concentration of from 650 to 13350 mcg/ml. [0025] Another aspect of the
invention is a method of administering an  opioid formulation to provide
analgesia to a patient while avoiding toxicity,  comprising the steps of: 25
continuously inhaling the formulation using a pulmonary drug  delivery
device adapted to deliver aerosol particles of the formulation into the
lungs at an effective rate to produce analgesia; and stopping inhalation
when satisfactory analgesia is achieved or at  the onset of a side effect;
30 wherein the formulation comprises an effective amount of at least  



one rapid-onset opioid and a pharmaceutically acceptable carrier; the \VO
Z00u 052369 f :'r/t~;:,20514/0015?S concentration and type of each
opioid, anc effective rate of delivery of the  pal'?1 ie being selected- So
1..at, during :n iaiation, analgesia is achieved before the onset of said side
effect, and the onset of said side effect occurs before the  onset of toxicity;
and so that the maximum total opioid plasma concentration  5 does no
reach toxic levels, whereby the onset of said side effect can be used by
the patient to terminate ininalatior, to avoid toxicity. [0026] In one
embodiment, the formulation is dispensed by the pulmonary  drug delivery
device at a mass medium aerodynamic diameter of from 1 to 5  microns.
10 [0027] In another embodiment, the formulation is dispensed by the
pulmonary drug delivery device at a mass medium aerodynamic diameter
of  from 1 to 3 microns. [0028] In another embodiment, the formulation is
dispensed by the  pulmonary drug delivery device at a mass medium
aerodynamic diameter of  15 from 1.5 to 2 microns. [0029] An other
embodiment of the invention is the method wherein the  concentration and
type of each opioid is selected so that the maximum total  opioid plasma
concentration at the onset of side effect is no less than 660/c, or  80% of
the maximum total opioid plasma concentration. 20 [0030] An other
embodiment of the invention is the method wherein the at  least one
rapid-onset opioid is chosen from fentanyt, affentanil. sufentanil and
remif'entanil. [0031] An other embodiment of the invention is the method
further  comprising an effective amount of at least one sustained-effect
opioid to provide  05 sustained relief, wherein the concentration and type
of each opioid in the formulation is selected so that, during inhalation,
analgesia is achieved before  the onset of said side effect, and the onset
of said side effect occurs before the  onset of toxicity, and so that the
maximum total opioid plasma concentration  does not reach toxic levels,
whereby the onset of said side effect can be used by  3C the patient to
terminate inhalation to avoid toxicity. [-0032] An other embodiment is the
method wherein the at least one  



sustained-effect opioid is chosen from morphine morphine-16-glucuronide,
methadone, hydrornorphone, meperidine, an opioid encalusulated in a
WO 2005/0,2(9 PC IVCA21!(Id.,/0015 ; 5 biocornpatible carrier that delay
release of the drug a: the lung surface, and a  liposomally encapsulated
opioid. [0033] Another embodiment is the method wherein the liposomally
encapsulated opioid is liposornaliy encapsulated fentanyl. 5 [0034]
Another embodiment is the method wherein the at least one
sustained-effect opioid is chosen from morphine and liposomaliy
encapsulated  fentanyl. [0035] Another embodiment is the method
wherein the opioids in the  formulation consist of free fentanyl and
liposomally encapsulated fentanyl. 10 [0036] Another embodiment is the
method wherein the ratio of  concentration of free fentanyl to liposomally
encapsulated fentanyl is from 1:5 to  2:11. [0037] Another embodiment is
the method wherein the ratio of  concentration of free fentanyl to
liposornally encapsulated fentanyl is about 2:3.  15 [0038]. Another
embodiment is the method wherein the total opioid  concentration is from
250 to 1500 mcg/mi. [0030] Another embodiment is the method wherein
the formulation  comprises free fentanyl in a concentration of from 100 to
750 mcg/ml. [0040] Another embodiment is the method wherein the
formulation  20 comprises liposomally encapsulated fentanyl in a
concentration of from 250 to  1500 mcg/mi. [0041] Another embodiment is
the method wherein the total opioid  concentration is about 500 mcg/ml,
the free fentanyl concentration is about 200  mcg/ml and the liposomally
encapsulated fentanyl concentration is about 300  25 mcg/ml. [0042]
Another embodiment is the method wherein from 4 to 50 mcg/min.  of free
fentanyl is deposited in the lungs during inhalation. [0043] Another
embodiment is the method wherein from 10 to 20  nog/min. of free
fentanyl is deposited in the lungs during inhalation. 30 [0044] Another
embodiment is the method wherein about 15 mcg/min, of  



free fentanyl is deposited in the lungs during inhalation. WO 2005/082361)
PC r~cAZOOJro01578 8- [0045] Another embodiment is the method
wherein from 5 to 150  mcg/min:. of liposomally encapsulated fenianvl is
deposited in the lungs during  inhalation. [0046] Another embodiment is
the method wherein from 10 to 90  5 mcg/min. of liposomally
encapsulated fentanyl is deposited in the lungs during  inhalation. [0047]
Another embodiment is the method wherein from 15 to 60  mcg/min. of
liposomally encapsulated fentanyl is deposited in the lungs during
inhalation. 10 [0048] Another embodiment is the method wherein from 20
to 45  mcg/min. of liposomally encapsulated fentanyl is deposited in the
lungs during  inhalation. [0049] Another embodiment is the method
wherein from 5 to 200  mcg/min. of total opioid is deposited in the lungs
during inhalation. 15 [0050] Another embodiment is the method wherein
from 10 to 40  mcg/min. of total opioid is deposited in the lungs during
inhalation. [0051] Another embodiment is the method wherein from 30 to
35  mcg/min. of total opioid is deposited in the lungs during inhalation.
[0052] Another embodiment is the method wherein the formulation  20
comprises two or more different opioids, excluding a formulation wherein
the  only two opioids are free fentanyl and liposomally encapsulated
fentanyl. [0053] Another embodiment is the method wherein the
administration  takes place over between 50 and 500 inhalations. [0054]
Another embodiment is the method wherein the opioids in the  25
formulation consist of alfentanil and morphine. [0055] Another
embodiment is the method wherein the formulation  contains alfentanil in a
concentration of from 300 to 6700 mcg/ml. [0056] Another embodiment is
the method wherein from 100 to 500  mcg/min of alfentanil is deposited in
the lungs during inhalation. 30 [0057] Another embodiment is the method
wherein about 250 mcg/min of  



alfentanil is deposited in the lungs during inhalation. [0058] Another
embodiment is the method wherein the formulation  contains morphine in
a concentration of from 650 to 13350 mcglmi. WO 2005/082369
PC'C/CA2004/001578  9 [0059] Another embodiment is the method
wherein from 100 to 2000  mcg/min of morphine is deposited in the lungs
during inhalation. [0060] Another embodiment is the method wherein from
200 to 1000  rncg/min of morphine is deposited in the lungs during
inhalation. 5 [0061] Another embodiment is the method wherein about 500
mcg/min of  morphine is deposited in the lungs during inhalation, [0062]
Another aspect of the invention is the use of a side effect of an  opioid in
preventing opioid toxicity. [0063] Another aspect of the invention is a
pulmonary drug delivery device  10 containing an opioid formulation for
producing analgesia in a patient, comprising:  a container containing a
formulation as described above; an outlet coupled to the container; means
coupled to the container for dispensing particles of said  formulation
through said outlet and into the lungs through actuation by conscious  15
patient effort and at an effective rate whereby, during inhalation, analgesia
is achieved before the onset of an opioid side effect, and the onset of said
side  effect occurs before the onset of toxicity, and so that the maximum
total opioid  plasma concentration does not reach toxic levels, and
whereby the onset of said  side effect can be used by the patient to
terminate inhalation to avoid toxicity. 20 [0064]Another aspect of the
invention is a pulmonary drug delivery device  containing an opioid
formulation for producing analgesia in a patient, said device  comprising: a
container containing a formulation comprising an effective  amount of at
least one rapid-onset opioid and a pharmaceutically acceptable  25
carrier; an outlet coupled to the container; means coupled to the container
for dispensing particles of said  formulation through said outlet and into
the lungs, said means requiring  



conscious patient effort to be actuated; WO 2005/082349
VC['/CA2001/001578  -10 wherein the concentration and type of each
opioid and effective  rate of delivery of the particles are selected so that,
during inhalation, analgesia  is achieved before the onset of said side
effect, and the onset of said side effect  occurs before the onset of toxicity,
and so that the maximum total opioid plasma 5 concentration does not
reach toxic levels, whereby the onset of said side effect  can be used by
the patient to terminate inhalation to avoid toxicity. [0065] Another
embodiment is the device further comprising delivery rate  controlling
means for limiting the rate at which the formulation is dispensed to  below
a selected threshold. 10 [0066] Another embodiment is the device wherein
the outlet comprises a  fenestration which must be sealed by the lips of
the patient in order for the  formulation to be dispensed. [0067] Another
embodiment is the device wherein the dispensing means  is breath
actuated. 15 [0068] Another embodiment is the device wherein the
particles have a  mass medium aerodynamic diameter of from 1 to 5
microns. [0069] Another embodiment is the device wherein the particles
have a  mass medium aerodynamic diameter of from 1 to 3 microns.
[0070] Another embodiment is the device wherein said particles have a
20 mass medium aerodynamic diameter of from 1.5 to 2 microns. [0071]
Another embodiment is the device wherein the concentration and  type of
each opioid is selected so that the maximum total opioid plasma
concentration at the onset of side effect is no less than 66% of the
maximum  total opioid plasma concentration. 25 [0072] Another
embodiment is the device wherein the concentration and  type of each
opioid is selected so that the maximum total opioid plasma  concentration
at the onset of side effect is no less than 80% of the maximum  total opioid
plasma concentration. [0073] Another embodiment is the device wherein
the at least one rapid- 30 onset opioid is chosen from fentanyl, alfentanil,
sufentanil and remifentanil.  



[0074] Another embodiment is the device further comprising an effective
amount of at least one sustained-effect opioid to provide sustained relief,
wherein the concentration and type of each opioid in the formulation is
selected WO 24)0,/082369 1'C1'/CA2004/001578 so that, during
inhalation, analgesia is achieved before the onset of said side  effect, and
the onset of said side effect occurs before the onset of toxicity, and  so
that the maximum total opioid plasma concentration does not reach toxic
levels, whereby the onset of said side effect can be. used by the patient to
5 terminate inhalation to avoid toxicity. [0075] Another embodiment is the
device wherein the at least one  sustained-effect opioid is chosen from
morphine, morphine-6-glucuronide,  methadone, hydromorphone,
meperidine, an opioid encapsulated in a  hiocompatible carrier that delays
release of the drug at the lung surface, and a  10 liposomally
encapsulated opioid. [0076] Another embodiment is the device wherein
the liposomally  encapsulated opioid is liposomally encapsulated fentanyi.
[0077] Another embodiment is the device wherein the at least one
sustained-effect opioid is chosen from morphine and liposomally
encapsulated  15 fentanyl. [0078] Another embodiment is the device
wherein the opioids in the  formulation consist of free fentanyl and
liposomally encapsulated fentanyl. [0079] Another embodiment is the
device wherein the ratio of  concentration of free fentanyl to liposomally
encapsulated fentanyl is from 1:5 to  20 2:1. [0080] Another embodiment
is the device wherein the ratio of  concentration of free fentanyl to
liposomally encapsulated fentanyl is about 2:3.  [0081] Another
embodiment is the device wherein the total opioid  concentration is from
250 to 1500 mcg/ml. 25 [0082] Another embodiment is the device wherein
the formulation  comprises free fentanyl in a concentration of from 100 to
750 mcg/ml. [0083] Another embodiment is the device wherein the
formulation  comprises liposomally encapsulated fentanyl in a
concentration of from 250 to  1500 mcg/ml. 



30 [0084] Another embodiment is the device wherein the total opioid
concentration is about 500 mcg/ml; the free fentanyl concentration is
about 200  mcg/ml and the liposomally encapsulated fentanyl
concentration is about 300  mcg/ml. WO 20055/OS2364
A('T7CA2001/001578  12 [()()85] Another embodiment is [he device
wherein from 4 to 50 mcg/n;in,  of free fentanyl is deposited in the lungs
during inhalation. [0086] Another embodiment is the device wherein from
10 to 20 mcg/rnin_  of tree fentanyl is deposited in the lungs during
inhalation. 5 [0087] Another embodiment is the device wherein about 15
mcg/min. of  free fentanyl is deposited in the lungs during inhalation.
[0088] Another embodiment is the device wherein from 5 to 150 mcg/min.
of liposomally encapsulated fentanyl is deposited in the lungs during
inhalation.  [0089] Another embodiment is the device wherein from 10 to
90 mcg/min. 10 of liposorally encapsulated fentanyl is deposited in the
lungs during inhalation.  [0090] Another embodiment is the device wherein
from 15 to 60 mcg/min.  of liposomally encapsulated fentanyl is deposited
in the lungs during inhalation.  [0091] Another embodiment is the device
wherein from 20 to 45 mcg/min.  of liposomally encapsulated fentanyl is
deposited in the lungs during inhalation. 15 [0092] Another embodiment is
the device wherein from 5 to 200 mcg/min,  of total opioid is deposited in
the lungs during inhalation. [0093] Another embodiment is the device
wherein from 10 to 40 mcg/min.  of total opioid is deposited in the lungs
during inhalation. [0094] Another embodiment is the device wherein from
30 to 35 mcg/min.  20 of total opioid is deposited in the lungs during
inhalation. [0095] Another embodiment is the device wherein the
formulation  comprises two or more different opioids, excluding a
formulation wherein the  only two opioids are free fentanyl and liposomally
encapsulated fentanyl. [0096] Another embodiment is the device wherein
the opioids in the  25 formulation consist of alfentanil and morphine.
[0097] Another embodiment is the device wherein the formulation contains
alfentanil in a concentration of from 300 to 6700 mca/ml. 



[0098] Another embodiment is the device wherein from 100 to 500
mcg/min of alfentanil is deposited in the lungs during inhalation. 30
[0090]Another embodiment is the device wherein about 250 mcg/min of
alfentanil is deposited in the lungs during inhalation. [0100] Another
embodiment is the device wherein the formulation contains  morphine in a
concentration of from 650 to 13350 mcg/ml. VV6 2005/(182360
PC1JCA2004/001 578  [0101] Another embodiment is the device wherein
from 100 to 2000  rncg/min of morphine is deposited in the lungs during
inhalation. [0102] Another embodiment is the device wherein from 200 to
1000  mcg/min of morphine is deposited in the lungs during inhalation. 5
[0103] Another embodiment is the device wherein about 500 mcg/ruin of
morphine is deposited in the lungs during inhalation, [0104] Another
embodiment is the device wherein the means dispenses  between 0.2% to
1% of the formulation per inhalation. [0105] Another aspect of the
invention is an opioid administration kit  10 comprising: a pulmonary drug
delivery device as described above; and  instructions for using said device
comprising the steps of  continuously inhaling the formulation using said
device and stopping inhalation  when satisfactory analgesia is achieved or
at the onset of a side effect. 15 [0106] Another aspect of the invention is
an opioid administration kit  comprising: a formulation comprising an
effective amount of at least one  rapid-onset opioid and a
pharmaceutically acceptable carrier; a pulmonary drug delivery device
comprising a container, an  20 outlet coupled to the container, means
coupled to the container for dispensing  particles of formulation contained
therein through said outlet and into the lungs  through actuation by
conscious patient effort and at an effective rate whereby,  during
inhalation, analgesia is achieved before the onset of an opioid side effect,
and the onset of said side effect occurs before the onset of toxicity, and so
that 25 the maximum total opioid plasma concentration does not reach
toxic levels, and  whereby the onset of said side effect can be used by the
patient to terminate  



inhalation to avoid toxicity: and W 0 2005/082360 I'Q "C/CA2001/001,78
14 instructions for using said device comprising the steps of  filling the
container with the formulation, continuously inhaling the formulation  using
said device, and stopping inhalation when satisfactory analgesia is
achieved or at the onset of a side effect. 5 [0107] Another embodiment is
the opioid administration kit wherein said  formulation comprises and
effective amount of at least one sustained-effect  opioid. [0108] Another
aspect of the invention is an opioid formulation for use in a  method of
providing analgesia to a patient, comprising: 10 150 to 250 mcg/ml of free
fentanyl; 200 to 400 mcg/ml of liposomally encapsulated fentanyl; and  a
pharmaceutically acceptable carrier. [0109] Another aspect of the
invention is an oploid formulation for use in a  method of providing
analgesia to a patient through a pulmonary route of  15 administration,
comprising: two or more different opioids, excluding a formulation  wherein
the only two opioids are fentanyl and liposomaliy encapsulated fentanyl;  a
pharmaceutically acceptable carrier. [0110] In accordance with further
aspects of the invention, there is  20 provided a use of the present
formulation in providing analgesia to a patient and  in the manufacture of a
medicament for doing same, [0111] Useful drug formulations and
parameters for administration  according to the present invention can be
determined by the person skilled in the  art based on known
pharmacological data as well as through pharmacokinetic 25 and
pharmacodynamic modeling as herein described. Such modeling is
intended to ensure that analgesic effect is achieved before the onset of a
side  effect, and that the onset of the side effect occurs well in advance of
toxicity, and WO 2003/032369 PC I /CA2004/00I 578  -15 to ensure that
once the patient stops inhaling the formulation, there will not be a  



continued rise in total opioid concentration in the plasma to toxic levels.
BRIEF DESCRIPTION OF THE DRAWINGS [0112] Figure I is a flow
diagram which represents a computer simulation  5 model for sedation.
[0113] Figure 2 is a flow diagram which represents a computer simulation
model for ventilatory depression. [0114] Figure 3 is a flow diagram which
represents a computer simulation  model for an inhalation device. 10
[0115] Figure 4 is a flow diagram which represents a computer simulation
model for the pharmacokinetic profiling of opioid as administered to a
patient  through a pulmonary route. [0116] Figures 5A and 5B, taken
together, are a flow diagram which  represents the SteilaTM computer
simulation of the pharmacokinetics of the  15 administration of a single
opioid. Figure 5A shows the Device Model and Pharmacokinetic Model
aspects of the simulation, Figure 5B shows the  Ventilatory Depression
Model and the Sedation Model aspects of the simulation.  [0117] Figure 6
is a graph showing output of the StellaTM computer  simulation of Figures
5A and 5B (ventilatory depression and sedation models 20 disabled)
expressed as a time course of quantity of opioid in the inhalation  device
and in the lung of the patient. [0118] Figure 7 is a graph showing the time
course of ventilatory  depression in the SteilaTM computer simulation of
Figures 5A and 5B  (ventilatory depression and sedation models
disabled). 25 [0119] Figure 8 is a graph showing the time course of
quantity of opioid in  the inhalation device and in the lung of the patient. in
the SteilaTM computer  simulation of Figures 5A and 5B (ventilatory
depression model enabled, sedation  model disabled). W(32105R) 2369
'(:17(::~2004I007578  -16 [01201 Figure 9 is a graph showing the time
course of ventilatory  depression n the StellaTM computer simulation of
Figures 5A and 5B  (ventilatory depression model enabled. sedation
model disabled). [0121] Figure 10 is a graph showing the time course of
quantity of opioid  



5 in the inhalation device and in the lung of the patient, in the StellaTM
computer  simulation of Figures 5A and 513 (ventilatory depression and
sedation models  enabled). [0122] Figure 11 is a graph showing the time
course of ventilatory  depression in the StellaTM computer simulation of
Figures 5A and 5B  10 (ventilator depression and sedation models
enabled). [0123] Figure 12 is a flow diagram which represents a computer
simulation model for the administration of two opioids. [0124] Figures 13A,
138 and 13C, taken together, are a flow diagram  which represents the
StellaTM computer simulation of the pharmacokinetics of  15 the
administration of two opioids. [0125] Figure 14 is a graph showing the
output of StellaTM computer  simulation of Figures 13A, 13B and 13C
expressed as a time course of total  quantity of opioid in the inhalation
device and in the lung of the patient  (ventilatory depression and sedation
models enabled). 20 [0126] Figure 15 is a graph showing the time course
of concentration of  each opioid and of total opioid at the effect site in the
StellaTM computer  simulation of Figures 13A, 13B and 13C (ventilatory
depression and sedation  models enabled). [0127] Figure 16 is a graph
showing the time course of ventilatory  25 depression during and after
delivery of opioids in the StellaTM computer  simulation of Figures 13A.
13B and 13C (ventilatory depression and sedation  models enabled).
[0128] Figures 17A, 178 and 17C, taken together, are a flow diagram
which represents [he StellaTM computer simulation of the
pharmacokinetics of WO 2M)5/08230 PCT/CA2004/001578 the
administration of two opioids, where the two opioids being administered
are  alfentanil and morphine. Figures 17A and 17B show the Device
Model and  Pharmacokinetic Model aspects of the simulation, while Figure
170 shows the  Ventilatory Depression Model. Sedation Model, and Two
Drug Model aspects of  5 the simulation. [0129] Figure 18 is a graph
showing the time course of concentration of  alfentanil, morphine, and
combined opioid at the effect site in the StellaTM  



computer simulation of Figures 17A, 17B and 17C (ventilatory depression
and  sedation models enabled). 10 [0130] Figure 19 is a graph showing
the time course of ventilatory  depression in the StellaTM computer
simulation of Figures 17A, 17B and 17C  (ventilatory depression and
sedation models enabled). [0131] Figure 20 is a graph showing maximum
concentration of opioid in  the plasma against end of dose concentration
of opioid in the plasma of patients  15 administered opioid. Figure 20A
shows patients administered with a combination of fentanyl and
liposomally encapsulated fentanyl through a  pulmonary route. Figure 20B
shows patients administered with fentanyl  intravenously. [0132] Figure 21
is a graph showing time to side/toxic effect versus time to  20 end of dose
for the side effects and toxic effects of patients administered a
combination of fentanyl and liposomally encapsulated fentanyl through a
pulmonary route. [0133] Figure 22 is a table snowing the statistical
correlation of side effect  to toxic effect. 25 DETAILED DESCRIPTION OF
THE INVENTION [0134] In this application, the following terms have the
following meanings:  [0135] "Analgesic effect" or "analgesia' means the
relief from pain  resulting from the action of a drug. WO 2005/052369 s
PCT!CA2004/001575  -t [0136] "Drug delivery profile" means the
concentration of the drug, over  time, at the site of drug effect, as
determined by the amount and rate of drug  administered to the patient
and the pharmacokinetics relating dose inhaled to  concentration in the
lungs, plasma and at the site of drug effect. 5 [0137] "Hypoxia" is a toxic
effect of opioid administration, and is defined in  this application as a
decrease ;n blood 02 concentration to less than 90%  saturation. [0138]
"Ventilatory depression" means a decrease in the rate. tidal  volume,
and/or flow rate of air into the lungs. Ventilatory depression may  10
manifest as dizziness, shortness of breath, or a slowing in rate of
breathing. 



"Opioid induced ventilatory depression" refers to ventilatory depression
caused  by the action of an opioid at a site of drug effect. [0139]
"Sedation" means a decrease in attention, mental awareness,  focus, and
state of consciousness caused by opioids, and manifests in a lack of  15
physical strength (muscle fatigue), lack of voluntary activity, lethargy,
drowsiness, and sleep. "Opioid-induced sedation" refers to sedation
caused by  the action of an opioid at a site of drug effect. [0140] "Rapid
onset", when used to describe a drug formulation, means. a  formulation
which has an analgesic effect that rapidly follows the rise in plasma  20
opioid concentration. A "rapid onset opioid is an opioid that has an
analgesic  effect within 5 minutes of administration. [0141] "Sustained
effect" means a formulation which has an analgesic  effect that is
sustained over several hours. A "sustained effect opioid" means an  opioid
that has analgesic effect that lasts over 2 hours. 25 [0142] "Side effect"
means an effect of an opioid that is not analgesic or  toxic. For example.
severe ventilatory depression is an example of opioid  toxicity, while mild
ventilatory depression and sedation are not considered signs  of opioid
toxicity, but are side effects of the opioid. W(4 2005/082369
Pf/T/CA2004/007578 _ 19 [0143] 'Site of effect" refers to a physical at,
hypothetical site of drug action within the patient. Site of effect" may be a
compartment of the body, such  as the brain, the liver, or the spleen, or it
may he a theoretical and unknown  location based on correlation and
pharmacokinetic modeling. For example, it is 5 known that opioids exert
their analgesic actions, in part, in the substantia  gelatinosa of the spinal
cord, so this is a site of opioid anaigesic effect. The  concentration of
opioid at the effect site may be determined by direct  measurement, or
through the use of pharmacokinetic and pharmacodynamic  modeling. 10
[0144] "Effective amount" means the amount of drug needed to reach an
analgesic effect. [0145] "mass medium aerodynamic diameter" means the
aerodynamic  diameter an aerosol such that half of the cumulative mass
of all particles is  contained in particles with smaller (or larger) diameters
and wherein the 



15 aerodynamic diameter is defined as the diameter of a unit-density
sphere having  the same gravitational settling velocity as the particle being
measured. [0146] "breathing rate" means the number of breaths taken per
unit of  time. [0147] 'Titration to effect" means administering an opioid until
a  20 satisfactory analgesic effect is felt by the patient, 'then ceasing
administration of  the opioid. [0148] "Titration to side effect" means
administering an opioid until a side  effect is felt, then ceasing
administration. The ceasing of administration may be  voluntary (for
example, by instructing patients to cease administration of the 25 opioid
when they start to feel drowsy, dizzy or short of breath) or involuntary (for
example, when patients are no longer able to breathe effective dosages of
opioid  due to ventilatory depression or sedation), [0149) The terms
"toxic", "toxicity", "toxic effect" and "opioid toxicity" refer  to effects of
opioids that place a patient at risk of death. For example: opioids  30
commonly produce modest amounts of ventilatory depression that pose
little risk WO 2iFO5 052369 1'C'rh~~!~?60-C/00T578  -20 to a patient.
This is not ccnsidered an example of opioid toxicity. However,  severe
ventilatory depression poses the risk of hypoxia, loss of consciousness,
and death- Thus, severe ventilatory depression is an example of opioid
toxicity,  while mild ventilatory depression is not considered a sign of
opioid toxicity. 5 [0150] The present invention is for use in patient
self-administration of  opioids. The invention utilizes the opioid's side
effects to self-regulate the  amount of opioid given to a patient, thereby
tailoring the dose to achieve the  patient's analgesic requirements, while
avoiding toxicity and death. [0151] The use of the invention begins with
the patient's perception of  10 pain. There are many modalities of treating
mild to moderate pain, but opioids  are the mainstay of treatment for
moderate to severe pain. in response to the  moderate or severe pain,
either the patient or the patient's care provider open a  prefilled vial of
opioid in liquid solution, or, alternatively, in an emulsion. The  liquid is
added to a nebulizer. 



15 [0152] The nebulizer is then brought to the mouth, and is held there
with  the hand. The nebulizer is not attached to the face with straps, as
this prevents  the self-limiting mechanism from working. [0153] With each
breath, the nebulizer releases a small amount of the  liquid opioid as an
aerosol. The aerosol passes through the Patient's mouth. and  20 into the
trachea and lungs, where the aerosolized opioid is deposited. [0154]
Throughout this patent application, the nebulizer is also called an  inhaler
or an aerosol pulmonary drug delivery device. An inhaler may refer to
either a nebulizer or a nebulizer combined with a source of compressed
air or  oxygen, or any other aerosol generating device for the
administration of drug by 25 way of the lungs. An aerosol pulmonary drug
delivery device refers to any  device that allows the aerosolization of a
substance for delivery into the lungs.  Various nebulizer technologies are
known and available in the art. [0155] The rate of onset of opioid drug
effect is believed to be dictated by  the speed at which the opioid enters
the lungs, the rate of absorption into the  30 systemic circulation aria [he
rate at wnich the diploid crosses the blood brain WO 2005/682369 21 _
PC /CA200S/O6Y 578 harrier. Some opioids, such as alfentanil and
remifentanil, cross the blood brain  barrier very quis K=y, and t11hus
produce very ;sapid onset of drug effect. Other  opioids, such as morphine
and morphine-6-glucuronide, cross the blood brain  barrier very slowly,
and thus produce a slow onset but sustained effect. 5 [0156] As the opioid
crosses the blood brain barrier, It starts to exert  effects at the site of drug
action. Although in some instances, patients may feel  effects differently,
typically, as concentration of opioid increases, the effects felt  are
analgesic effect, side effect, and toxic effect, in that order. [0157]
Ventilatory depression is up and down regulated by the opposing  10
actions of opioids (which depress ventilation) and carbon dioxide (which
increases ventilation). This occurs in a feedback loop as follows: initially
the  opioids will depress ventilation. Because the patient is not exhaling as
much  carbon dioxide, the level of carbon dioxide in the patient's blood will
rise. As the  carbon dioxide rises, it stimulates ventilation, partly offsetting
the opioid-induced 15 ventilatory depression. The opioid-induced
ventilatory depression must come on  



sufficiently rapidly so that it occurs as the patient is inhaling the opioid,
thus  serving to limit the amount of opioid inhaled, However, it must not
come on so  rapidly as to place the patient at risk of toxic effects before
the carbon dioxide  has had a chance to rise and offset the opioid induced
ventilatory depression. 20 [0158] The amount of opioid inhaled by the
Patient each minute is  proportional to the ventilation during that minute.
As ventilation becomes  depressed, the rate of opioid delivery to the lungs
is depressed Proportionally. In  this way, the rate of delivery is slowed by
ventilatory depression, decreasing the  ability of the patient to
self-administer a toxic dose of opioid. The slowed uptake 25 of opioid from
ventilatory depression creates the opportunity for complete  cessation of
drug delivery through the onset of sedation. [0159] As the opioids exert
their analgesic effects, patients will become  sedated, in part from the
mitigation of their pain, in part due to the side effects of  the opioids. As
sedation develops in patients, it becomes difficult to hold the 30 device to
the mouth, maintain a seal with the lips. and breathe through the  device
to administer additional opioid. Instead, the patient begins to breathe WO
2005/0x2369 PCTKcA2004/001578  22 through the nose, or through the
mouth but around the mouthpiece of the  nebulizer, With increasing
sedation, the arm drops away from the airway,  removing the device from
the mouth. This dropping away of the arm may be  encouraged to take
place at a lower level of sedation by making the device 5 deliberately
heavy, or by adding a weight to the device. Weight of the device  can be
adjusted from patient to patient, depending on the individual patient's
strength pre-sedation. [0160] Since the side effects of the opioids typically
occur at lower opioid  concentrations (as compared to the opioid toxic
effects), a safer, patient self- 10 limited opioid administration has been
created through the pulmonary administration of an opioid (or a
combination of opioids) at a rate sufficiently slow  to allow for a time gap
between the onset of side effects and the onset of toxic  effects. The rate
must also be slow enough (as compared to the rate of onset of  the opioid)
to allow for the onset of side effects while the dose is being  15
administered. 



[0161] In a clinical study relating to this invention, healthy subjects were
directed to inhale a fixed dose of the fentanyl formulation consisting of
rapidly  acting free fentanyl and sustained acting liposomal encapsulated
fentanyl over  10-25 minutes. In this study, several subjects attempted to
self-limit the dose and 20 required external assistance to receive the
entire dose. Some subjects self- limited the dose because of
opioid-induced ventilatory depression, with a  decrease in ventilation rate
reducing the amount of drug inhaled. Other subjects  self-limited the dose
because of sedation, and their inability to hold the device to  the mouth to
continue inhaling fentanyl. Some subjects exhibited both side 25 effects.
The trial demonstrated that patient will, in fact, self-limit fentanyl
administration via the pulmonary route before a toxic level of fentanyl is
administered, when 1) the drug is intended to be inhaled over a
deliberately  extended period of time (e.g. up to 25 minutes), 2) opioid
induced ventilatory  depression occurs while the drug is being given (and
before a toxic dose is 30 administered), and/or 3) sedation occurs while
the drug is being given (and  before a toxic dose is administered). We
have found that these factors can be 11 w0 2005/082369
PCT/CA2004/04)7578  "2 controlled by designing the rate at which an
opioid is given to a patient  accordingly. [0162] Preferably, the opioid
formulation is administered over 4-25  minutes. The total amount of opioid
administered over the 4-25 minutes will  5 depend on several factors,
including the type of opioid or combination of opioids delivered, and the
mass medium aerodynamic diameter (MMAD) of the particles  being
inhaled. This administration period results in a rate of onset to effect that
is influenced by the rate of administration and affords the patient the ability
to  involuntarily self-limit the dose through the onset of ventilatory
depression and 10 sedation. We have found that. for an
alfentanil/morphine combination drug, a  range of 100-500 mcg/min of
altentanil and 200-1000 mcg/min of morphine is  optimal (measured as
drug delivered to the lung of the patient ("systemically  available drug")).
[0163] For a tree and liposomally encapsulated fentanyl formulation, we
15 have found that the levels for systemically available drug to be
optimum at 10-25  



mcg/min of free fentanyl and 10-50 mcg/min of liposomally encapsulated
fentanyl. [0164] For other opioid formulations, we expect that a
therapeutically  equivalent rate of systemically available drug to have
similar advantages. 20 [0165] In order to prevent peaks of opioid effect
that are more potent than  the concentration at which patients stop taking
the drug in a multiple opioid  formulation with at least one rapid-onset
opioid and at least one sustained effect  opioid, we expect that the ratio of
sustained-effect opioid to rapid-onset opioid  administered should be less
than 1:1 in terms of therapeutic equivalent potency. 25 [0166] Another
factor affecting the rate of administration of opioid is the  patient's
breathing rate. We have found that a breathing rate of 10-15 breaths  per
minute (i.e. a "normal" breathing rate) is preferred. [016'7] Opioid
response is highly individualized. This reflects, in part,  varying levels of
painful stimulation. In the presence of very severe pain, very  30 high
doses of opioids can be administered without undue toxicity. Patients
being WO 2005/082369 PCT/CA2004/00I578  Z4 administered chronic
opioids require higher doses to produce both the desired  therapeutic
effects and opioid toxicity. This also reflects the deveiopment of  tolerance
to opioids. Physicians have sought improved means of administering
opioids in part because of the wide range of doses required to adequately
tailor  5 the opioid to the needs of individualized patients. [0168] With the
described invention, patients who need large doses of  opioids to provide
analgesia can elect to administer either a larger volume of  drug (inhaled
over a longer period of time), or can be offered a more  concentrated
solution of drug to be inhaled over the expected 4-25 minutes, 10 Either
way, the opioid-induced ventilatory depression and sedation will still
attenuate, and eventually terminate, drug administration before toxic
doses are  inhaled. Preferably, the patient will inhale the drug over a
longer period of time.  Conversely, a patient who requires only a small
dose will experience the desired  pain relief after a shorter inhalation
period. The patient can elect to not inhale 15 additional drug. The patient
who unwisely continues to self-administer opioid  despite obtaining the
desired pain relief will experience ventilatory depression  



and sedation, which will then either voluntarily (according to the
instructions  given to the patient) or involuntarily (due to the side effects
themselves)  attenuate and subsequently terminate drug administration
before inhalation of a 20 toxic dose of opioid. The patient is therefore
empowered to self-titrate to  analgesic effect, without a lockout period and
with a lower risk of toxicity. [0169] The selection of opioid and opioid
concentration (as disclosed  above, or otherwise) for the device requires
consideration of the time course of  opioid absorption from the lung into
the plasma, and the time course of opioid 25 transfer from the plasma into
the site of drug effect (e.g.. the brain or spinal  cord). [0170] Some opioids
are associated with very rapid absorption from the  lung into the systemic
circulation. For example, the absorption of free fentanyl  from the lung into
the Plasma is nearly instantaneous. This would likely be true of 30
remifentanil, aifentanii, and sufentanil as well. The absorption of free
fentanyl WO 21105/082369 T'CTIC`A200l!o0 57$ released from the
liposemal encapsulated fentanyl from the lung to the plasma is  far slower.
[0-171] Some opioids are associated with very rapid transfer from the
plasma to the site of drug effect For example, peak affentanil and
remifentanil  5 concentrations at the site of drug effect occur within 2
minutes of intravenous injection. Other opioids are associated with very
slow transfer from the plasma to  the site of drug effect. For example, the
peak drug effect from an intravenous  dose of morphine may be delayed
by 10-15 minutes from the time of the  injection. 10 [0172] For the self
limiting opioid delivery system to work, one of the  opioids should have
both rapid transfer from the lungs to the plasma, and rapid  transfer from
the plasma to the site of opioid drug effect. Fentanyl, alfentanil,  sufentanil,
and remifentanil all have this characteristic (rapid onset). It may be  that
meperidine and methadone also have this effect, but that is not presently
15 known. Although it is possible to obtain the required parameters of the
invention  with a single opioid, we have found that combining the rapid
onset opioid with a  slower acting, but sustained effect opioid gives a
preferred result, as the patient  



typically feels analgesic effect for longer periods of time with such a
combination,  [0173] If the desire is to maintain the opioid analgesic effect,
then it may 20 be necessary to combine the rapid onset opioid with an
opioid that has a slower  onset, but sustained effect. Examples of such
formulations include (1) a  formulation of fentanyl and liposomal
encapsulated fentanyl, (2) a formulation of  remifentanil, alfentanil,
sufentanil, or fentanyl in combination with morphine, and  (3) a formulation
of remifentanil, alfentanil, sufentanil, or fentanyl in combination 25 with
methadone. Care must be taken to prevent a second "peak" of action, at
the time of maximum effect of the sustained effect opioid, that is higher
than the  peak caused by the rapid onset opioid, which allows the patient
to feel side  effects while he or she is administering the drug. [0174] When
a rapid onset opioid is combined with an opioid with slow  30 onset and
sustained effect, the concentration of both opioids is adjusted so that  the
self-limiting effects of the rapid-onset opioid serves to limit exposure of the
WO 2005/082369 1ICT/CA2004/001578  _26_ patient to the slow-onset
opioid. The rapid onset opioid acts as an early warning  system of sorts,
triggering side effects in an adequate timeframe [0175] We have found
that side effects are experienced before toxicity is  reached. More
specifically, subjects that experienced side effects at the end of  5 dosing
or shortly after completion of dosing did not progress to toxic side effects
whereas subjects that experienced side effects during dosing and
continued or  were coached to continue to inhale drug progressed to
toxicity, specifically,  hypoxia. [0176] As can be appreciated by the above
description, creation of the  10 invention requires (1) thorough
understanding of the pharmacokinetics and  pharmacodynamics of one or
more opioids, and (2) thorough understanding of  the relationship between
opioids, carbon dioxide production and elimination, and  ventilation, (3)
careful selection of one or more opioids, and (4) precise  determination of
the optimal concentration of each opioid in the final formulation 15 in order
to achieve the desired clinical profile of the drug. The final formulation is
determined by pharmacokinetic and pharmacodynamic modeling of the
system  parameters, with dose optimization performed to find the dose
that exhibits the  



best patient safety profile while still providing an adequate analgesic
response.  20 IN THE DRAWINGS [01,77] Figure 1 is a flow diagram
which represents a computer simulation  model for sedation. In all flow
diagrams, squares represent amounts, arrows  represent rates (amounts
per unit time), and circles represent either a  calculation, rate, or constant.
25 [0178] Figure 2 is a flow diagram which represents a computer
simulation  model for ventilatory depression. [0179] Figure 3 is a flow
diagram which represents a computer simulation  model for an inhalation
device. \VO 2015/082369 PCr/CA2004/001578  -27 [0180] Figure 4 is a
flow diagram which represents a computer simulation  model for the
pharrnacokinet'ic profiling of opioid as administered to a patient  through a
pulmonary route. [0181] Figures 5A and 513, taken together, are a flow
diagram which  5 represents the SteliaTM computer simulation of the
pharmacokinetics of the  administration of a single opioid. Figure 5A
shows the Device Model and the  Pharrnacokinetic Model aspects of the
simulation, Figure 5B shows the  Ventilatory Depression Model and the
Sedation Model aspects of the simulation.  [0182] Figure 6 is a graph
showing output of the SteliaTM computer 10 simulation of Figures 5A and
5B (ventilatory depression and sedation models  disabled) expressed as a
time course of quantity of opioid in the inhalation  device, and quantity of
opioid in the lung of the patient. The X axis shows time in  minutes. The Y
axis shows dose units of formulation, in mg. The amount of  drug in the
inhaler dropped steadily over the first 10 minutes of stimulation. The 15
amount of drug in the lungs reflects the net processes of inhalation of drug
into  the lungs and absorption of drug from the lungs into the systemic
circulation.  [0183] Figure 7 is a graph showing the time course of
ventilatory  depression in the StellaTM computer simulation of Figures 5A
and 5B  (ventilatory depression and sedation models disabled). Ventilatory
depression 20 (expressed as a fraction of baseline ventilation) was
expressed over time of  simulation (in minutes). 



[0184] Figure 8 is a graph showing the time course of quantity of opioid in
the inhalation device and in the lung of the patient; in the StellaTM
computer  simulation of Figures 5A and 5B (ventilatory depression model
enabled, sedation 25 model disabled). The X axis shows time in minutes.
The Y axis shows dose  units of formulation, in mg. Patient ventilation
dropped to approximately 25% of  baseline ventilation, such depression
persisting for approximately 5-10 minutes:  [0185] Figure 9 is a graph
showing the time course of ventilatory  depression in the StellaTM
computer simulation of Figures 5A and 513 30 (ventilatory depression
model enabled, sedation model disabled). Ventilatory  depression
(expressed as a traction of baseline ventilation) was expressed over WO
20(5/082369 PCT/CA2004/001578.  -28 t ime of simulation (in minutes).
Change in ventilation caused by the sell-limitation  of opioid uptake offers
considerable safety to the patient (compared to Figure 7).  [01861 Figure
10 is a graph showing the time course of quantity of opioid  in the
inhalation device and in the lung of the patient, in the StellaTM computer 5
simulation of Figures 5A and 5B (ventilatory depression and sedation
models  enabled). The X axis shows time in minutes. The Y axis shows
dose units of  formulation, in mg. Drug inhalation stopped completely at
approximately 8  minutes, due to a sedation state being reached and
self-limitation of drug intake.  [01871 Figure 11 is a graph showing the
time course of ventilatory 10 depression in the StellaTM computer
simulation of Figures 5A and 5B  (ventilatory depression and sedation
models enabled). Ventilatory depression  (expressed as a fraction of
baseline ventilation) was expressed over time of  simulation (in minutes).
Change in ventilation caused by the self-limitation of  opioid uptake from
sedation offers considerable safety to the patient (compared  15 to Figure
7 or 9). [0188] Figure 12 is a flow diagram which represents a computer
simulation model for the administration of two opioids. [01891 Figures
13A, 13B and 13C, taken together, are a flow diagram  which represents
the StellaTM computer simulation of the pharmacokinetics of  20 the
administration of two opioids. [0190] Figure 14 is a graph showing the
output of StellaTM computer  



simulation of Figures 13A, 13B and 13C expressed as a time course of
total  quantity of opioid in the inhalation device and in the lung of the
patient  (ventilatory depression and sedation models enabled). Y axis
shows fentanyl 25 equivalents of formulation in the inhaler (1), of the
rapid-onset opioid in the lung  (2), and the sustained-effect opioid in the
lung (3), expressed in ng/ml (fentanyl  equivalents) of drug over time (in
minutes). After approximately 12 minutes, the  patient stopped inhaling
more opioid, reflecting opioid-induced sedation. [0191] Figure 15 is a
graph showing the time course of concentration of  30 each opioid and of
total opioid at the effect site in the StellaTM computer  simulation of
Figures 13A, 13B and 13C (ventilatory depression and sedation  models
enabled). Amount of rapid-onset opioid (1), sustained-effect opioid (2) WO
2005/082169 PC1/CA2004/00 1 5 73  _29 and the combination effect of
both the rapid-onset opioid and the sustained- effect opioid (3) at the site
of effect were shown, in ng/ml of fentanyl equivalents,  over time On
minutes). [0192] Figure 16 is a graph showing the time course of
ventilatory  5 depression during and after delivery of opioids in the
StellaTM computer  simulation of Figures 13A, 13B and 130 (ventilatory
depression and sedation  models enabled). Ventilatory depression
(expressed as a fraction of baseline  ventilation) was expressed over time
of simulation (in minutes). The combination  of the two opioids reaches a
peak during the administration of the first opioid. 10 [0193] Figures 17A,
17B and 17C, taken together, are a flow diagram  which represents the
StellaTM computer simulation of the pharmacokinetics of  the
administration of two opioids, where the two opioids being administered
are  alfentanil and morphine. Figures 17A and 17B show the Device
Model and the  Pharmacokinetic Model aspects of the simulation, while
Figure 17C shows the 15 Ventilatory Depression Model, the Sedation
Model, and the Two Drug Model  aspects of the simulation. [0194] Figure
18 is a graph showing the time course of concentration of  alfentanil,
morphine, and combined opioid at the effect site in the StellaTM
computer simulation of Figures 17 A, 17B and 17C (ventilatory depression
and 20 sedation models enabled). Line 1 shows concentration of
alfentanil; line 2  



shows concentration of morphine, and fine 3 shows combined
concentration. All  drug levels are shown at the site of effect, and
expressed in ng/ml of fentanyl  equivalents over time (in minutes). Drug
administration was terminated after  delivery of 90% of the drug because
of patient sedation. As seen in line 3, the  25 highest opioid exposure
occurs during inhalation, [0195] Figure 19 is a graph showing the time
course of ventilatory  depression in the StellaTM computer simulation of
Figures 17A, 17B and 17C  (ventilatory depression and sedation models
enabled). Ventilatory depression  (expressed as a fraction of baseline
ventilation) was expressed over time of 30 simulation (in minutes).
Ventilation decreases to about 65% of baseline during  drug
administration. W0 2005/OK2369 PC17CA2004/001578  -30 [0196] Figure
20 is a graph showing maximum concentration of opioid in  the plasma
against end of dose concentration of opioid in the plasma of patients
administered opioid. Figure 20A shows patients administered with a
combination of fentanyl and liposomally encapsulated fentanyl through a 5
pulmonary route, Figure 20B shows patients administered with fentanyl
intravenously. Maximum concentration of opioid was not significantly
higher  than the concentration at end of dose, indicating that if the 'end of
dose" amount  is non-toxic, the maximum concentration of opioid taken by
the subject is likely  also non-toxic. 10 [0197] Figure 21 is a graph showing
time to side/toxic effect versus time to  end of dose for the side effects and
toxic effects of patients administered a  combination of fentanyl and
liposomally encapsulated fentanyl through a  pulmonary route. In all
cases, time to toxicity was equal to or longer than time to  side effect. 15
[0198] Figure 22 is a table showing the statistical correlation of side effect
to toxic effect. Side effect is correlated to toxic effect at a pc.04. Examples
[0199] The examples below are designed to demonstrate but not limit the
embodiments of the present invention. 20 Example 1: Theoretical Model
for Opioid Deliver/ 



[0200] Examples 2-4 are based on a theoretical model for opioid delivery;
this theoretical model is described for greater certainty here in Example 1.
[0201] The theoretical model for opioid delivery was programmed into the
computer simulation package "Stella" (High Performance Systems,
Lebanon, 25 NH). The elements shown in this example, both in figures
and in text, are  adapted from the Stella model representation, and explain
both the programming  of the simulation, and how the simulation works.
[0202] In the figures, rectangles represent variables that indicate
accumulation of a substance (with exceptions noted below). Open arrows
30 represent flow into or out of the accumulators, and closed arrows
represent the elements that control the flow. Some closed arrows are
omitted for simplicity of  representation. Ovals represent model
parameters (inputs) and time W O 21105/082369 - 31 -
PCr/CA2004100157s independent calculations. Many model parameters
and constants were obtained  from the prior art (see Scott JO, Stanski DR
Decreased fentanyl and alfentanii  dose requirements with age. A
simultaneous pharmacokinelic and  pharroacodynamic evaluation. J
Pharmacol Exp Ther. 1987 Jan;240(1):159-66).  5 (a) Sedation Model
[0203] A model for opioid induced sedation was designed (Fig. 1 -
Sedation Model). Opioid in Effiect Site 1010 was used as a variable
denoting the  concentration of opioid at the site of drug effect. If more than
1 opioid was  present at the site of drug effect, Opioid in Effect Site 1010
was built to represent 10 the sum of the opioids present, each normalized
to their relative potency (for  example, in Examples 3 and 4, below). [0204]
Sedation Threshold 1020 was defined as the Opioid Concentration  1010
that would render the patient unable to use the inhaler. Sedation
Threshold 1020 was determined either through experimentation or
through the  15 known pharmacokinetics of the opioid. [0205] Sedation
Evaluator 1030 was a test of whether Oploid  Concentration 1010
exceeded Sedation Threshold 1020. If Opioid  Concentration 1010
exceeded Sedation Threshold 1020, Sedation Evaluator  converted the
value of Sedation State 1040 from 0 to 1. Sedation State 1040 20 was an
exception to the rule that rectangles represent accumulation of a  



substance: Instead, the role of Sedation State 1040 within the model was
that of  a memory component, which would remember that the opioid had
exceeded the  sedation threshold. In subsequent models, data from
Sedation Slate 1040  functioned to turn off further administration of
opioids, simulating patient sedation  25 and the resulting removal of the
inhaler from the mouth. (b) Ventilatory Depression Model [0206] A
Ventilatory Depression simulation was programmed (Fig. 2). In  this
model, C02 was produced by the metabolic activity of the body at a rate
C02 Production 2010, flowed into the plasma, (Plasma C02 2020). C02 30
Production 2010 was either determined experimentally, or known from
prior art  (see, for example, Bouillon T. Schmidt C, Garstka G, Heimbach
D, Stafforst D,  Schwilden H, Hoeft A. Pharmacokinetic-pharmacodynamic
modeling of the WO 2005/082369 PCT/CA2004/001578  -32 respiratory
depressant effect of alfentanil. Anesthesiology. 1999 Ju1;91(1):144-55
and Bouillon T, Bruhn J, Radu-Raduiescu L, Andresen C, Cohane C,
Shafer SL,  A model of the ventilatory depressant potency of remifentanil
in the non-steady  state. Anesthesiology. 2003 Oct;99(4):779-87.). Plasma
C02 2020 equilibrated 5 with the C02 in the brain (Brain CO2 2040) at a
rate (Brain-Plasma 002  Equilibrium 2030). C02 was eliminated from the
plasma in a manner simulating  the exhalation of air from the lungs, at a
rate C02 Elimination 2050 that was  mediated by the parameter
Ventilatory Depression 2060. [0207] Ventilatory Depression 2060
increased as the opioid concentration  10 at the site of drug effect (Opioid
in Effect Site 1010) increased. Ventilatory  Depression decreased the
elimination of 002 from the lungs (C02 Elimination  2050), causing C02 to
rise in the brain, (Brain C02 2040). As Brain C02 2040  increased, it
stimulated ventilation through a negative effect on Ventilatory  Depression
2060, offsetting in part the depressant effects of Opioid in Effect Site  15
1010, which has a positive effect on Ventilatory Depression 2060. [0208]
Other parameters were designed to effect Ventilatory Depression  2060;
the sum of these parameters were illustrated in this model as Model
Parameters 2070; parameters comprising Model Parameters 2070 were
described in greater detail in Figures 5A and 5B. These Model Parameters
2070 



20 effect Ventilatory Depression 2060, which in turn effects C02
Elimination 2050  and Brain CO2 2040. [0209] Although the programming
of this simulation into Stella is novel, the  Ventilatory Depression Model is
known in the art, and is referred to as an  "Indirect Response Model." 25
(c) Device Model [0210] A model for the inhalation device is shown in
Figure 3. Dose 3050  represents the total amount of opioid added to the
inhaler, Opioid Dose 3050 is  added to the inhaler at a rate Fill Inhaler
3010. This rate is required for the  working of the simulation, but is
calculated at an instantaneous rate. 30 Formulation In Inhaler 3020
represents the opioid contained within the inhaler.  The patient inhales the
formulation at a rate of inhalation (Inhalation 3030) into  the lungs,
(Formulation in Lungs 304.0). Inhalation 3030 is effected by Ventilator,,
WO 200S/082369 P('T/C-S2004/001575  33 Depression 2060 and
Sedation State 1040. Specifically, Inhalation 3030 is  slowed by the
increase of Ventilatory Depression 2060, For example, if  Ventiiatory
Depression 2060 was 50% of baseline, then drug was inhaled at half  the
baseline rate (Inhalation 3030 was half baseline). However, if Sedation
State 5 1040 = 1, then inhalation of drug into the lungs ends, and no
further drug is  inhaled. (d) Pharmacokinetic Model [0211] A
Pharmacokinetic Model for systemic opioid was programmed.
Formulation In Lungs 3040 was absorbed systemically at a rate Systemic
10 Absorption 4010 into the blood plasma (opioid in Plasma 4020). Opioid
in Plasma 4020 equilibrated at a rate Plasma-Effect Site Drug Equilibrium
4030  with opioid at the site of drug effect (Opioid in Effect Site 1010).
Opioid also  redistributed into tissue Opioid in Tissue 4060 at a rate Oaioid
Redistribution  4050 or was eliminated from the plasma at a rate Opioid
Elimination 4070. 15 Opioid in Tissue 4060 and Opioid Redistribution
4050 were programmed as  optional parameters that could be used or not
used depending on the  pharmacokinetic model of the particular opioid
utilized. The rates Systemic  Absorption 4010, Plasma-Effect Site Drug
Equilibrium 4030, Opioid Elimination  



4070; and Opioid Redistribution 4050 were all determined by a vector of
20 pharmacokinetic parameters of the particular opioid being
administered,  represented in the model as opioid Pharmacokinetic
Parameters 4080, and  calculated by pharmacokinetic modeling. [0212]
Although the programming of this simulation into Stella was novel,  the
Pharmacokinetic Model is known in the art. and is referred to as a  25
"Mammillary Pharmacokinetic Model With An Effect Site." Mammillary
models as represented above typically have 0, 1 or 2 tissue
compartments, yielding models  referred to as 1. 2, or 3 Compartment
Models with an effect site, respectively.  Example 2: Administration of a
Single Ovid [02131 This example is an application of Example 1:
Theoretical Model for  30 Opioid Delivery. This example is meant to
illustrate the Theoretical Model for  Opioid Delivery in use; the model
parameters do not reflect any specific opioid.  Instead, the model
parameters in this example have been designed to clearly WO
2005/082369 PCT/CA2004/0111578  - 34 demonstrate the self-limiting
aspect of the proposed system of opioid delivery.  This Example shows
the integration of the four simulations as described in  Example 1, and
output from the model when the simulation is run. (a) Integration of the
Model 5 [0214] Figures 5A and SB show the elements of the model as
described in  Example 1, wherein a single opioid is administered through
inhalation. Figure 5  is split into two parts: Figure 5A and Figure 5B. Figure
5A encompasses: a  Device Model 5010 that is equivalent to the Device
Model shown and explained  in Example 1 as the whole of Figure 3; a
Pharmacokinetic Model 5020 that is 10 equivalent to the Pharmacokinetic
Model shown and explained in Example 1 as  the whole of Figure 4 (with
the exception of the exclusion of optional parameters  Opioid in Tissue
4060 and Opicid Redistribution 4050, and with the further  exception that
Opicid Pharmacokinetic Parameters 4080 were built into Systemic
Absorbtion 4010, Opioid Elimination 4070, and Plasma Effect Site
Equilibration 15 4030, and not shown as a separate parameter - see
source code for more  information): Figure 513 encompasses: a
Ventilatory Depression Model 5030,  which was equivalent to the
Ventilatory Depression Model shown and explained  



in Example 1 as the whole of Figure 2 (with the exception that Model
Parameters  2070 are shown in `expanded' form, with various elements
comprising Model 20 Parameters 2070, namely PACO2@0 2071,
IKe1C02 2072, ke0C02 2073, C50  2074, Gamma 2075, and F 2076,
shown; and a Sedation Model 5040, that is  equivalent to the Sedation
Model shown in Figure 1. The Models shown in  Figures 5A and 5B are
part of the same simulation, but are shown in two figures  for ease of
reference. The mechanics of the four models, shown in Figures 5A 25 and
5B, were described in depth in Example 1, with the exception of the
expansion of Model Parameters 2070, the mechanics of which are
explained as  follows: [0215] Baseline C02 2071 is the C02 at baseline,
prior to administration  of opioid. kel C02 2072 is the elimination rate
relating Plasma C02 2020 to C02  30 Elimination 2050,. so that at
baseline (i.e., in the absence of ventilatory  depression): CO2 Elimination
2050 = kel CO2 2072 :Plasma CO2 2021 [0216] It follows that at baseline,
carbon dioxide in the body is at steady  state, and hence the C02
Elimination 2050 = C02 Production 2010. This WO 2005/082369 PC
/CA29041001578  -35 permits calculation of the rate of C02 production
(which is constant) in terms of  Baseline C02 2071 and kel C02 2072 as:
C02 Production 2010 = lcd 002 1,07 2x Baseline Plasma C02 2071 [0217]
The rate of Brain Plasma Equilibration 2020 is determined by the  5
parameter ke0 C02 2073, so that: Brain Plasma Equilibration 2020 =1cet0
C02 2073x (Plasma C02 2020 - Brain C02 2040)  [0218] Opioids depress
ventilation as a sigmoidal function of the Opioid in  the Effect Site, 1030,
and the parameters C50 2074, the opioid concentration  associated with
50% of maximum effect, and gamma 2075, the steepness of the 10
concentration vs. response relationship, with the contribution of the opioid
to  ventilatory depression expressed as: Opioid in the effect site 10.30r"u
1175 050 20 74`` +Opioid in the effect site 1030 0 5 [0219] Conversely,
carbon dioxide stimulates ventilation. The increase in  ventilation can be
modeled as a function of Baseline C02 2071, Brain C02  



15 2040, and F 2076, a parameter describing the steepness of the
relationship:  1Brain C02 2040 p2076 Baseline C02 2071 [02201 Putting
these together, Ventilatory Depression 2060 can be  described as:
Ventilatory depression 2060= Opioid in the effect site 1030."''20?5 Brain
C02 2040 1207(  ;_-- x  050 207452'"""2075 Opioid in the effect site
10306~T'""' 07 J Baseline 002 2071 J 20 [0221] With ventilatory
depression 2060 now defined, we can fully define  C02 Elimination 2050
in the presence of opioid induced ventilatory depression  as: C02
Elimination 2050 = kel C02 2072 xPlasma C02 2020x Ventilatory
Depression 2060  25 completing the description of the model. [0222] In
this manner, the models from Example 1 were combined into  one model
of opioid effect. This Model, shown in Figures 5A and 5B, can also WO
2005/082369 -36- PCT!CA2004/001578 be described by the following
mathematical model, as represented in the Stella  programming language
(source code-): C'2_ a  _,1C4C(t, = 3rair ~'G'_?OsOit - '~t)  .Bra:;
-n_Plasrna 002_Equil i ,ration " d' 5 ??TIT Bra-r.__C022040 = Basel __e
'02 2071  IN. FLOV,WS R_a-in_Plasma_002__Equilibration 2020
lceo_r022-C73''(Plasma_002_2020-Brain_iO2_204.0)
hormulation_i-n-Inhaler_3020(3) 10 Formulation in_Inhaler_3020(t - d.t) +
(Fil-.._Inhaler 301.0  inhalation-3030) - dt INIT Formulation -. in-Inh.ale-'-
3020 = C  INFLOWS: Fill_aihaler_3010 = time = 0 then Dose-3050/DT
else 0  



15 OUTFLOWS: Inhalation-3030 = If Sedation-State-'-040 = 0 then
51(VenTl-aror`v`7eDression20 0) elsee 0  Formulation_in_Lung_3C40 (t)
= Formula ior__i_r_Lung_3040 f t - dt) + (Inhalation-3030 -
Systemic_Fbsorpticn~4010) *' ar 20 INI'I' Formu-iation_in_Lung_3040 = C
INFLOWS: Inhalation-3030 = If Sedation State'040 = 0 then  (Ve i
latOr-,.'_Depresslorl_2 orn) else 0 OUTFLOW : 25 Sostemic7
so'_`ptl.on43lo. = Formulatio-n -nLungf 34.0;. 69j%_ OpioidinEffect
S.ite_1.010(t) Opio d_:i_n_Effect- Site 1C:1!i(t - - d t_ i +
(P"._esma_Effect_-itc-_Euu_1_.arat'_on_4030) at -1,,T T Opio' d__in_Eii
ec t__Site___3) Q = 0  30 INFLOWS WO 1005/082369 PCi
iCA2004/001578  37 D I Oct EfTS cc Lulu) LL_ on 1:30  t0;?so
n-sr~_9.20-CT 1~'LfecL i te_ Oric d !n_Pi iama_4 :C lt) Opi-n P
sma_4020( rt)  Sy, norperoi _4014 oia ~Iiji. nation 10 5 as Ia lic- to il=
at.Hon 40301 + dt  I%dIT OpioiciinPlasn:a. 4020 = C INF _OW S :
Systemi_crhsorpt_oni010 = FormulationnLun.g,__3040*.63i1
OUTFLOWS: 10 Opioid Eli.minat4_on_4070 =
)pioid_i-n_Plasma_4020x.693/10  Plasma_ f.feet_Si~(_
Equi._.inrationa030 =  (Opioid_.in-Plasma4020-Opioi-din__EffectSite
1O10)*.693/1  Plasma_002_2020(0) _ Plasma 002 2020(- 



(C02_Production_2010 Brain_Plasma_CO2_Eq,.-iI hrat_on_2020 15 -
002_Elimination2050) * dt INIT Plasma-002_2020 = Easeline_002 2071
INFLOWS: 002Production2010 = 2aseiin0C02207-*ke1C02 2072
OiJTFLOWS: 20 Brain_P'__as;ma_CO?.__Eq :il bration_2020 =
1ce0_C02_207 *(plasma_002_2fl0Oorain__C02_2040)  002Elimina7:ii.on
2350 -lasma_C02 320*'c--C022072*VentilatoryDePression_ 2060
Sedat'_on_State_1040(t) = SedationState1040(0 dt)  25
(Seca--ion_Evaluator_1030) * dt IN'T Sedation_..State 1040 = 0
NFLOWS: Sedation Evaluator 1030 f(Op in Effect ,,_e1 0?Seaa~ion_
hresrho1d1020)  30 'lien Basels.e_ 04;__2071 = 10 WO 2005/082369 1"
C17CA2004/001578  -38- 05^ 2.074 = .? Dose 3050 = .5  F 2076 4
Gano`,a2075 0 1 5 ke0_C02_2073 == 0.92  e1C022072 = 0.082
Sedation_Threshhoid_i020 1.5  Ventilatory_Depressi.on_206o _ ,1_
Opioidit.~EffectSite '010^amma20'75;(050_20'7^^Gam:na 2075a- 10
Opi_oi5 1_ i Ef eot Site 1016^' Gamma2075) (Brain__02_3040/Bas  el
Lne,.._002_2071)^F 2076 (b) Output of the model when run with
Ventilatory Depression Model and  



Sedation Mode[ Disabled [0223] The model designed and described in (a)
was run as a simulation  15 of opioid effect, using the following initial
parameters: Formulation In Inhaler  3020 = 5 milliliters at time = 0. The
model was allowed to run over a time course  of two hours. For this
simulation, the feedback loop on drug uptake aspects of  the Ventilatory
Depression Model (i.e. the feedback of the effect of Ventilatory
Depression 2060 on Device Model 5010), and the Sedation Model were
20 disabled. Output of the model, when run, was plotted for various
parameters in  Figures 6 and 7. [0224] Figure 6 shows the output of the
model as run in the absence of  patient self-limiting inhalation of opioid
(i.e. with the Ventilatory Depression  Model and the Sedation Model
disabled). Figure 6 shows the time course of 25 drug in the inhaler
(Formulation in Inhaler 3020 - line 1), and in the lungs  (Formulation in
Lungs 3040 - line 2) in the absence of the self-limiting aspects of  the
invention. The amount of drug in the inhaler dropped steadily over the first
10 minutes of simulation, at a rate inhalation 3030. The amount of drug in
the  lungs reflected the net processes of inhalation of drug into the lungs,
and  30 absorption of drug from the lungs into the systemic circulation,
[0225] Figure 7 shows Ventilatory Depression 2060 over time, for the
same simulation (Ventilatory Depression Model and Sedation Model
disabled). WO 2005/082369 PC 17CA2001/001578  -3 The graph output
indicated that patient's ventilation dropped to approximately  259i% of
baseline ventilation in this simulation. The ventilatory depression
persisted for approximately 5-10 minutes. The drop in ventilation was
reversed  as carbon dioxide built up in the patient's plasma, and, at the
same rate, the 5 patient's lungs (not simulated), counteracting the
depressant effect of the opioid  on ventilation, This drop in ventilation
exposed the patient to risk from injury from  hypoxia. (c) Output of the
model when run with Ventilatory Depression Model enabled  [0226] The
simulation used in (b) was modified by enabling the Ventilatory  10
Depression Model, and run again with the same initial parameters of
Formulation In Inhaler 3020 = 5 milliliters at time 0. Output of various
parameters  



were plotted over time. Figure 8 shows Formulation In Inhaler 3020 (line
1),  depicting the amount of drug that is left in the inhaler, and Formulation
In Lungs  3040 (line 2), depicting the amount of drug in the lungs, in the
presence of 15 ventilatory depression, one of the two self-limiting aspects
of the invention (the  other being sedation). As compared to Example 2(b),
as expected, it took longer  to inhale the drug when the simulation was run
with the Ventilatory Depression  Model enabled - inhalation of drug in
Figure 8 took Place over approximately 17  minutes as opposed to the 10
minutes in Figure 6. This was due to a reduction 20 in ventilation caused
by ventilatory depression, which limited the patient's  exposure to the
opioid. This reduction in ventilation was best illustrated in Figure  9, which
plotted Ventilatory Depression 2060 over time for the same simulation.
Ventilatory Depression 2060 was depressed by 50% in Figure Q. When
compared with the simulation shown in Figure 7, the patient was breathing
half 25 as much (in Figure 9) as when simulation was run with the
Ventilatory  Depression Model deactivated (in Figure 7). This simulation
shows that the  change in ventilation caused by the self-limitation of opioid
uptake offers  considerable safety to the patient. (d) Output of the model
when run with Ventilatory Depression Model and  30 Sedation Model
enabled [0227] The same simulation (Formulation In Inhaler 3020 = 5
milliliters at  time 0) was run, this time with both the Ventilatory Depression
Model 5030 and  the Sedation Model 5040 enabled. Output of various
parameters were plotted, WO 2008/082369 PCT/CA2004/001578  -40
over time. Figure 10 shows the time course of Formulation In Inhaler 3020
(Line  1) and Formulation In Lungs 3040 (Line 2) in the presence of
ventilatory  depression and sedation. As seen in the figure, after 8 minutes
drug inhalation  stopped completely. The reason was that the patient has
become sedated, and 5 could no longer hold the inhaler to the mouth
(simulated here as Sedation State  1040 turning from 0 to '). At this time,
approximately 2 milliliters remained in  Formulation In Inhaler 3020. and
therefore, approximately 40% of the opioid  dose remained in the inhaler
and was not inhaled. Figure 11 plots Ventilatory  Depression 2060 during
the time course of this simulation. The maximum 



10 depression of ventilation in Figure 11 was approximately 60%. When
compared  with Figure 9, the improved safety from the opioid-induced
sedation is evident.  [0228] Thus, Example 2, as illustrated in Figures 5
through 11,  demonstrate through simulation the effects and advantages
of the self-limiting  system of opioid delivery, as described herein, 15
Example 3: Administration of two opioids [0229] In this simulation, the
model parameters do not reflect any specific  opioids, but have been
adjusted to demonstrate clearly the self-limiting aspect of  the proposed
system of opioid delivery. The simulation models and measures  the same
variables, this time for an opioid composition comprising of two  20
different opioids with different pharmacokinetics. (a) Building a two opioid
model. [0230] Figure 12 addresses how two opioids are combined into a
single  opiold concentration for the model. In the two opioid simulation,
Rapid Opioid In  Effect Site 12010 represents the concentration of rapid
onset opioid; Slow Opioid 25 In Effect Site 12020 represents the slow
onset opioid. Each of these is  determined in parallel and in the same
manner as in the one opioid model  (Example 2). However, each is
determined separately, then combined to  determine Combined Opioid
Effect Site Concentration 12030. Combined Opioid  Effect Site
Concentration 12030 is calculated using the known relative potency of 30
each opioid, Relative Potency 12040. Combined Opioid Effect Site
Concentration 12030 is equal to, and depicted as, Opioid in effect Site
1010 in WO 2005/052369 PC P'/CA200.1/001575  41 the two opioid
models illustrated in Figures 13A, 138, ,3C and Figures 17A, 17B  and
17C. [0231] Figures 13A, 13B and 13C, taken together, illustrate the
algorithm  for the two opioid model simulation. It encompasses: a Device
Model 13010,  5 equivalent to and illustrated as Device Model 5010 and
as described in Examples 1 and 2; a Pharmacokinetic Model 13020
comprising a combination of  two instances of the Pharmacokinetic Model
5020 (one for the rapid opioid, and  one for the slow opioid;; each as
illustrated in Figures 4, 5A and 58, and as  described in Examples 1 and
2, and each running in parallel, then combined 



10 using the Two Drug Model 13050, as described in Figure 12; a
Ventilatory  Depression Model 5030, as illustrated in Figure 2 and Figures
5A and 513. and as  described in Examples 1 and 2; and a Sedation
Model, 5040, as illustrated in  Figure 2, Figures 5A and 513, and as
described in Examples 1 and 2. [0232] The model shown in Figures 13A,
13B and 13C can also be  15 described by the following mathematical
model, as represented in the Stella  programming language (source
code). Brain_002_2040(t) = Brain_C022040(t +
Brain_Plasma_0O2_nqui.libration_2020) * di h]IT Brain-002_2040
Baseline C02 2071  20 INFLOWS:
3r.ain_Plasma_00%_3cailibration_2020 =
]ce0C0220'73*-(PlasmaC022023-3ra.inC022,340)  ormulat_on_in_ _nhal
er_3020 (c) ormulationin7nhaler3525(tt - dt) + (Fi-1Inhaler_3010  25
Inhalation-.1_3031 - Inhalation-2_3032) * dt INIT
Formulat_on_in_Inha'er_3020 0  LOWS: ii time = 0 then
Dose-_.3050%B'_' else 0  OUTFLOWS 30 ihalati nn 1 3031 i_ Sedation S'
ate 1040 = 0 then  la):!'y_D of e,,s lse 0 ion e WO 20051182369
PCT/CA2004/001 578  -42 _nha. ation_ s_ 3032 f Sedat - _u, -ionSl at
o-.:LOCO = 0 'nen  J 25* en t" Latox.y Dep ession_2060 e:se 0
OTi_oid_L.-E "ect. Sit 1310(t)  Opioid_in_Effect_Sit___101I0(t - dt)  5
INl`_T' Opiold_Hr. ffect_Site_lY0 = 0 Plasma_002_2020(t) =
Plasma_002_2C20(t - dt) +  (002_ Product.ion_2010 -
Brair_Plasma_002_Equilibra.tion,_2020  



- 002Elimination_2050) * dt IlIT Plasma 002__ 2020 = Baseline C02 2071
10 INFLOWS : 002_Production_._2010 = [ Place right hand side of
equation  here.., } OUTFLOWS :  Brain-Plasma-C02-Equilibration-202C)
15 ke0_CO2_2073*(Plasma_CO2_2020-Brain_CO2_2040)
002_Eliminat=_or_ 2050 Plasma_C02_2020keIC02_2072*Vent:i_latory
)epression_ O60  Rapic_Drug_Effect_Site(t) = Raid Drug Effect Site(t- --
dl)  (Rapid-Drug-Plasma-Effect-Site-Equilibration) * at 20 INIT
Ranid_Druc_Effect_S.te = 0  INFLOWS:
Rap==d_D-ug_Plasma_Effect_Sice_Equ_libration _
(Rapid_Drug_In_Plasma-Rapid_Druc_Effect_Site)'.693/-
Ranid_Drug_In_Placme(c) = Rapid_Drug__In Pl.asma(3 - dt) 25
(Raprd_Drug_A'osorp'pion Rapid_Drug_Clearance -
Rapid_Drug_Plasma._Effert_SiLe_Eou:_libration) * dt !NIT
Ranid_Drug_In_Plasma  INFLOWS: Rapid_Druc._Ab s orpttion 30
RapidFormulatlon_inLung 693/l*a-oid_Drag_Corcentrati on  OUTFLOWS :
WO 2006/032369 PC1/CA2W4 /110 15 7 8  -43 ba_Did D ug-i e _anc =
Ra.~id_D~ ~c Cry _PLasma^.693/10  Rapid Drug _I asm aE ('ast_S te_
Ec,u:ilibratiori (Rapid nr-.1g-,-i.Plasma-RapidDruc7 E -fecYSite) (593/1_
Faai FormullOn_I I ng(t) = T..~pic c"n~,l ~4 o:r._in =ur_g(t  5 dt) +
(Inha].a-n.ion_1_3C31 - Rapid_Druc_Abssorptior) . d-_  INIT
Rapid_Formulation_inLung = 0 INFLOWS : 



nn.alation031 = i_ Sedation State 1040 = then
0.25*Ventilatorv__Depression else 0 10 cuTFLOWS: Rap
id_Druu_Absorp'tion
Rapid_7or-nulation-_in_L:ung*693/l*Raoid_Drug_Concentration
Sedation_Stat:e_1040(t) = Sedation-_State__040(0 - dt) +  (Sedation_;
Evaluator_1030) * dt 15 INIT Sedation-State-10210 =  INFLOWS
Sedat:.-on_Evaluator_1030 =  n Eff...ect Site 1010:
SeuatiorTl+resnhold102o)  ~  then i else 0 20 Slow_Drug_Efect_Site(t) =
Slow_Druc_Effect_Site(t - dt) +  S.ow
_Druc_Plasma_Efer_t"_Site_F3quilibration) * dt nJ:T Slow Druc Ef'_e.ct
S_ = C  INFLOWS : S1ow_Drug_Plasma_Effect_Site__Ecuiilibration =  25
(Slow_Drug In Plasma-Slow Drug E ffecn_Site)*.693/10 Slow _Druq_In
p`asma(t) = Slov.__Drug-in Plasma - dt)  S1ow_Dru.3=cosc-rntion - Slow
_ =g_C.learance  Slow_~rug_P asma_Effect,_Site_Equilibration) * dt
TRIP Slow_Drug_In__Plasma == 0  30 INFLOWS: WO 2005/082369 - 44
PCT/(: %2001/001578   51(;w_DY.'L:Cj Lon  't OYo FOr1Tlll_a J on 93
Slog" ag_~.l~aran~.e = Blom- Dn =n_Il.asma,.6 3 300  5 S.cc,;
_LruaPasma_E;_fe t_Sii=c-_3quilbra ion  Drugasma SlowDrug EffectSitel
t 593 /" ;1  



Slow_Formuiation_Ir__Lung(-i = Slow_Formulation In__Lungf(t  dt) +
(Inhalation 2 ?032 -low oru.lAbsorpt'on) * dt  ?NIT Slow_Formulation_
In_Lung = 0 10 IiI LOWS: nnaiatior_ ,_3032 Seda'tion_Staze 1040 = - 0
th2n  0.25*(?entilato r_7epression__?O<0 e-se 0 OUTFLOWS:
Slow_T7rug_Absorpt'_on  15 Slow_Formulation in
:ung'.5S3~12*Slow,_Drucr_Concen-1-ation  3ase_i-ne_rC2_2071 = 40
=55_2(74 = _.  Dose_3050 = 5  F_ 076 = 4 20 Gamrna_20"'~ _ _1.2
ce0_~O2_20 2 = 0.92  ke1C02__20 2 = 0.0;82  Opioi.d_in_Effec~_Site
1010 Rapi; Efcct:__Site-I ow_Drug_EYfecr_ Site  25
Rapid_Drug_Concentration  Sedation_Threshhold_1020 = 1-5 Slow-,
::-Ora = 1  i r_` lato y_Depression_ 06J  01- i ijrlma  30 c i c _ 0'.0 Sa ma
C_"~' ~iiiBas  _. u WO 20051052369 PC'r/Ci3016U001575  45 



bt Ouinut of model wne run ifth \Jentil atorv Depressicn Model and
Sedation,  lvioaer enabled [0233] The same simulation (Forrnuiation in
inhaler 3020 = 5 milliliters at  time = 0) was run in the two opioid model as
illustrated in Example 3(a) and  Figures 13A, 136 and 13C. Figure 14
shows the time course of Formulation In  inhaler 3020 (Line 1),
Formulation Ir Lune (Rapid Opioid) 3040 (Line 2), and  Formulation In
Lung (Slow Ooioid) 3040 (Line 3), in the presence of ventilatory
depression and sedation. The simulation showed that, over 12 minutes of
run,  the drug was inhaled by the patient. The rate of fall in the amount of
drug in the 10 inhaler was not perfectly linear, reflecting the slowed
breathing with opioid- induced ventilatory depression. After approximately
12 minutes, the patient  stopped inhaling more opioid, reflecting
opioid-induced sedation. The rapidly  acting opioid was quickly taken up
into the systemic circulation. which limited  how much accumulated in the
lung, and produced a quick drop in concentration 15 in the lung when the
patient stopped inhaling more opioid. The slowly acting  opioid was taken
up slowly by the lung, which permitted more drug to  accumulate in the
lung during inhalation, and the administration of opioid into the  systemic
circulation for over two hours following the end of opioid delivery to the
patient. 20 [0234] Figure 15 shows different variables for the same
simulation. In  Figure 15, line 1 indicates the rapidly acting opioid
concentration in the effect site  (Rapid Drug Effect Site), over time, and
demonstrates the rapid rise owing to  quick absorption and rapid
plasma-effect site equilibration, and a rapid drop  owing to rapid
metabolism. Line 2 is the slowly acting opioid concentration in the 25
effect site (Slow Drug Effect Site), over time, and demonstrated a slow
rise in  concentration owing to slow absorption and slow plasma-effect site
equilibration,  and a slow decrease over time owing to slow metabolism.
Line 3 shows the  combined concentration of rapid and slow onset drug
(Combined Opioid Effec.  Site Concentration) As can be seen, the
combination reaches a peas: during the  30 administration of the first
opioid. [0235] Figure 15 and Figure 14 show different variables for the
same  simulation run, on the same X axis (Rime). One can therefore refer
jack to  Figure 1~ to see that the nation, stopoec self-administering drug at



WO 2005/082369 PCT/CA.2004/001578  .4B_ approximately 12 minutes.
When Figure 14 is interposed with Figure 15, we can  see that this
reflected the patients' response to the rapidly acting opioid, as the
concentration of the slowly acting opioid was negligible at 12 minutes.
However,  the overall opioid concentration remained fairly steady over
time. This reflected 5 the slowly acting opioid gradually replacing the rapid
acting opioid in Opioid In  The Effect Site as the rapidly acting opioid was
eliminated from the system  through Rapid Drug Clearance. [0236] Figure
16 shows the time course of Ventilatory Depression 2060  during and after
delivery of opioids with the two-opioid delivery system, in the  10 same
simulation run. Figure 16 illustrates an initial decrease in ventilation to
approximately 60% of baseline. As mentioned previously (in the
description for  Figure 11), this is well tolerated by patients. As the C02
builds up, ventilation  was stimulated. Note that there was very little
decrease in ventilation after this  initial drop. The reason is that there is
now adequate C02 accumulation in the  15 patient to continue driving
ventilation. [02371 As demonstrated by Figures 13A, 13B, 13C, 14, and
15, in the two  drug embodiment of the device, the first drug acts as a
`probe' of the patient's  sensitivity to opioids, and limits the dose of both
the first and the second opioid.  In this manner, the patient can receive an
slowly acting opioid without receiving 20 an excessive dose. A
combination of two opioids, one of them fast acting, can  therefore be
used to increase the safety profile of either opioid alone, or, more
particularly, of the slow acting opioid. Example 4: Alfentanil and Momhine
as examples of opioids in the two drop  model 25 [0238] This example
shows an application of Example 3 to two specific  drugs, namely,
alfentanil and morphine, wherein alfentanil is the rapidly acting  opioid and
morphine is the slowly acting opioid. [0239] Figures 17A, 17B and 17C,
together, encompass: a Device Model  17010, comprising 2 Device Model
5010's, as described in Figures 5A and 5B  30 and explained in Example
1, and each running in parallel, but each modified and re-labeled for the
specific known parameters of the opioids alfentanil and  



morphine (shown in Figures 17A and 17B); a Ventilatory Depression
Model  5030, as described in Figure 2, a Sedation Model 5040, as
described in Figure 1, WO 2111)5/082369 PCTiCA2004/001378  .. 47 _
and a Two Drug Model, 17050, as described in Figure 12 but re-labeled to
reflect  the specific drugs alfentanil and morphine (shown in Figure '17C).
Figures 17A,  17B and 17C expose all of the parameters 2070 of the
ventilatory depression  model, 17030. The parameters 4080 of the
pharmacokinetic models for 5 morphine and alfentanil, 17020, are now
fully exposed. Alfentanil and morphine  are each represented by a 3
compartment mammillary model with an effect site.  [0240] The model
shown in Figures 17A, 17B and 17C can also be  described by the
following mathematical model, as represented in the Stella  programming
language. The constants for alfentanil and morphine are based on  10
existing literature for these drugs. Alfentanil- haler(t) =
Alfentanil_in_Inhaler(t - dt)  (- Inhald_Alfentanil) * dt =Nn
Alfentani:_in_Inhaler = Alfenta.nil_Dose__ug  OUTFLOWS : 15
Inhale_Alfentanil = if Sedation State = 0 then  Lit entanil_Dose_ug
/Dose_T)ura'tion*Ventilatory-Depression  else 0 Alfentanll_in_Lung(t) =
Alfentanil_in_Lung(t - dt +  (Inhale_Alfencanil - &Ifentanil_Uptake) * at 20
INIT Alfentanil in_S,u:ng - 0  INFLOWS: Inhale_Alfentanil. = If Sedation.
State = 0 then
A_fentani__Dose_ug/Dose._Durat_or_*ventilatory_De-pression  else C0
25 OUTFLOWS: Aitentan Uptake =  Alf en_-tani l___ n_Lun.c * . 693 /Al f
entani l__ ttsorp tion_Hal -- L..i f e  Alfent.anil_Tl(t) = Alfentanil_gl.(t - dt) +
(A-_f.entanil_C12  + Alfentani'-_ 17 + Alfentanil_CLe + A1fen^tanil Uptake
- 



30 .lfen.tanil_Cli) * M TN.TT Ai. _"entanil I = 0 VO 2005/082369
PCT/CA20p1/001578  _48  NFLOWS: _ 1ten.tai yl i e:ntrmi1K21- ALf
entanil_Xj *Z\ l fer_rani l K12 A l ent ana'_l_01.3 =
Al"'entan'_1_>3"Alfertanil K31- 5 A_fentan_1_x1*Aifentan_I r13
fentanil_CLe _ Al fentani _._Xeffect*A1fentan_il KeO-
Alfentanil_Xi'*Alfentaral_Ke0*.001i'Alfentan-' vi  Alfentanil_UntaLe
A_.'=entan_1_in_Lunc*.693/Alf_entanil_Absorpti_on_Half_Life  10
OUTFLOWS : AlfentanKC11 = Alfentanil_XJ*A.].fefltani`_ vie
Alfentanil_Xlr.t) = Aiffentan--1 112(t dt) +  Alfentanil_C12)  dt INIT
AlfennanilXi = 0  15 OUTFLOWS: Alfentani l_012 Alfentanz-_"2*Alfentar_ii
K21- lienta.ni-xl*AlfentanHI= Alfentani=._:X3(t) = Alfentanil_X3(t - dt)
Alfentanil_013) * dt 20 INIT Alfentanil_X3 = 0  OUTFLOWS:
Alfertani.'__013 = Alfentanj1_X3*A-fentanil_K31- Alfentanil_Y1*Alfentan:il
K13 A_fentanil_Xeffect.(t) = A1fentanil_Xeffect(t - dt) + .- 25
Afen-ntan.il_CLe) * dt INIT Alfentan_-_X.effeet = 0  OUTFLOWS:
Alfentani]- CLe = Alfentan.-1_Xeffect*A-fentan__1 KeO- rlfentcn.L',71*Alf
ent ani--ieO* 00_/Al fentan- 7,7l 



30 Morphine _in_Inhaler t) = Mcrph_ Ic_r__ir_haler!t - dt) +
Inhalc_Morphir_e) * at CJO 2005/082369 PCI7CA2004/9O1578  -49 INIT
_Mor_pir_nc in -2ha'..or = Morphine  OUTFLOWS Inhale Morphine it
sedation-state Mo_phine Dos- _ mg*"_~ 0~%/Dose_Dura1, 1-on'~Vr ni
i_lato y_Depresslcn  C 5 else Morp.h.Sne_in_Lang(t) = Morn.L
nein_Lu.ng(o - dt)  (Inhale_Morphine -Morphine, Uptake) * dt INIT
Morphin.e_in_Lung = 0  INFLOWS: 10 Inhale Morphine sedation-state = 0
nhen  Morphine_Dose__mg*1000/Dose-Duration"Venti'atorn._Depression
else 0 OUTFLOWS :  Morphir Uptake 15 Morphine in Lurg
.693iMorpL-ine_Sbsorptior__Half Li=e:  Morphine_Xl (t) = Morphine XL (t -
dt) -- (Morphine_012 +  Morphine-C'_3 - Morphine-Cie + Morphine Uptake
- Morphine 011) * dt INIT Morphine-?:1 = 0  20 LNFLOWS : Morphine-C12
= Morphine_X2*Morph:ine_K21- Morphine_Xl*Morphine_Y12 Morphine
013 = Morphine_X3*Motrphine_K3i- Morphine-._Xl*Morphine_;13 25
Morph;-. e_CLe = Morpnine_e:e`feot *Mo_phine_Ke0-
Morphine_X1*MorphineKe0*. 001;Morphine_vl Morphine -Uptake =
Mo_r.p-, nc_in_Luncr* .593/More' ine_Absorpt_on_hai -Life  



OUTFLOWS: 30 Morph! ne_C17 = Non pti ne_I Morphn ne_,K10 \W(.>
2005/082369 PC FJ(A2 001100 1 5'3  1ior~h 1E' 1'(t) = M L)1,.rye t(_ it)
MorJhL7e'L ?) a t. NIT NI--r  OUTFLOWS:  5 Morphine_012 Morpr inc_>2
*Ilorph i.ne },,T  Mo pi:ine_X_1*Mornhi.nc. I'12 Morpl = i - }_3 (I) _ <<n .
,shine !3 (t - a 1 Mo n _n_ 013 )  at INTO Morphine M3 = 0  10
OUTFLOWS : Morphine_Ci3 = Mornhine_t t *Mo rphne_a3=' -
Morphine_X1 *Morphine K. 3 Morphine_Xe eet(t) = Mornhine_Hei_ect(t -
d n) T  Morp ine_CLe) x at 15 INTO Morphine_Xeffect = 0  OUTFLOWS:
Morphine-Cie Morph_ne_Xeeffeet*Mcrchine Kev- Morgh_i ie
r.1**Sorph_ne ile0''.OUT/MoxphLne__VI 1aC02(t) PaCO2(t - dt) 002
Accumulation - C02Equilb) *  20 do INTO PaCO2.= ?a002@0  NFLCWS :
C02-,Accumulation = Ke_C02*PaC0200- Ke1C02*Ver-ti"_a_.ory_De=)_
essior_*?aC02 25 OUTFLOWWS: C02Equilb = ke0002*'PaCO2-.PeOO2)
PeC02(0) = ?e002 (t - dt` (C02Equ_'.ILL) Q.  !NIT _eCC2 = PaC0220
INFLOWS : 30 O Othquiib - ke 000l* (F 2D3-PcCU2) 



WO 2005/082-361) 1' CC/CA 2004/001578  -51 Sec. a+ nl Sta _elc) a,t
(Sedat.ion._Eva. uc.orl - dt PJ'_';. Sedar:.Lon State O  INFLOWS : 5
Sedation Evaluator if  Com,b C- ..ip! G L _ _ Concer.trat' orl<se is ;l)L: TI7
`e Sh O.J..  C then 0 else I 'lencani]._'~bso:rption_ha r Life = 1
Alferl-anil_Ce = Alfentani'i_i~e1'ect/.00". 10 Alfen_tanil_Cp =
Alfentan_l_X1. Alfentaril TJ  Alfentanil_Dose___ag = 1500 Alfentanil_K10
= 0.090557  Alfentan.il_K12 = 0.655935  AlfentanilK13 = 0.Z"'_2328 15 7
fentanil k2=1 = 0.214  Al:) _a_ltanil. i<31 = 0.017  Alfentani.l I:eO = 0..,
Alfentanil V1 = 2.13  050 = 1.1 20
Combi.ned_Opioid_Effeci_Sire_Concentrat_.on
Alfentanil_Ce/60+Morphine_Ce/70  Dose_Duratior = 2 Gamma 1.2  25
ke0002 = 0.92  Ke1C02 = 6.082 Morphine_ sorpti.on_Half_Lif = 2
Mosphine_Ce = Morphine_ of e^ti.001.  Morpnine__Cp =
Morphine_k1/Morphine_V7. 30 Morph_;ne_Dose_mg = 20 WO
21105/082369 PCt7CA2 0 0410 0 1 5 78  -52- 



Morojijne_ 1.0 = 0.0705056_8 Morphine 1-12 = 0.12?340u24
Mo_r,,h:ine_R , _- 0_0_125852  Morpn:_ne__h21 = 0 . 025964108 3
+Sorph.i.neK 1 = 0.001`:33166  Morphine_KeG = 0.005  MorahineV1. =
17 .S  PaC02@0 = 40 Sedation-Threshold = 10 Vent_.J.ato-Y Depression
= Combined opioid_Bffeci_site-Concentration-Gamma/(C50^Gamma+
Combi.nedOpioid_Effeci_SiteConcentra.tion^Garruna})*(peC02/Pa
50290)^F [0241] The simulation was run with a starting parameter of 700
mcg of  15 bioavailable alfentanil and e7 mcg of bioavailable morphine in
the inhaler at time  0 (Alfentanil In Inhaler = 700 mcg at time = 0; Morphine
In Inhaler = 67 mcg at  time 0). Figure 18 and 19 shows the
concentrations of various parameters when  the simulation was run.
Figure 18 showed concentration of alfentanil (in ngiml,  line 1), morphine
(in ng/ml, line 2) and combined opioid (in no/ml of fentanyi 20 equivalents,
line 3) over time (in minutes) at the effect site following inhalation of  the
combined product. In this example, drug administration has terminated
after  90% of the inhaled drug was delivered because of patient sedation.
As can be  seen, the alfentanil concentration rises quickly in the effect site
(line 1) producing  a rapid drug effect. The morphine drug effect rises quite
slowly in the effect site 25 (line 2), producing a slowly rising drug effect,
Line 3 is shows the combined  opioid effect site concentrations, where
each drug has been adjusted for its  potency relative to ientanyl. All three
lines have different Y scales, as can be  seen on the Y axis, to normalize
the effect site concentrations for relative  potency. As can be seen in line
3, the highest opioid exposure occurs at the 30 time of inhalation, and is
almost entirely due to the alfentanil. However, as the  alfentanil washes
out of the effect site, it is almost exactly replaced by the influx  of
morphine into the effect site. A concentration at the site of effect of less
than 



WO 2005/082369 PCT/CA2004/001578  -53 25 ng/ml on the alfentanil
scale (equivalent to 37.5 ng/ml on the morphine scale  and 0.5 ng/ml on
the fentanyl scale due to their relative potency) is considered
sub-therapeutic; a patient will typically feel analgesic effects between 50
ng/ml  and 100 ng/ml (on the alfentanil scale), side effects between 75
and 125 ng/ml 5 (on the alfentanil scale) and toxic effects above 125
ng/ml (on the alfentanil  scale). [0242] Figure 19 showed the ventilatory
depression from the inhalation of  an alfentanil morphine combination
opioid delivery system. As shown in Figure  19, the ventilation decreases
to about 6550 of baseline during drug 10 administration, and then
recovers to approximately 80% of baseline as C02  accumulates.
Ventilation is maintained at 80% of baseline throughout the next 4  hours,
as the morphine effect is sustained. [0243] As demonstrated in Figures
17A, 17B, 17C, 18, and 19, in the  alfentanil morphine combination opioid
delivery system, based on simulations  15 using parameter values taken
from the literature, the patient self-limiting opioid delivery system prevents
administration of a toxic dose of opioid, and provides  for the safe delivery
of a slowly acting opioid by combining the slowly acting  opioid with a
rapidly acting opioid, and using the effects of the rapidly acting  opioid to
limit the total opioid exposure. 20 Example 5: Clinical testing of Fentanvl
preparations in human subjects (a) Method of Preparation of Free and
Liposome Encapsulated Fentanyl  Preparations. [0244] Preparations
containing a mixture of free fentanyl and liposome  encapsulated fentanyl
were prepared by mixing an ethanolic phase with an  25 aqueous phase.
The ethanolic phase comprised ethanol, fentanyl citrate,
phosphatidylcholine and cholesterol. The aqueous phase comprised water
for  injection. Before mixing, both phases were heated to a temperature of
about 56  to 60 degrees centigrade. The two phases were mixed and the
mixture was  stirred for a further 10 minutes at 56-60 degrees centigrade.
The mixture was 30 then allowed to cool to room temperature over
approximately two hours.  Typically, each ml of the final aqueous
formulation contained 500 mcg fentanyl  



(as 800 rncg of fentanyl citrate), 40 mg phosphatidylcholine, 4 mg
cholesterol, WO 2603/082369 PCT/CA2004/00157$  _54_ and 100 mg
ethanol, in a solution of water for injection. After filling,  preparations were
autoclaved for final sterilization. Final preparations contained  between 35
to 45% of the fentanyl as free drug with the remainder in the
encapsulated fraction. 5 (b) Treatment protocol [0245] The procedure of
the following example shows how the  administration of a mixture of free
and liposome encapsulated fentanyl through  the lungs of a patient
delivers therapeutically effective concentrations to the 10 bloodstream and
that side effects of hypoxia are generally (but not always)  preceded by
somnolence, dizziness or sedation during the administration period.
[0246] Healthy volunteer subjects were treated with single or multiple
doses of a mixture of free and liposome encapsulated fentanyl using the
AeroEclipseTM Nebulizer breath-actuated unit with compressed air set at
8 '15 litres/minute. During each dosing period the nebulizer was charged
with a 3 ml  of the mixture of free (40%) and liposome encapsulated (60%)
fentanyl and the  subjects were instructed to inhale nebulized drug until
the device no longer  generated aerosol for inhalation. Subjects that
become drowsy, sleepy or dizzy  during the inhalation period were
encouraged to continue to self-administer the 20 drug until the nebulizer
was no longer generated aerosol. Plasma samples were  collected
through the administration period and for the 12 hours following  initiation
of administration to monitor plasma fentanyl concentrations. Subjects
were monitored for any adverse events, including changes in respiratory
rate  and hypoxia. 25 [0247] Control subjects were given intravenous
fentanyl. (c) Measurement of maximum plasma concentration and end of
dose plasma  concentration [0248] In order to determine whether subjects
could prevent toxic levels of  drug by self-limiting the drug before a toxic
effect was exhibited, maximum  30 plasma concentration (Cmax) was
plotted against plasma concentration at end 



of dosing (Ceod) (Figure 20A). Ceod was found in most cases to be within
80%  of Crnax, indicating that the maximum concentration of opioid was
not WO 2605/082360 PCT/CA200-1/06157,i  cF significantly higher than
the concentration at the time the subject stopped taking  the opioid. This is
in stark contrast to the control subjects (Figure 20B) where  subjects given
intravenous fentanyl exhibited Cmax concentrations significantly  higher
than Ceod. This indicates an increased safety in titration of drug by the 5
subjects, since the concentration (and resulting toxic effects) of the opioid
will not  increase significantly after the subject stops taking the opioid. This
indicates that,  in an inhaled opioid formulation of the disclosed
concentration over a relatively  long period of time (2-20 minutes), if the
"end of dose" amount is non-toxic, the  maximum concentration of opioid
taken by the subject is likely also non-toxic. 10 td) Determination of time
points for side effects and toxic effects [0249] In order for subjects to
effectively self-titrate, side effects of the  drug such as drowsiness,
dizziness or ventilatory depression should occur  before the onset of toxic
effects, Toxic effects were defined in this experiment as  blood hypoxia
resulting in a blood oxygen saturation lower than 90% of normal 15 for the
subject. In order to determine whether side effects occur before toxic
effects, time to a side effect, and time to a toxic effect, were plotted
against time  to end of dose (Figure 21). For any end of dose time, time to
side effect was  equal or shorter than time to toxic effect, indicating that
drowsiness. dizziness or  ventilatory depression always took place before
or at the time of toxic effect. 20 (e) Determination of correlation between
toxic effect and side effect [0250] In order for subjects to effectively
self-titrate, a toxic effect should  be almost always preceded by a side
effect causing (or signaling) the cessation  of administration of drug.
Figure 22 shows, for the total population of the study,  that side effect is
closely correlated to toxic effect, indicating that it is extremely 25 likely that
a subject exhibiting a toxic effect will have also exhibited a side effect.
[0251] This example shows, in a controlled trial of human subjects, that
(1) a toxic effect is almost always preceded by a side effect, and that (2)
Cmax of  inhaled opioid, in the dose profile given in this example, is
approximately Ceod.  Therefore, a subject who stops administration of
opioid when a side effect is felt  



30 will likely not reach opioid concentration levels required for toxic effect.
_Examole 6: Testing various nebuliz~r ogres for optimum delivery of drug
WO 200~/082369 /C:A3UOd/OQ1i7N  -56 [02521 rlgures 3. 5, 13 anc: 17
Include a description of device models that  are dependent on the rate of
inhalation and the amount of drug delivered to the  lung over a period of
time. The ventilatory depression models in Figures 5; 13 5 and 17 predict
how the side effects will limit the inhalation rate. In addition, there  is a
need to balance rate of opioid deposition on the lung with the rate of onset
of  effect at the site of action, The amount of drug dispensed with each
inhalation  must be controlled to below a selected threshold such that the
drug formulation  is conveniently, safely and effectively administered over
a 4-20 minute period. 1 C To assist with the optimization of formulation
and device selection, the  performance of a device with a particular
formulation can be characterized in  vitro. The following example
illustrates the testing of nebuiizer technologies for  optimum delivery of
drug to the lungs. [0253] Preparations containing a mixture of free fentanyl
and liposome  15 encapsulated fentanyl were preparea using the method
described in Example 5.  Final preparations contained between 35 to 45%
of the fentanyl as free drug with  the remainder in the encapsulated
fraction. [0254] The Andersen Cascade Impactor (ACI) technique is a well
established method for characterization of the aerosol emitted from a
nebuiizer.  20 (USP 26-NF21-2003, Chapter 601: Physical tests and
determinations: aerosols. United States Pharmacopoeia, Rockville, MD,
2105-2123. United States Federal  Drug Administration. 1998. Draft
guidance: metered dose inhaler (MDI) and dry  powder inhaler (DPI) drug
products chemistry, manufacturing and controls  documentation, Docket
98D-0997. United States Federal Drug Administration, 25 Rockville, MD.
Mitchell, JP; PA Costa; S Waters. 1987. An assessment of an  Andersen
Mark-11 Cascade Impactor. J. Aerosol Sci. 19:213-221). A variety of
parameters, including the rate of oploid output, the MMAD and [he fine
particle  traction, can be determined with this technique. The ACI was
operated at 28.3  litres/min at ambient laboratory conditions to test
commercially available 30 nebuiizers with the formation. The MMAD was
calculated as per US F ood and  



Drug Administration protocol 601 (USP 26-NF21-2003. Chapter 601:
Physical  Tests and Determinations: Aeroso)s. United States
Pharmacopoeia, Rockville, NVO 2005/082364 PCT'CA20047001578  5
MD, 2105-2123. United States Federal Drug Administration (FDA).) and
the fine  particle dose was determined as the Iracuon of the total aerosol
output that was collected in the ACi that deposited on plates with cutoff
parameters less than 4.7  microns. The amount of total opioid drug and
lipid carrier deposited on the  5 different stages of the ACI was determined
by HPLC analysis. [0255] Various commercially available small volume
nebulizers, the  breath-actuated AeroEclipse (Trudell Medical, London,
Ontario), the breath- enhanced Pari-LC Plus (PART GmbH, Sternberg,
Germany), and two  conventional small volume nebulizers, the MistyNeb
(Allegiance Healthcare 10 Corp., McGraw Park, IL) and the OptiMist
(Maersk Medical Inc.; McAllen, Texas)  were tested with the ACI
technique. For each device, the theoretical rate of  deposition of fentanyl
in the lung was calculated using the experimentally  determined opioid
output rate (mcgtsec), multiplied by the average time (20  seconds) of
inhalation over one minute and corrected for the experimentally  15
determined fine particle fraction. [0256] Healthy volunteer subjects were
treated with single doses of a  mixture of free and liposome encapsulated
fentanyl (as described in above)  using the various nebulizers (as
described above), to determine whether the  theoretical fentanyl deposited
to the deep lung could be correlated to the 20 average rate of delivery of
total fentanyl in vivo. A summary of the results are  shown below: Device
oretical Deposition Actual Deposition  (ACI) (in vivo) a AeroEclipse 31
mcg/min 29 mcg/min b) MistyNeb 23 mcg/min 17 mcg/min  c} OptiMist i
26 mcg/min 12 mcgimin  d) PariLC 4?_ mcg/mn 87 mcg/min [02571 This
experiment shows that the rate of inhalation with a specific  fentanyi
composition (as described in Example 5) yields a range of rates of  



25 deposition of fentany! to the deep lung. Very good correlation between
theoretical and actual deposition rates was realized with the
breath-actuated WO 2005/032369 - 58 - PC'T/CA2064/001578
AeroEclipse nebulizer and the breath-enhanced Pari-LC Plus Nebulizer.
Poor  correlation between theoretical and actual was observed for the
conventional  small volume jet nebulizers, MistyNeb and OptiMist, with
actual in vivo  deposition lower than predicted by the in vitro studies, The
experiment also 5 shows that other combinations of composition (with
different concentration of  opioid or different opioid ratio), combined with a
different nebulizer may be  developed to yield a desired rate of deposition
of opioid, and describes a method  of determining optimal combinations
using routine experimentation. Example 7: Clinical testing of guaiitative
effects or` Fentanyl preparations in  10 human sub el cts: [0258] The
following example shows how the analgesic effects and side  effects of an
appropriate inhaled drug formulation can be used by patients to  deliver
therapeutically effective amount of analgesic. 15 [0259] Preparations
containing a mixture of free fentanyl and liposome  encapsulated fentanyl
were prepared using the method described in Example 5.  Finai
preparations contained between 35 to 450/0 of the fentanyl as free drug
with  the remainder in the encapsulated fraction. [0260] Post-surgical
patients undergoing arthroscopic anterior cruciate  20 ligament repair
were studied, A standardized general anesthetic was  administered with
intravenous fentanyl as the intra-operative opioid analgesic.  Following the
surgery, with the patients recovering in the Post Anesthetic Care  Unit
(PACU), the patients were treated with a mixture of free and liposome
encapsulated fentanyl using the AeroEclipserM Nebulizer breath-actuated
unit 25 with compressed air set at 8 litres/minute when they first indicated
that they were  experiencing moderate or severe pain. The patients
self-regulated their dosing  by voluntary inhalations from the mouth-piece
of the AeroEclipse nebulizer  charged with 3 ml of the mixture of free and
liposome encapsulated fentanyl.  Patients were instructed to report the
time of onset of first perceptible analgesia 30 and stop the
self-administration at onset of effective pain or the onset of side  effects.
Subjects not achieving effective analgesia at the point the nebulizer was 



W(? 2005!082369 P"'IYCA20041001 578  -59 no longer generating
aerosol were provided a second nebulizer charged with an  additional 3 ml
of the mixture of free and liposome encapsulated fentanyl. in this  manner,
patients were, in effect, given treatment "ad libitum". Patient self-
administration of the nebulized drug involved the patient grasping the
nebulizer 5 with their hand or hands, placing the mouth piece of the
nebulizer in their mouth  with a tight seal, and activating the nebulizer
during the inspiration period of a  breathing cycle. Patients were instructed
to "breathe normally" throughout the  treatment until they reached
analgesia. [0261] Patients were monitored for any adverse events,
including changes  10 in respiratory rate and hypoxia. Patients were also
asked to describe their level  of pain as "none", "mild", "moderate", or
"severe", before and after self- administration of the nebulized drug, as
well as at the time of first experience of  breakthrough pain. [0262] During
this "singie dose" or "single treatment period" study, a  15 conventional
analgesic medication (intravenous morphine) was available to all  patients
at any time they experienced breakthrough pain. [02631 Most of the
post-surgical patients (80%) were eligible for treatment  with the nebulized
drug and reported "moderate" (46%) to "severe" (34%) post- operative
pain in the PACU. Patients reporting only "mild"" post-operative pain  20
were not treated. [0264] 95% of the treatment eligible patients
successfully used the study  drug to rapidly achieve perceptible analgesia
soon after commencing  nebulization, and were able to self-titrate their
dosing to the point of  adequate/effective analgesia via stopping the
nebulization. The mean time to 25 first perceptible analgesic effect was
5.2 minutes. The average time to effective  analgesia was 22.8 minutes of
self-administration of drug. At adequate/effective  analgesia, 5% reported
no pain, 78% reported "mild" pain, and 12% reported  their pain subsided
from "severe" to "moderate". Patients that achieved  adequate/effective
analgesia were monitored for breakthrough pain. 17% of the 30 patients
required no further opioid during the 12 hour study period.  



Breakthrough pain was experienced on average more than 2 hours after
W) 2005/082369 r'CT/CA2004/001578 -oo- completion of inhalation by
83% of the patients and required administration of  intravenous morphine.
[0265] Of the patients treated, 95% reported effective analgesia after self-
administration of the nebulized drug, and none experienced toxic effects.
84% of  5 the patients stopped self-administration of drug when they
reached a satisfactory level of analgesia. 11% of patients stopped
self-administration of drug shortly (3  minutes) after feeling (and reporting)
a side effect (sleepiness or nausea). 02661 These results show that the
analgesic effects and side effects of an  appropriate inhaled drug
formulation can be used by patients to deliver  10 therapeutically effective
amount of analgesic, while avoiding toxic effects. Example 8: Testing
various formulations for optimum delivers of drug [0267] The following
example shows various opioid formulations  appropriate for use in the
invention. The formulations are based on the known  15 pharmacokinetic
and pharmacodynamic profiles of the component drugs, their known
equivalent potency as compared to fentanyl, and the outcomes of the
clinical studies described above. [02681 Preparations containing a mixture
of opioids are prepared  according to the formulation chart shown below:
20 Raoia onset opioid Sustained Effect Opioid Rate of  Deposition  Type
Concentration Type Concentration In the Lung !mc lml (mcg/min)  g )
(mcg/ml) Fentanyl 200 a-Liposomal 300 15-60  fentanyl  Fontanyl 175
Liposomal f 325 15-60 j I  fentanyl  Fentanvl-~ 125 Liposomal 275 15-60 



WO 2005!032369 PCT/COY 2001100157$  fentanyl Alfentanil i 1600
Morphine 12000 00-1600 l  Alfentanil 1400 Morphine 13000 4-00-1700
Alfentanil 1&00 Morphire 171000 400-1500  [0269] I -lie foregoing
description is by way of example only and shall not be construed to limit
the scope of the invention as defined by the following  claims. 5 LLOYC)
WISE  -62 CLAIMS  1. An opioid formulation for use in a method of
providing analgesia to a patient  while avoiding toxicity; said method
comprising continuously inhaling the formulation  using a pulmonary drug
delivery device to produce analgesia, and stopping inhalation 5 when
satisfactory analgesia is achieved or at the onset of a side effect; said
pulmonary  drug delivery device being adapted to deposit particles of the
formulation in the lungs at  an effective rate; said formulation comprising
an effective amount of at least one rapid- onset opioid and at least one
sustained-effect opioid, being selected so that, during  inhalation,
analgesia is achieved before the onset of said side effect, and the onset of
10 said side effect occurs before the onset of toxicity, and so that the
maximum opioid  plasma concentration does not reach toxic levels,
whereby the onset of said side effect  can be used by the patient to
terminate inhalation to avoid toxicity, wherein the opioids  in the
formulation consist of free fentanyl and liposomally encapsulated fentanyl
and  the ratio of concentration of free fentanyl to liposomally encapsulated
fentanyl is about  15 2:3. 2. The opioid formulation of claim 1 wherein the
concentration and type of each  opioid is selected so that the maximum
opioid plasma concentration at the onset of  side effect is no less than
66% of the maximum opioid plasma concentration, preferably  no less
than 80% of the maximum total opioid plasma concentration. 20 3. The
opioid formulation of claim 1 wherein the total opioid concentration is from
250 to 1500 mcg/ml. 4. The opioid formulation of any one of claims 1 to 3
containing free fentanyl in a  



concentration of from 100 to 400 mcg/ml. 5. The opioid formulation of any
one of claims 1 to 4 containing liposomally  25 encapsulated fentanyl in a
concentration of from 250 to 750 mcg/ml. L.L0YD W!SE  -63 6. The opioid
formulation of any one of claims 1 to 5 wherein the total opioid
concentration is about 500 mcg/ml, the free fentanyl concentration is
about 200 mcg/ml  and the liposomally encapsulated fentanyl
concentration is about 300 mcg/ml. 7. The opioid formulation of any one of
claims 1 to 6, comprising:  5 150 to 250 mcg/ml of free fentanyl; 200 to
400 mcg/ml of liposomally encapsulated fentanyl; and  a pharmaceutically
acceptable carrier. 8. Use of the opioid formulation of any one of claims 1
to 7 in the manufacture of a  medicament for providing analgesia to a
patient, particularly through a pulmonary route  10 of administration. 9. A
pulmonary drug delivery device containing an opioid formulation for
producing  analgesia in a patient, said device comprising: a container
containing a formulation according to any one of claims 1 to 7;  an outlet
coupled to the container; 15 means coupled to the container for
dispensing particles of said formulation  through said outlet and into the
lungs through actuation by conscious patient effort and  at an effective
rate whereby, during inhalation, analgesia is achieved before the onset  of
an opioids side effect, and the onset of said side effect occurs before the
onset of  toxicity, and so that the maximum opioids plasma concentration
does not reach toxic 20 levels, and whereby the onset of said side effect
can be used by the patient to  terminate inhalation to avoid toxicity. 10. A
pulmonary drug delivery device containing an opioid formulation for
producing  analgesia in a patient, said device comprising: a container
containing a formulation comprising an effective amount of at least  25
one rapid-onset opioid, at least one sustained-effect opioid, and a
pharmaceutically  acceptable carrier; LLOYD V'JSE  -64 



an outlet coupled to the container; means coupled to the container for
dispensing particles of said formulation  through said outlet and into the
lungs, said means requiring conscious patient effort to  be actuated; 5
wherein the concentration and type of each opioid and effective rate of
delivery  of the particles are selected so that, during inhalation, analgesia
is achieved before the  onset of said side effect, and the onset of said side
effect occurs before the onset of  toxicity, and so that the maximum opioid
plasma concentration does not reach toxic  levels, whereby the onset of
said side effect can be used by the patient to terminate  10 inhalation to
avoid toxicity. 11. The device of claim 9 or 10 further comprising delivery
rate controlling means for  limiting the rate at which the formulation is
dispensed to below a selected threshold. 12. The device of any one of
claims 9 to 11 wherein said outlet comprises a  fenestration which must be
sealed by the lips of the patient in order for the formulation  15 to be
dispensed. 13. The device of any one of claims 9 to 11 wherein said
dispensing means is breath  actuated. 14. The device of any one of claims
9 to 13 wherein said particles have a mass  medium aerodynamic
diameter of from 1 to 5 microns. 20 15. The device of claim 14 wherein
said particles have a mass medium aerodynamic  diameter of from 1 to 3
microns. 16. The device of claim 14 or claim 15 wherein said particles
have a mass medium  aerodynamic diameter of from 1.5 to 2 microns. 17.
The device of any one of claims 9 to 16 wherein said means for
dispensing  25 particles dispenses between 0.2% to 1 % of the
formulation per inhalation. LLOYD WISE  _65 18. An opioid administration
kit comprising: a pulmonary drug delivery device according to any one of
claims 9 to 17; and  instructions for using said device comprising the steps
of continuously inhaling  the formulation using said device and stopping
inhalation when satisfactory analgesia  5 is achieved or at the onset of a
side effect. 19. An opioid administration kit comprising: 



a formulation comprising an effective amount of at least one rapid-onset
opioid,  at least one sustained-effect opioid, and a pharmaceutically
acceptable carrier; a pulmonary drug delivery device comprising a
container, an outlet coupled to  10 the container, means coupled to the
container for dispensing particles of formulation  contained therein through
said outlet and into the lungs through actuation by conscious  patient effort
and at an effective rate whereby, during inhalation, analgesia is achieved
before the onset of an opioid side effect, and the onset of said side effect
occurs before  the onset of toxicity, and so that the maximum total opioid
plasma concentration does 15 not reach toxic levels, and whereby the
onset of said side effect can be used by the  patient to terminate inhalation
to avoid toxicity; and instructions for using said device comprising the
steps of filling the container  with the formulation, continuously inhaling the
formulation using said device, and  stopping inhalation when satisfactory
analgesia is achieved or at the onset of a side  20 effect. 




