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(57) ABSTRACT 
The invention features devices and methods for treatment of 
pain. The drug delivery device is a drug delivery system 
adapted for Whole implantation in a subject and to provide 
pain relief by delivery of fentanyl or a fentanyl congener 
(e.g., sufentanil) over a protracted period of time (e.g., at 
least 3 days or more than 3 days). The device comprises a 
housing de?ning a reservoir that contains a drug formula 
tion, a pump operatively connected to the housing so as to 
facilitate movement of drug out of the reservoir and out of 
the device, and a thermal expansion element Which de?nes 
a How pathWay comprising a thermal expansion channel to 
accommodate thermal expansion of formulation in the res 
ervoir. The device can further comprise a valve positioned 
Within the How pathWay so as to prevent movement of drug 
out of the reservoir prior to use. 
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IMPLANTABLE DEVICES AND METHODS FOR 
TREATMENT OF PAIN BY DELIVERY OF 
FENTANYL AND FENTANYL CONGENERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of: 

[0002] US. application Ser. No. 09/522,535, ?led 
Mar. 10, 2000, Which application claims the bene?t 
of US. provisional application Ser. No. 60/125,589, 
?led Mar. 18, 1999; 

[0003] PCT application serial no. PCT/US01/06955, 
?led Mar. 2, 2002, Which application claims the 
bene?t of US. provisional application Ser. No. 
60/188,263, ?led Mar. 20, 2000; and 

[0004] PCT application serial no. PCT/US01/43143, 
?led Nov. 21, 2001, Which application claims the 
bene?t of US. provisional application Ser. No. 
60/250,328, ?led Nov. 29, 2000; 

[0005] and this application further claims the bene?t 
of US. provisional application Ser. No. 60/323,406, 
?led Sep. 17, 2001; and the bene?t of US. provi 
sional application 60/377,541, ?led May 3, 2002; 

[0006] each of Which applications is hereby incorpo 
rated by reference in its entirety. 

FIELD OF THE INVENTION 

[0007] The invention relates to devices and methods for 
the management of pain. 

[0008] Particularly, the invention relates to an implanted 
drug delivery device used to deliver a potent pain-killing 
drug over a protracted period of time. 

BACKGROUND OF THE INVENTION 

[0009] Many medications are used for the treatment of 
pain, ranging from Well knoWn, over-the-counter com 
pounds such as aspirin, acetaminophen, ibuprofen and other 
non-steroidal anti-in?ammatory compounds to the neWly 
developed chemical entities such as the cyclooxygenase II 
inhibitor compounds. Opiates in various forms, including 
opium, heroine and morphine Which derive from the opium 
poppy, have very poWerful analgesic properties. Opiates 
have been Widely used for anesthesia as Well for the treat 
ment of pain, especially Where the pain is very severe. In 
addition to these natural opiates, many synthetic opioids 
have since been synthesiZed including methadone, fentanyl 
and congeners of fentanyl such as sufentanil, alfentanil, 
lofentanil, carfentanil, remifentanil, etc. Of the opioids, 
morphine is still the drug of choice for management of pain 
at least in part due to its loW cost, the ability of the drug to 
provide relief from pain of a variety of origins, and the vast 
experience With this drug. Despite its therapeutic advantages 
and vast experience With the drug, many pain management 
experts believe that morphine and other opioids are under 
prescribed for patients Who require long-term pain therapy. 

[0010] One reason for underprescription is the risk of the 
side effects associated With long-term administration of 
opioids in general, such as development of opiate tolerance, 
dependence, constipation, and/or other undesirable side 
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effects (see, e.g., Moulin et al. 1992 Can Med. Assoc. J. 
146:891-7). Patients Who develop opioid tolerance require 
increased doses to achieve a satisfactory analgesic effect, 
and risk the development of further undesirable side effects 
such as respiratory depression, Which can be life threatening. 
Physical dependence, Which is related to factors such as the 
dose administered and the length of the administration 
period, can generally only be resolved by discontinuing 
opioid administration, Which in turn results in the onset of 
severely painful WithdraWal symptoms. Other side effects 
that can be associated With administration of opioids include 
reduced cough re?ex, bronchial spasms, nausea, vomiting, 
peripheral vasodilation, orthostatic hypotension, vagal 
impact on the heart, contraction of smooth muscles (sphinc 
ters), reduced peristaltic motility in the gastrointestinal tract 
(e.g., constipation), urinary retention, changes in regulation 
of body temperature and sleep pattern, and release of his 
tamine, adrenalin, and anti-diuretic hormone. The negative 
effects on respiratory function especially impact postopera 
tive patients, Who are particularly susceptible to depression 
of respiratory function. Even Where the concerns regarding 
side effects might be outWeighed by the serious need for pain 
relief as in terminally ill patients, many doctors still avoid 
prescribing opioids due to concerns of abuse of surplus 
medication by others in contact With the patient, or even that 
their frequent prescription of the drug might lead to criminal 
investigation. 
[0011] In addition to the disadvantages listed above per 
taining to opioids in general, morphine itself has also been 
associated With particular side effects, at times so severe as 
to make such therapy intolerable, especially for patients Who 
are on long-term pain therapy or Who require high doses of 
medication to obtain relief. Some of these side effects 
associated With morphine usage, particularly at high doses, 
include nausea and vomiting (see for example Paix et al. 
(1995) Pain 63:263-9) and severe constipation. In addition, 
Sjorgen et al. (1994 Pain 59:313-316) have reported the 
phenomena of hyperalgesia (increased response to certain 
stimulus Which is not normally painful), allodynia (sensation 
of pain felt even When stimulus is not normally painful) and 
myoclonus associated With morphine use. It has been 
hypothesiZed that morphine and its metabolites may induce 
such abnormal sensitivity (see, e.g., Sjorgen et al. (1.994) 
Pain 59:313-316). 
[0012] Fentanyl and its congeners Were originally devel 
oped as anesthesia agents, and are generally used in the 
United States for the limited purposes of intravenous admin 
istration in balanced general anesthesia, as a primary anes 
thetic, or, in the case of sufentanil, for epidural administra 
tion during labor and delivery. HoWever, these drugs also 
have poWerful analgesic properties and are several hundred 
or thousand times more potent than morphine depending on 
the particular congener. AfeW studies have in fact suggested 
that fentanyl and its congeners be used instead of morphine 
due to their increased potency and decreased side effects 
relative to morphine (see e.g., Sjorgen et al. (1994) Pain 
59:313-316 and Paix et al. (1995) Pain 63:263-9). Fentanyl 
and its congeners are, hoWever, more dif?cult to administer 
than morphine since they are not orally absorbed, are 
extremely potent (requiring very precise, accurate dosing of 
small amounts) and have very short half lives in the body 
thus requiring frequent dosing. For these reasons, conven 
tional methods for delivery of opioid analgesics are inad 
equate to meet these delivery requirements. For example, 
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fentanyl has been administered in single, small intravenous 
doses, but this method of administration, besides being 
impractical for long-term therapy, results in a short duration 
of-action and rapid recovery due to a redistribution into fat 
stores and a rapid decline in plasma concentration. The 
development of transdermal patch delivery technology 
alloWed fentanyl to be delivered continuously through the 
skin (e.g., the commercial DuragesicTM transdermal patch). 
Since the transdermal delivery method provided for constant 
drug delivery, it Was a marked improvement relative to bolus 
injection; hoWever, transdermal delivery also has several 
limitations. For example, transdermal delivery is disadvan 
tageous in that the dose of drug that can be delivered is 
limited by the available skin surface area, thus making 
transdermal delivery suitable for loW-to-medium opioid 
dose requirements, but often inadequate for more high dose 
requirements. In addition, transdermal delivery of drug is 
disadvantageous in that there is a delay in obtaining steady 
state plasma concentrations upon initiation of therapy, as 
Well as a prolonged period of continued effect even after 
removal of the patch. Other problems associated With trans 
dermal delivery include skin irritation, loss of adhesion after 
exposure to moisture (e.g., perspiration, bathing) the poten 
tial for diversion of drug for illicit purposes and patient 
distaste for the unsightliness of highly visible patches. 

[0013] While subcutaneous infusion of fentanyl and 
sufentanil have been the subject of experimentation on a 
limited basis, the methods disclosed in the prior art are 
impractical as long-term pain therapies. Paix et al. (1995 
Pain 63:263-9), for example, discloses the use of subcuta 
neous fentanyl and sufentanil as an alternative therapy in a 
small number of patients Who suffered signi?cant side 
effects associated With administration of morphine. In Paix 
et al., the drug Was infused into the subcutaneous space in 
relatively loW drug concentrations and at relatively large 
volume rates (e.g., on the order of 3 mL/day to 40 mL/day) 
via an external syringe driver. The treatment method dis 
closed by Paix et al. has several major disadvantages that 
render it impractical for long-term therapy. First, the provi 
sion of drug from an external source adversely affects 
mobility of the patient and is therefore inconvenient for 
ambulatory patients, increases the risk of infections at the 
subcutaneous delivery site and provides an opportunity for 
drug to be diverted for illicit uses. Second, the infusion of 
large volumes of ?uid may result in tissue damage or edema 
at the site of infusion. In addition, the absorptive capacity of 
the subcutaneous space limits the volume of ?uid that can be 
delivered (see, e.g., Anderson et al., supra), and this volu 
metric limitation can in turn limit the amount of drug that 
can be administered (e.g., in Paix et al., more potent opioids 
Were administered to some patients requiring high doses 
since the volume of morphine required Was too large to be 
effectively absorbed in the subcutaneous tissues). 

[0014] As is evident from the above, there is a great need 
for devices and methods for effective and practical manage 
ment of pain, particularly pain of long duration, With better 
ef?cacy and reduced side effects. The present invention 
addresses this problem. 

SUMMARY OF THE INVENTION 

[0015] The invention features devices and methods for 
treatment of pain. The drug delivery device is a controlled 
drug delivery system adapted for Whole implantation in a 
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subject and to provide pain relief by delivery of fentanyl or 
a fentanyl congener (e.g., sufentanil) over a protracted 
period of time (e.g., at least about 3 days or more than about 
3 days). The device comprises a housing de?ning a reservoir 
that contains a drug formulation, a pump operatively con 
nected to the housing so as to facilitate movement of drug 
out of the reservoir and out of the device, and a thermal 
expansion element Which de?nes a How pathWay comprising 
a thermal expansion channel to accommodate thermal 
expansion of formulation in the reservoir. The device can 
further comprise a valve positioned Within the How pathWay 
so as to prevent movement of drug out of the reservoir prior 
to use. 

[0016] Accordingly, in one aspect the invention features a 
controlled drug delivery device, adapted for Whole implan 
tation, the device comprising a housing de?ning a reservoir, 
the reservoir containing a formulation comprising a drug 
selected from the group consisting of fentanyl or a fentanyl 
congener, Wherein the drug is present in an amount suf?cient 
for treatment of pain in a subject for a period of at least about 
3 days; a pump operatively connected to the housing; and a 
thermal expansion element comprising an inlet, a thermal 
expansion channel adapted to contain a volume of formu 
lation associated With thermal expansion. In use, the inlet, 
thermal expansion channel, and outlet de?ne a How pathWay 
from the reservoir and out of the device such that actuation 
of the pump effects movement of formulation through the 
How pathWay. 

[0017] In speci?c embodiments, the thermal expansion 
element comprises a How pathWay that is at least partially 
de?ned by a plug, Which plug can be seated Within the 
housing. In other embodiments the thermal expansion ele 
ment comprises a How pathWay is at least partially de?ned 
by a plug seated Within the device housing, and by the plug 
and an inner Wall of the housing. 

[0018] In further speci?c embodiments, the thermal 
expansion element comprises a valve positioned and adapted 
for maintaining a sealed reservoir until opened. In related 
embodiments, the thermal expansion element comprises a 
plunger, the plunger having at least a portion slidably 
positioned Within the How pathWay and having a portion 
seated Within the valve such that When in a closed position 
the plunger and valve occlude the How pathWay to prevent 
movement of formulation out of the outlet. 

[0019] In further speci?c embodiments, the How pathWay 
narroWs from a Wider inlet and thermal expansion channel to 
a narroWer outlet. 

[0020] In still further embodiments, the device is adapted 
for delivery of drug at a rate of from about 0.01 micrograms 
per hour to 2000 micrograms per hour. 

[0021] In another embodiment, the drug in the formulation 
in the reservoir is present in a concentration of about 5 
mg/mL to about 400 mg/mL. 

[0022] In an embodiment of particular interest, the drug is 
sufentanil. 

[0023] In another aspect, the invention features a method 
of treating pain in a subject, the method comprising Wholly 
implanting at an implantation site in a subject a drug 
delivery device as described above, and parenterally deliv 
ering the formulation from the drug delivery device to the 
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subject so that drug enters the systemic circulation and is 
transported thereby to a site of action in an amount suf?cient 
to treat pain. 

[0024] In speci?c embodiments, the drug delivery device 
is implanted at a subcutaneous site from Which drug deliv 
ered from the device is released into the subcutaneous site, 
and then into the systemic circulation. In further speci?c 
embodiments, the formulation is delivered at a volume rate 
of from about 0.01 pal/day to 2 ml/day. In still other embodi 
ments, the drug is delivered at a rate of from about 0.01. pg 
per hour to 2,000 pg per hour. In further embodiments, drug 
is delivered for a period of from about 4 Weeks to 12 months. 
In another embodiment, the device comprises an amount of 
drug suf?cient to provide for alleviation of pain in a subject 
for a period of more than 30 days. In an embodiment of 
particular interest, the drug is sufentanil. 

[0025] One advantage of the invention is that the devices 
and methods described herein provide effective management 
of pain by administration of a relatively small quantity of 
fentanyl or a fentanyl congener (e.g., sufentanil), providing 
adequate pain relief and an improvement in adverse side 
effects relative to opioids, such as morphine (e.g., decreased 
gastrointestinal cramping). Given the adverse effects of 
opioid analgesics, this advantage is of considerable bene?t 
to those requiring pain relief, particularly in relatively long 
term (e.g., 1-4 months) pain situations. Furthermore, the 
method may be more cost-effective, and thus may make pain 
management available to a broader population. 

[0026] Another advantage of the invention is that the 
invention can be used to deliver relatively small quantities of 
fentanyl and fentanyl congeners accurately and precisely 
and thus safely delivering such drugs despite the extreme 
potency of these drugs compared to morphine. Thus, the 
invention alloWs for the convenient use of these drugs for 
treatment of pain ranging in severity from mild to severe. 

[0027] One particular advantage of the invention is that an 
amount of fentanyl or a fentanyl congener suf?cient to 
provide a relatively long duration of therapy can be stored 
safely and stably Within the body and Without deleterious 
effect given the high potency of the subject compounds. 

[0028] Another advantage is that the drug delivery devices 
stores the drug formulation safely during use (e.g., Without 
dose dumping), and release the drug formulation in a con 
trolled fashion at a therapeutically effective rate to treat pain. 
Thus the devices and methods of the invention obviate 
undesirable bolus delivery upon implantation. 

[0029] An important advantage of the invention is that the 
thermal expansion element accommodates thermal expan 
sion of the formulation in the reservoir, thus minimiZing the 
risk of initial increase of drug release due to thermal 
expansion of the formulation upon implantation into the 
body. 

[0030] Another notable advantage of the invention is that 
the use of an implantable drug delivery device avoids the 
need for placement of external needles and/or catheters in 
the subject, Which cause discomfort-and can provide sites 
susceptible to infection. In addition, use of an implanted 
device increases patient compliance With a prescribed thera 
peutic regimen, substantially decreases or completely avoids 
the risk of abuse of the drug by the patient or others in 
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contact With the patient, and affords greater mobility and 
easier outpatient management. 

[0031] Another advantage of the invention is that fentanyl 
or a fentanyl congener can be delivered into the systemic 
circulation With such accuracy and precision and at such loW 
quantities as to permit long-term use of such compounds to 
treat pain. 

[0032] A further advantage is that a therapeutically effec 
tive dose of fentanyl and fentanyl congeners can be deliv 
ered at such relatively loW volume rates, e.g., from about 
0.01 pal/day to 2 ml/day so as to minimiZe tissue disturbance 
or trauma. 

[0033] Another advantage of the invention is that substan 
tially continuous delivery of small quantities of fentanyl or 
fentanyl congener (e.g., sufentanil) is effective in long-term 
(e.g., chronic) administration (e.g., from several Weeks or 
from about 1 to 12 months or more). 

[0034] The method of the invention is also advantageous 
in that since the selected drugs (e.g., sufentanil) are highly 
lipophilic relative to other opioids, thus facilitating delivery 
of the drug across the blood-brain barrier. For example, the 
octanol/Water partition coef?cient of sufentanil is 1,727, 
compared to a coef?cient of 1.4 for morphine. Systemic 
administration (e.g., by subcutaneous delivery) of certain 
lipophilic fentanyl congeners, e.g., sufentanil, may be as 
effective as if the drug Were delivered directly to the central 
nervous system. 

[0035] Still another advantage is that the invention may 
decrease the severity or incidence of side effects normally 
associated With use of morphine in pain management. 

[0036] Still another advantage is that the invention reduces 
the potential for diversion of the drug from the intended 
recipient, prevents the user from accidental or intentional 
unprescribed alteration of dose, and therefore reduces the 
potential for drug abuse. 

[0037] These and other advantages of the invention Will be 
readily apparent to the ordinarily skilled artisan upon read 
ing the present speci?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a graph shoWing in vitro release of 
sufentanil from exemplary devices comprising an osmotic 
pump at a rate of 20 pig/hr for a period of about 48 days. 

[0039] FIG. 2 is a graph shoWing cumulative in vitro 
release of sufentanil from exemplary devices comprising an 
osmotic pump at a rate of 20 pig/hr for a period of about 48 
days. 

[0040] FIG. 3 is a graph shoWing in vitro release of 
sufentanil from exemplary devices comprising an osmotic 
pump at a rate of about 5 pig/hr for a period of about 48 days. 

[0041] FIG. 4 is a graph shoWing the average pumping 
rates (microliters per day) of the devices of FIGS. 1 and 3, 
With an average pumping rate being betWeen about 2 and 2.5 
microliters per day. 

[0042] FIG. 5 illustrates a portion of a thermal expansion 
element comprising a valve in a position at Which How is 
prevented. This embodiment of the thermal expansion ele 
ment both compensates for thermal expansion of the drug 
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contained in the reservoir, and also allows the drug delivery 
device to be kept closed and sealed until just prior to 
implantation. 

[0043] FIG. 6 illustrates the delivery device as in FIG. 5, 
but With the valve of the thermal expansion element posi 
tioned to alloW ?oW from the delivery device. 

[0044] FIG. 7 is a cut-aWay vieW of a thermal expansion 
element positioned for use in the housing of a drug delivery 
device. 

[0045] FIG. 8 is a cut-aWay vieW of drug delivery device 
comprising an osmotic pump containing osmotic (salt) tab 
lets, and a sufentanil formulation. The thermal expansion 
element in this embodiment comprises a valve shoWn in the 
sealed position. 

[0046] FIG. 9 relates to EXAMPLE 5 and shoWs in vitro 
release-rate data for drug delivery device comprising an 
osmotic pump system using the embodiment as shoWn in 
FIG. 8. 

[0047] FIG. 10 relates to EXAMPLE 5 and shoWs sufen 
tanil (lug/hour) released in vitro plotted against collection 
interval. Thin lines represent data from each of six indi 
vidual devices. The thick line indicates the mean value; error 
bars represent standard deviations (SD). 

[0048] FIG. 11 relates to EXAMPLE 7 and shoWs plasma, 
concentrations of sufentanil before and during induction of 
experimental fever are shoWn. Each line represents data 
from an individual human subject. 

[0049] FIG. 12 is a graph shoWing plasma sufentanil 
concentration folloWing implantation. 

[0050] FIG. 13 is a graph shoWing sufentanil plasma 
concentration (Cp), normaliZed to a dose 1 microgram/hr 
folloWing implantation. 

[0051] Before the present device and methods for treat 
ment of pain are described, it is to be understood that this 
invention is not limited to the speci?c methodology, devices, 
therapeutic formulations, and pain syndromes described as 
such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention Which Will be limited only by 
the appended claims. 

[0052] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “and”, and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “a drug delivery 
device” includes a plurality of such devices and reference to 
“the method of delivery” includes reference to equivalent 
steps and methods knoWn to those skilled in the art, and so 
forth. 

[0053] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art to Which this 
invention belongs. Although any methods, devices and 
materials similar or equivalent to those described herein can 
be used in the practice or testing of the invention, the 
preferred methods, devices and materials are noW described. 

[0054] All publications mentioned herein are incorporated 
herein by reference for the purpose of describing and dis 
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closing the compositions and methodologies Which are 
described in the publications Which might be used in con 
nection With the presently described invention. The publi 
cations discussed herein are provided solely for their dis 
closure prior to the ?ling date of the present application. 
Nothing herein is to be construed as an admission that the 
invention is not entitled to antedate such a disclosure by 
virtue of prior invention. 

De?nitions 

[0055] The term “drug” as used herein is generally meant 
to refer to fentanyl or a fentanyl congener (e.g., sufentanil, 
alfentanil, lofentanil, carfentanil, remifentanil, trefentanil, 
and mirfentanil), as Well as formulations comprising one or 
more of these compounds. Use of “drug” or the phrase 
“fentanyl or fentanyl congener” is not meant to be limiting 
to use of, or formulations comprising, only one of these 
selected opioid compounds. Furthermore, reference to fen 
tanyl alone or to a selected fentanyl congener alone, e.g., 
reference to “sufentanil,” is understood to be only exemplary 
of the drugs suitable for delivery according to the methods 
of the invention, and is not meant to be limiting in any Way. 

[0056] The term “subject” is meant any subject, generally 
a mammal (e. g., human, canine, feline, equine, bovine, etc.), 
in Which management of pain is desired. 

[0057] The term “systemic delivery” is meant to encom 
pass all parenteral routes of delivery Which permit drug to 
enter into the systemic circulation, e.g., intravenous, intra 
arterial, intramuscular, subcutaneous, intra-adipose tissue, 
intra-lymphatic, etc. 

[0058] The term “therapeutically effective amount” is 
meant an amount of a therapeutic agent, or a rate of delivery 
of a therapeutic agent (e.g., amount over time), effective to 
facilitate a desired therapeutic effect, such as pain relief. The 
precise desired therapeutic effect (e.g., the degree of pain 
relief, and source of the pain relieved, etc.) Will vary 
according to the condition to be treated, the drug and/or drug 
formulation to be administered (e.g., the potency of the 
fentanyl congener, the concentration of drug in the formu 
lation, and the like), and a variety of other factors that are 
appreciated by those of ordinary skill in the art. In general, 
the method of the invention involves the suppression or 
mitigation of pain in a subject suffering from pain that may 
be associated With any of a variety of identi?able or uni 
denti?able etiologies. 

[0059] The term “pain management or treatment” is used 
here to generally describe regression, suppression, or miti 
gation of pain so as to make the subject more comfortable as 
determined by subjective criteria, objective criteria, or both. 
In general, pain is assessed subjectively by patient report, 
With the health professional taking into consideration the 
patient’s age, cultural background, environment, and other 
psychological background factors knoWn to alter a person’s 
subjective reaction to pain. 

[0060] “Delivery site” as used herein is meant to refer to 
an area of the body to Which drug is delivered for entry into 
the systemic circulation, e.g., a site Which alloWs systemic 
access of drug delivered to the site. Exemplary delivery sites 
compatible With systemic delivery of drug include, but are 
not necessarily limited to, subcutaneous, intravenous, intra 
arterial, intramuscular, intra-adipose tissue, and intra-lym 
phatic sites. 
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[0061] The term “implantation site” is used to refer to a 
site Within the body of a subject at Which a drug delivery 
device is introduced and positioned. 

[0062] “Drug delivery device” as used herein is meant to 
any device adapted for Whole implantation in a subject, and 
suitable for delivering the formulations for pain manage 
ment according to the invention. In general, “drug delivery 
device” as used herein refers to an implantable device that 
provides for movement of drug from a reservoir (de?ned by 
a housing of the device) by action of an operatively con 
nected pump, e.g., osmotic pumps, vapor pressure pumps, 
electrolytic pumps, electrochemical pumps, effervescent 
pumps, pieZoelectric pumps, or electromechanical pump 
systems. 

[0063] “Patterned” or “temporal” as used in the context of 
drug delivery is meant delivery of drug in a pattern, gener 
ally a substantially regular pattern, over a pre-selected 
period of time (e.g., other than a period associated With, for 
example a bolus injection). “Patterned” or “temporal” drug 
delivery is meant to encompass delivery of drug at an 
increasing, decreasing, substantially constant, or pulsatile, 
rate or range of rates (e.g., amount of drug per unit time, or 
volume of drug formulation for a unit time), and further 
encompasses delivery that is continuous or substantially 
continuous, or chronic. 

[0064] The term “controlled drug delivery device” is 
meant to encompass any device Wherein the release (e.g., 
rate, timing of release) of a drug or other desired substance 
contained therein is controlled by or determined by the 
device itself and not the environment of use. “Controlled 
delivery” or “controlled release” are terms used to describe 
delivery of drug using such a device. 

[0065] “Operatively connected” as used herein means the 
components are provided in a device so as to function as 
intended. For example, a pump operatively connected to or 
in a housing de?ning a reservoir of a device of the invention 
is meant to indicate that, upon actuation, the pump provides 
for movement of formulation out of the reservoir and out of 
the device. 

[0066] “Sustained drug delivery” refers to release or 
administration of drug from a source (e.g., a reservoir) over 
a protracted period of time. Sustained drug delivery is in 
effect the opposite of bolus drug delivery. 

[0067] By “substantially continuous” as used in, for 
example, the context of “substantially continuous delivery” 
is meant to refer to delivery of drug (e.g., sufentanil) in a 
manner that is substantially uninterrupted for a pre-selected 
period of drug delivery (other than a period associated With, 
for example, a bolus injection). Furthermore, “substantially 
continuous” drug delivery can also encompass delivery of 
drug at a substantially constant, pre-selected rate or range of 
rates (e.g., amount of drug per unit time, or volume of drug 
formulation for a unit time) that is substantially uninter 
rupted for a pre-selected period of drug delivery. 

[0068] The term “reservoir” refers to a chamber or con 
tainment space Within a delivery device for storing an agent 
to be delivered from the delivery device. 

[0069] The terms “?oW path” or “?oW pathWay” refers to 
the pathWay taken by an agent as it is dispensed from a 
reservoir of a delivery device to the outside of the delivery 
device. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0070] The invention relates to an implanted controlled 
drug delivery device, Which in certain embodiments com 
prises a miniature pump, Where the drug delivery device 
effects delivery of fentanyl or a fentanyl congener, e.g., 
sufentanil. The housing of the device de?nes a reservoir in 
a drug formulation for delivery is contained. The device 
further comprises a thermal expansion element, Which 
de?nes a How pathWay (or ori?ce) having an inlet, an outlet, 
and a thermal expansion channel betWeen the inlet and 
outlet. The thermal expansion channel compensates for 
initial thermal expansion of a liquid drug formulation con 
tained in a reservoir of the device after device is implanted 
in the body of a subject. In various exemplary embodiments, 
the thermal expansion element comprises a plug, or a plug 
and an inner Wall of the device housing. Various portions of 
the How pathWay of the thermal expansion element can be 
de?ned by the plug and/or the plug and an inner Wall of the 
housing in Which the plug is seated. 

[0071] The device can also comprise a valve, Which is 
positioned in the How pathWay de?ned by the thermal 
expansion element so as to prevent leakage of drug from the 
pump prior to use or upon implantation. This device can be 
implanted into a patient to provide pain relief over a pro 
tracted period of time. The device and How pathWay de?ned 
the thermal expansion element are adapted to provide for 
controlled release of fentanyl or fentanyl congener from the 
reservoir, so as to provide an accurate, sustained delivery of 
a drug over Weeks or months. The invention thus ?nds 
particular use in delivery of fentanyl congeners, such as 
sufentanil, Which congeners are hundreds of times to thou 
sands of time more potent than morphine. 

[0072] Pain Susceptible to Management With the Devices 
and Methods of the Invention 

[0073] In general, administration of fentanyl or a fentanyl 
congener according to the invention can be used to facilitate 
management of pain (e.g., palliative care through, e.g., 
systemic or centrally mediated analgesia) that is associated 
With any of a Wide variety of disorders, conditions, or 
diseases. “Pain” as used herein, unless speci?cally noted 
otherWise, is meant to encompass pain of any duration and 
frequency, including, but not limited to, acute pain, chronic 
pain, intermittent pain, and the like. Causes of pain may be 
identi?able or unidenti?able. Where identi?able, the origin 
of pain may be, for example, of malignant, non-malignant, 
infectious, non-infectious, or autoimmune origin. Of par 
ticular interest is the management of pain associated With 
disorders, diseases, or conditions that require long-term 
therapy, e.g., chronic and/or persistent diseases or conditions 
for Which therapy involves treatment over a period of 
several days (e.g., about at least 3 days to 10 days), to several 
Weeks (e. g., about 2 Weeks or 4 Weeks to 6 Weeks), to several 
months or years, up to including the remaining lifetime of 
the subject. Subjects Who are not presently suffering from a 
disease or condition, but Who are susceptible to such may 
also bene?t from prophylactic pain management using the 
devices and methods of the invention, e.g., prior to traumatic 
surgery. Pain amenable to therapy according to the invention 
may involve prolonged episodes of pain alternating With 
pain-free intervals, or substantially unremitting pain that 
varies in severity. 
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[0074] In general, pain can be nociceptive, somatogenic, 
neurogenic, or psychogenic. Somatogenic pain can be mus 
cular or skeletal (i.e., osteoarthritis, lumbosacral back pain, 
posttraumatic, myofascial), visceral (i.e., pancreatitis, ulcer, 
irritable boWel), ischemic (i.e., arteriosclerosis obliterans), 
or related to the progression of cancer (e.g., malignant or 
non-malignant). Neurogenic pain can be due to posttrau 
matic and postoperative neuralgia, can be related to neuro 
pathies (i.e., diabetes, toxicity, etc.), and can be related to 
nerve entrapment, facial neuralgia, perineal neuralgia, pos 
tamputation, thalamic, causalgia, and re?ex sympathetic 
dystrophy. 

[0075] Speci?c examples of conditions, diseases, disor 
ders, and origins of pain amenable to management according 
to the present invention include, but are not necessarily 
limited to, cancer pain (e.g., metastatic or non-metastatic 
cancer), in?ammatory disease pain, neuropathic pain, post 
operative pain, iatrogenic pain (e.g., pain folloWing invasive 
procedures or high dose radiation therapy, e.g., involving 
scar tissue formation resulting in a debilitating compromise 
of freedom of motion and substantial pain), complex 
regional pain syndromes, failed-back pain (e.g., acute or 
chronic back pain), soft tissue pain, joints and bone pain, 
central pain, injury (e.g., debilitating injuries, e.g., paraple 
gia, quadriplegia, etc., as Well as non-debilitating injury 
(e.g., to back, neck, spine, joints, legs, arms, hands, feet, 
etc.)), arthritic pain (e.g., rheumatoid arthritis, osteoarthritis, 
arthritic symptoms of unknoWn etiology, etc.), hereditary 
disease (e.g., sickle cell anemia), infectious disease and 
resulting syndromes (e.g., Lyme disease, AIDS, etc.), head 
aches (e.g., migranes), causalgia, hyperesthesia, sympathetic 
dystrophy, phantom limb syndrome, denervation, and the 
like. Pain can be associated With any portion(s) of the body, 
e.g., the musculoskeletal system, visceral organs, skin, ner 
vous system, etc. 

[0076] Cancer pain is an example of one broad category of 
pain that can be alleviated according to the methods of the 
invention. One of the underlying causes of cancer pain is the 
severe local stretching of tissues by the neoplastic lesion. 
For example, as the cancer cells proliferate in an unrestricted 
manner, the tissues in the local region of cancer cell prolif 
eration are subjected to mechanical stress required to dis 
place tissue and accommodate the increased volume occu 
pied by the tumor mass. When the tumor burden is con?ned 
to a small enclosed compartment, such as the marroW of a 
bone, the resulting pressure can result in severe pain. 
Another cause of cancer pain can result from the aggressive 
therapies used to combat the patient’s cancer, e.g., radiation 
therapy, chemotherapy, etc. Such cancer therapies can 
involve localiZed or Widespread tissue damage, resulting in 
pain. 

[0077] Pain associated With any type of malignant or 
non-malignant cancer is amenable to alleviation according 
to the invention. Speci?c examples of cancers that can be 
associated With pain (due to the nature of the cancer itself or 
therapy to treat the cancer) include, but are not necessarily 
limited to lung cancer, bladder cancer, melanoma, bone 
cancer, multiple myeloma, brain cancer, non-Hodgkins lym 
phoma, breast cancer, oral cancers, cervical cancer, ovarian 
cancer, colon cancer, rectal cancer, pancreatic cancer, dys 
plastic nevi, endocrine cancer, prostate cancer, head and 
neck cancers, sarcoma, Hodgkins disease, skin cancer, kid 
ney cancer, stomach cancer, leukemia, testicular cancer, 
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liver cancer, uterine cancer, and aplastic anemia. Certain 
types of neuropathic pain can also be amenable to treatment 
according to the invention. 

[0078] Back pain, Which is also amenable to management 
using the methods of the invention, is another broad cat 
egory of pain that can be alleviated by application of the 
methods of the invention. Back pain is generally due to one 
or more of the folloWing six causes: stress on interver 

tebral facet joints, caused by slippage, arthritis, Wedging, or 
scoliosis; (ii) radiculopathy, the mechanical compression of 
the nerve root due to bulging discs or tumors; (iii) tendonitis 
or tendon sprain; (iv) muscle spasm or muscle sprain; (v) 
ischemia, a local insufficiency in circulatory ?oW; and (vi) 
neuropathy, damage to nervous tissue of metabolic etiology 
or arising from cord tumors or central nervous system 
disease. 

[0079] The methods of the invention can be used to 
manage pain in patients Who are opioid na'ive or Who are no 
longer opioid na'ive, although due to the potency of the drugs 
administered, patients are preferably not opioid na'ive. 
Exemplary opioid naive patients are those Who have not 
received long-term opioid therapy for pain management. 
Exemplary non-opioid na'ive patients are those Who have 
received short-term or long-term opioid therapy and have 
developed tolerance, dependence, or other undesirable side 
effect. For example, patients Who have intractable adverse 
side effects With oral, intravenous, or intrathecal morphine, 
transdermal fentanyl patches, or conventionally adminis 
tered subcutaneous infusions of fentanyl, morphine or other 
opioid can achieve good analgesia and maintain favorable 
side-effects pro?les With delivery of fentanyl or a fentanyl 
congener When administered in the dose ranges and/or loW 
volume rates described above. 

[0080] Administration of drug using an implanted device 
according to the invention is particularly preferred Where 
delivery by other routes has become undesirable, e.g., the 
subject has experienced intractable adverse side effects With 
oral, intravenous, or intrathecal morphine, transdermal fen 
tanyl patches, or conventionally administered subcutaneous 
infusions (e.g., using a syringe driver system or other 
delivery system that requires relatively high volume deliv 
ery). Delivery using an implanted device is convenient for 
the subject, as the implantation and removal procedures are 
simple and can be conducted on an out-patient basis Where 
the patient’s health alloWs such. Implanted drug delivery 
devices also increase patient compliance, prevent drug 
diversion and abuse, reduce the risk of infection associated 
With external drug delivery devices or other methods that 
require repeated breaking of the skin and/or maintenance of 
a port for administration. 

[0081] Formulations of Fentanyl and Fentanyl Congners 
[0082] Fentanyl, congeners of fentanyl, and speci?c 
derivatives or analogs of fentanyl or fentanyl congeners 
(e.g., other derivatives, particularly 4-anilidopiperidine 
derivatives, of morphine) are contemplated for delivery 
according to the invention, although variations Within the 
scope of the invention Will be readily apparent to the 
ordinarily skilled artisan upon reading the disclosure pro 
vided herein. Exemplary fentanyl congeners include, but are 
not necessarily limited to sufentanil, alfentanil, lofenatnil, 
carfentanil, remifentanil, trefentanil, and mirfentanil. 
[0083] The speci?c fentanyl congener used can vary With 
a variety of factors, including the therapeutic effect desired 


























