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INHALATION THERAPY COMPLIANCE TRACKING SYSTEM AND APPARATUS

The present invention relates to the field of pulmonary drug delivery. It is particularly well-
suited for, but is by no means limited to, delivery of blood glucose lowering agents and hor-
mones in diabetic patients. For example, it can be applied to the area of pulmonary insulin
delivery.

BACKGROUND OF THE INVENTION

Many conditions require periodic self administration of medications. While in most cases oral
administration of a medication is probably most convenient for a patient, there are many
medications that are not capable of being administered orally. One alternative route of ad-
ministration is a pulmonary route in which a patient inhales a liquid or powdered medicine,
usually in an aerosol form. While conventional inhalers and nebulizers are often used to treat
lung and breathing aliments, the ability to systematically deliver to a patient’s circulatory sys-
tem through the patient’s lungs a controlled, consistent, and precise dose of medication has
proven more difficult. It is often not enough to merely deliver the same dose to the patient’s
airway. Getting a consistent and controlled dose absorbed often requires breath control, as
well as controlling parameters of the aerosolized formulation. Thus, inhalation drug/ medica-
tion therapy for treating diseases, such as diabetes, is more difficult to control and may re-
quire sophisticated monitoring systems and methods in order to achieve a satisfactory treat-
ment outcome for the patient.

A well-known problem in clinical trials, as well as regular disease treatment, is a patient’s
poor adherence to the prescribed treatment regimen. This is known as non-compliance.
Usually the only source a health care provider (“‘HCP”) has to monitor patient compliance is
the patient’s self-written diary, the accuracy of which is notoriously defective. In many cases
it is impossible to get a patient to even track compliance, and if the patient can be convinced
to track it, the data is often not collected contemporaneously by the patient, but is recorded
later.

Situations where patients are non-compliant may require changes in regimens or substituting
drugs in order to avoid a poor outcome. Typically, the poor outcomes that the HCP tries to
avoid are not to due to the drugs characteristics but to incorrect dosing/use due to patient
non-compliance with a prescribed treatment regimen. While this problem exists with all types
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of drug delivery, including oral administration, injection, and inhalation, at least with oral ad-

ministration the issue is more one of whether the medication was taken. Injection therapy
adds a variable in the patient must inject the proper dose, but proper education can often
minimize poor adherence with this variable. With inhalation therapy in general and inhalation
of insulin and insulin like compounds in particular, there are numerous variables that the pa-
tient is not even aware of and therefore measuring compliance with these parameters is of-

ten impossible.

Thus, there is a medical need to monitor patient compliance with a treatment regimen. This
need is particularly acute in the area of self-administered treatments, such as those em-
ployed in the treatment of diabetes and the need is even greater in the area of pulmonary
administered treatments. The need is multifaceted in that the patient needs to know quickly
whether he/she has done his/her part for a particular treatment or dosing episode and in that
the HCP and/or patient also needs to know how well the patient is complying with a treat-

ment regimen over a period of time, usually days, weeks, or months.

Many of the inhalation devices for delivery of medications to a patient’s circulatory system via
a pulmonary route can be quite sophisticated. For example the AERx® iDMS device de-
scribed in US patent 6,167,880, which is hereby incorporated by reference, automatically re-
cords various data on inhalation performance, time and dose in the device memory and re-
lieve the patient of recording these data. And thus these types of devices are readily useable
with the present invention. Of course even simple devices can be used with the present in-
vention. For example, metered dose inhalers can employ the apparatus of WO 97/13553,
which is hereby incorporated by reference, and thus would be readily adaptable to work with
the present invention described below.

SUMMARY OF THE INVENTION

The present invention provides methods and systems for assisting a patient and/or a health
care provider in treating a disease where the treatment regimen is administered by the pa-
tient. In one aspect, the present invention is useful in helping a patient know that a particular
administration of a medicament thru a pulmonary route has been successful. In another as-
pect, it is useful in allowing the patient and/or healthcare provider to determine how effec-
tively the patient is complying with a prescribed treatment regimen over a period of time.
Typically it is beneficial to monitor compliance from day-to-day over the period of time.
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In a first aspect a system for assisting a patient in self treating a condition via pulmonary ad-
ministration of a medicament is provided, the system comprising an inhalation device for
aerosolizing a drug formulation, the device capable of administering multiple doses of the
formulation over a period of time, and an input means for receiving target values for certain
parameters relating to pulmonary administration of the formulation from a health care pro-
vider or a patient under the care of a health care provider. The system further comprises a
monitoring system for monitoring values of a plurality of parameters relating to pulmonary
administration of the formulation, the monitored parameters including those for which target
values have been inputted and further including parameters relating to inhalation technique
performed by the patient, and a processor configured to compare the monitored values to the
target values for the certain parameters whose values have been inputted by the health care
provider or the patient, the processor further configured to compare monitored parameters
relating to inhalation technique with predetermined target values for inhalation technique pa-
rameters, wherein the process is further configured to generate indicators indicating whether
monitored parameters had values within their respective targets. The system also comprises
a display that displays in a single view whether a plurality of monitored parameters achieved
their target values by displaying a first symbol where a target value or target values were
achieved and a second symbol where a target value or target values were not achieved.

In the first aspect as well as in the other aspects described below, the condition may be dia-
betes and the formulation (or drug or agent) may be an anti-diabetic formulation. A value
may be a value per se, and may represent an upper or a lower limit (e.g. >5 or <10), or the
value may represent a range (e.g. 5-10). The display may comprises a single display unit
(e.g. a single LCD screen) or may comprise two or more displays or indicators adapted to in
combination provide a single view display of the defined information. In the above embodi-
ment the system is adapted to monitor parameters including those for which target values
have been inputted and further including parameters relating to inhalation technique per-
formed by the patient, however, in alternatively embodiments, the system may be adapted to
monitor either those parameters for which target values have been inputted or parameters
relating to inhalation technique performed by the patient. The patient or health care provider
inputted target values for parameters may include values for dose size and time the dose is
to be administered, and the monitored inhalation technique parameters may include one or

more of the following: inspiratory flow, chaser volume, and inspiratory volume.
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In the context of the present application and as used in the specification and claims, the term

processor covers any combination of electronic circuitry suitable for providing the specified
functionality, e.g. processing data and controlling memory as well as all connected input and
output devices. The processor will typically comprise one or more CPUs or microprocessors
which may be supplemented by additional devices for support or control functions.

In a further aspect a method of assisting a patient in complying with a prescribed inhalation
treatment regime is provided, the method comprising the steps of (a) receiving target values
for a plurality of parameters relating to the inhalation treatment, (b) following a treatment epi-
sode displaying whether the patient achieved the target values for the plurality of the pa-
rameters, wherein the displaying occurs by presenting a single view showing a representa-
tion of each monitored parameter and a graphical indication indicating for each whether

compliance was or was not met.

In a further aspect an inhalation system for assisting a health care provider in determining if a
patient is complying with a self-treatment regimen that includes pulmonary administration of
a formulation is provided, the system comprising an inhalation device for aerosolizing a for-
mulation of the agent, an input means for receiving recommended target values for dosing
parameters from a health care provider or patient under the care of a health care provider,
and a monitoring system configured for monitoring actual values for the dosing parameters
from each administration of the formulation, the monitoring system also configured for moni-
toring inhalation technique by monitoring one or more inhalation parameters that occurs dur-
ing each administration of the formulation, thereby monitoring whether the inhalation tech-
nique performed by the patient was on target. The system further comprises a processor
configured to compare the monitored values with the recommended values and to generate
an indicator that indicates whether or not the monitored value comports with the target val-
ues, the processor further configured to compare inhalation technique with a predetermined
proper inhalation technique and generate an indicator if the monitored inhalation technique
comports with the predetermined proper target inhalation technique, wherein the processor is
configured to display in a single view whether the patient was in compliance with recom-
mended or predetermined proper values for one or more parameters over a period of multi-

ple days.

In a yet further aspect, a method for assisting a health care provider in determining whether a
patient is complying with a predetermined self-treatment regimen is provided, the method
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comprising the steps of (a) inputting target values for various parameters associated with a

self-treatment inhalation regimen for treating a condition, (b) comparing actual values that the
patient achieves for the various parameters with the target parameters values of a period of
multiple days, and (c) periodically displaying in a single view information for the period of
multiple days along with an indicator that indicates when during that period the patient was

out of compliance with a target values for one or more of the various parameters.

In a yet further aspect, a system for helping determine patient compliance with a predeter-
mined self-treatment regimen that includes inhalation of a medicament, the system compris-
ing a display configured to display in a single view whether the patient properly administered
a dosage of a medicament via a pulmonary route, the display showing in a single view
whether the patient was in compliance with target values for a plurality of parameters at least
one parameter relating to inhalation technique and wherein the display utilizes one symbol to

show compliance and one symbol to show no compliance.

In a further aspect a method for determining whether a patient is in incompliance with a pre-
scribed treatment that requires inhalation of a medicament is provided, the method compris-
ing the steps of (a) providing target values for a size of a dose of medicament to be inhaled,
a time range for inhaling the predetermined dose size, and/or a predetermined inhalation
technique to be used during the inhalation of a dose of medicament, (b) monitoring the actual
dose, time of dosing, and/or inhalation technique that the patient employs to administer a
dose, and (c¢) displaying in a single view an indication as to whether the dose, time of does,
and /or the inhalation technique actual used by the patient was in compliance with the prede-
termined values of step a, the single view displaying multiple days worth of information
thereby allowing a user to determine on which days within a period of treatment the patient

was or was not incompliance.

In one embodiment, a patient in need of treatment with a blood glucose lowering agent, or
some other drug that can be administered via inhalation, is provided with an inhalation de-
vice. The device is capable of converting the drug or agent into a form that can be delivered
to the patient’s lung(s). The device also contains or is interfaced with an electronic device
that is capable of being programmed with various parameters and monitoring various pa-
rameters during patient use. l.e., target parameters can be inputted and the patient’s per-
formance or compliance with these predetermined parameters can be monitored.
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In one embodiment, a health care provider or a patient may input desired dosages and time

of dosing. For example, a doctor may prescribe a certain insulin dose at breakfast, which is
to be administered within a range of times in the morning, a certain dose to be administered
for lunch, which may also occur within a range of times, and a certain dose with dinner,
which is prescribed to take place within a certain range of times. This may be done via the

use of a set-up screen on the inhaler or on a peripheral device.

The device may have a preset of target values for an inhalation sequence or these values
may be programmed into the device by the user or HCP. For example, the device may be
preprogrammed with values for inspiratory flow, chaser volume, inspiratory volume and/or
other parameters that affect absorption of the prescribed agent or drug thru the lung tissue.
The device may be equipped to monitor a plurality of parameters associated with a patient’s
inhalation sequence (i.e., the manner in which the patient inhales the drug, for example the
patient’s inspiratory profile) for compliance with prescribed values. The device can also be
programmed to compare the patient’s actual inhalation sequence with the target values for
the monitored parameters.

In one embodiment, a display apparatus that is interfaced with or integral to the inhalation
device is provided and allows the patient or the health care provider to monitor whether a
single dose administration was in compliance with predetermined key parameters. For ex-
ample, a single screen view may be provided with a graphical representation of each impor-
tant parameter and a graphical indication as to whether or not the patient was in compliance
with predetermined range for each of the important parameters. In one example, number of
units of insulin is displayed graphically on a PDA or computer. A graphical symbol can be
used to indicate whether the patient was in compliance with the target a particular parameter
(e.g., number of units of insulin). The display, in this example, also shows a graphical symbol
for inhalation sequence or technique and a symbol denoting whether or not the patient inha-
lation sequence or technique comported with a predetermined target. For instance, it might
monitor whether the patient inhales at the right speed with the right volume and whether he
continues to inhale the right amount of chaser air. If the inhalation sequence comports with a
predetermined set of rules or values, the display can display a symbol showing that the inha-
lation technique was satisfactory. The display might also display a symbol for time of dosing
and an indicator showing whether the dose was taken on time. The symbol can be an icon, a
character, a color, or any other suitable indicator.
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In another embodiment, the present invention might include a data storage for storing multi-

ple days worth of data relating to patient dosing. For example, in the typical day a diabetic
might inhale 3 doses of insulin, one before each meal. The diabetic might not visit his doctor
for months. Accordingly, there is a need for a HCP or even for the patient to quickly view
whether or not he is in compliance with a prescribed treatment regimen over a period of time.
Thus, the present invention may take the form of a system having a display that allows a
HCP or patient to look at compliance with one or more prescribed parameters for a period of
multiple days in a single easy to read screen view. By using a single screen view the user
can see all the relevant, desired information in one view and need not change between

views.

In one example, an inhalation device is interfaced with a display apparatus, such as a PDA
or computer or, if the device is sufficiently sophisticated, a simply monitor that displays one
or more months worth of data on a single screen. Typically, the display might include data for
one monitored parameter and preferably also includes a graphical symbol indicating which
portions of the data are out of compliance with a monitored event.

In another embodiment the device can graphically indicate on which days a patient was out
of compliance with a monitored parameter. The user can then switch screen views and de-
termine which parameters were out of compliance. Moreover the user can view a large num-
ber of days worth of data for a particular parameter on a single screen view. A graphical indi-
cator can be used to highlight which days had a non-compliance associated with the particu-

lar parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be further described with reference to the drawings, wherein

fig. 1 shows a set up screen that may be displayed on a PC, PDA or display incorporated
within the hand-held inhalation device,

fig. 2 shows a compliance screen that displays feedback to the patient and health care pro-
vider, where “check marks” and “exclamation marks” are used to denote compliance and

non-compliance with particular parameters,
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fig. 3 shows an inhalation device suitable for delivering a drug via a pulmonary route,

fig. 4 shows a graphical display displaying 1 month of inhalation data in a single screen view
with graphical indicators denoting 3 days where dose size was out of compliance, and

fig. 5 is an alternative single screen view that may be displayed in the place of that of fig. 4.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The shown figures are schematic representations for which reason the configuration of the
different structures as well as there relative dimensions are intended to serve illustrative pur-

poses only.

The present invention provides systems and methods for assisting a patient and health care
provider in effectively treating a condition by ensuring compliance with a regimen that in-
cludes inhalation of a drug or medication. One key aspect of inhalation therapy for treating a
disease, such as for example diabetes, is that a precise and controlled amount of the medi-
cation, such as insulin, must be absorbed into the patient’s circulatory system in a controlled
and repeatable manner so that effective treatment can occur. Various inhalation devices can
administer drugs and can be equipped to monitor certain parameters related to inhalation
therapy.

According to one embodiment of the present invention, data can be uploaded from an inhala-
tion device to a personal computer, PDA or the like that processes calculations to determine
compliance and, in simple manner, displays whether the patient complies with treatment

regimen set individually for each patient.

In another embodiment, the inhalation device is equipped with a monitor which is either inter-
faced directly with the inhalation device processor (and may be integral with the inhalation
device) which is programmed to perform the necessary calculation or is interfaced with a
separate processor that uses data collected by the inhalation device. Of course, the monitor
and/or processor needed to carry out one or more aspects of various embodiments of the
present invention can be integrated with the inhalation device. The processor can be pro-
grammed to display on the display those parameters were monitored and whether the patient

was in compliance with a prescribed treatment.
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One of the many intended uses of the present invention is to provide a health care provider
and/or patient with a compliance indicator tool by presenting feed-back on a number of pa-
rameter based on an underlying algorithm(s). Examples of parameters are inhalation tech-
nique, insulin units and dose time/frequency. The algorithm for each parameter, or set of
rules applied to each parameter to determine compliance may be unique. In some cases a
single algorithm may be applied to all parameters. Part of the algorithm may be a patient’s
individual treatment set up, e.g. the unit dosing interval.

In one embodiment of the present invention, the patient and/or health care provider is pro-
vided with simple feed-back that may take the form of simple symbols e.g. check- or excla-
mation mark and/or colors e.g. red, yellow and green, with respect to key parameters. In
other words, one embodiment of the invention may comprise a mechanism for allowing indi-
vidual targets to be set for a patient and a display showing whether the patient achieves
some or all of those targets. The feed-back could be given directly on a medical device or on
a device connected or interfaced with the inhalation device e.g. on a PC or PDA.

One particularly useful embodiment of the present invention is a method for assisting a pa-
tient and/or health care provider to determine whether a patient is in compliance with a self-
administered inhalation therapy regimen. In accordance with this particular method, which is
only an example of a particular embodiment, the compliance ranges for a patient are set.
These ranges may include ranges for various parameters including chaser air parameters. In
this example, chaser air, which in this case is air inhaled after drug flow to a patient’s pulmo-
nary system has begun, is a parameter used to determine compliance. After the ranges are
set, data related to actual patient performance is collected. It is then determined whether the
data is within the compliance ranges. Finally, an indication is displayed for each parameter or
set of ranges that shows whether the patient was in compliance for that particular range for

the particular parameter being monitored.

In an embodiment, the invention may also take the form of an apparatus. In one such em-
bodiment, an apparatus for use with a medical treatment involving inhalation of a treating
medication is provided. The apparatus may comprise a processor and/or memory, an input
for allowing a patient or healthcare provider to input predetermined ranges for inhalation
therapy parameters, including for example, a range for parameters related to chaser air in-
haled after medication release into the patient’s air way. The apparatus also may comprise a
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display for patient or health care provider viewing. The processor can be programmed to

compare data collected by the inhaler during actual administration of self-treatment with the
predetermined ranges and can be further configured to create on the display a visual indica-
tion as to whether the patient is in compliance for each parameter. The processor can collect
data and apply one or more algorithms to determine compliance. In one embodiment a
“check mark” is displayed for parameters that are incompliance and an exclamation point or
mark is displayed for parameters out of compliance. In some cases strict compliance is not
necessary for the patient to be in compliance. For example being within a certain percentage
of a target may be close enough for consistent and repeatable dosing.

Exemplary Inhalation Systems

In one embodiment of the present invention, the patient inhales a medication from an inhaler.
The inhaler may be handheld size for convenience. If the patient achieves a target flow rate
and volume, the device releases the medication in aerosol form. The patient may also be in-
structed to continue inhaling after medication release until a sufficient chaser air has been
inhaled. The device preferably includes a means for recording a characterization of the inspi-
ratory flow profile for the patient which is possible by including a microprocessor in combina-

tion with a read/write memory means and a flow measurement transducer.

For some medications, it may be desirable to instruct the patient to inhale a particular prede-
termined minimum volume at a particular flow rate following the release of an aerosolized
medication, i.e., chaser air. For other medications, the flow rate may not be as critical. More-
over, the flow rate and volume required for the chaser may in some cases vary with proper-

ties of the aerosol, such as particle size, density, etc.

In some embodiments, the present invention can operate with an individual/personalized limit
for chaser volume based on the patient’s lung capacity. The limit may thus be described as a
percentage of the patient’s volume of lung capacity.

In some embodiments, drug release may occur within an inhaler from the instant (or there-
abouts) that the patient begins inhaling from the device. In this case, the chaser air would be
inhaled from the moment that the patient begins inhaling from the device. Thus, the chaser
may start out having a high concentration of medicine to air and the concentration may de-
crease as the volume of chaser air that is inhaled increases. In fact, in some cases the con-

centration of medicine in the chaser may approach or become zero by the end of the inhala-
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tion of the chaser volume. Thus, while the chaser may be pure air, in most cases it will be a

combination of air and medicine where the concentration of medicine declines as the inhaled

volume of the chaser increases.

In order to assist a patient carrying out the methods of the present invention, applicants dis-
close herewith exemplary novel and non-obvious devices, methods and systems that will as-
sist the patient and/or the patient’s health care provider.

The present invention may utilize a personal computer or a PDA that is configured to receive
settings for various treatment parameters, monitor actual treatments and provide feedback to
the patient.

Alternatively, the present invention may be practiced on an electronic inhalation device that is
configured to carry out any or all of the method steps of the present invention. For example, if
a processor controlled inhaler is equipped with a display, the feedback can be displayed di-
rectly on the device. The display can be a graphical display such as a LCD or it could be a
simple display of different colored LEDs. Moreover, the inhaler can be equipped with an input

means in some cases.

While many parameters can be monitored and feed back provided for each parameter, in
one embodiment, the patient is merely provided with feedback as to whether the overall inha-
lation was successful. Various algorithms can be used to determine how stringently each in-
dividual parameter must be complied with in order to determine whether the overall inhalation

is successful.

Additionally, individual parameters can be monitored and feedback provided on an aggregate
basis for each parameter. Again, algorithms can be applied to determine what constitutes
compliance. For example, in some cases, but not all cases, 100 % compliance, (i.e., strict
compliance) with each parameter may be unrealistic and unnecessary for the patient to
achieve satisfactory results. Thus, in one embodiment, a patient may be in compliance even
though the patient has not always achieved the exact targets prescribed for each parameter.

As discussed above, numerous devices exist for administering a drug or medication to a pa-
tient via a pulmonary route. In many cases getting the medication or drug into a patient’s
lungs is only half the battle. The manner in which it gets deposited in the lungs, as well as the
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properties of the particles and formulations often play a big part in determining how it will ul-

timately be absorbed, and for many medications (such as for example insulin) precision of
dose size reaching the circulatory system are critical.

Breath control after administration also appears to greatly influence repeatability and absorp-
tion. It has now been shown that after a medication is released into the airway of a patient,
the quantity of air the patient inhales after drug release (i.e., “chaser air’) affects absorption
and/or repeatability. In some situations, the rate at which the chaser air, as well as the vol-
ume of the chaser air, is also critical.

While repeatability and precision are required, repeatable may not always require precisely
the exact quantity of drug delivered. In some cases it is sufficient that the quantity delivered
in each dosing episode be sufficient to result in adequate blood glucose control within a

medically acceptable range.

Various existing devices may be used to delivery a medication, such as insulin, to a patient’s
pulmonary system and ultimately to a patient’s circulatory system. The AERx iDMS device
described in US Patent 6167880 and shown schematically in fig. 3 is one such device. How-
ever, this device, like the numerous other currently available, do not provide feed back to a
patient or guidance regarding chaser air inhaled after drug release from the device.

While a suitable device for use with the present invention is the AERx iDMS device described
in more detail below and which is complete described in US Patent 6167880, the contents of
which are hereby incorporated by reference, the present invention is not so limited. In fact,
the present invention can be used with virtually any inhalation device suitable to deliver
medication to a patient’s circulatory system. The device and methods described herein are
also particularly well-suited for, but by no means limited to, treating diabetes. The methodol-
ogy for using the present invention for such treatment is also discussed in further detail be-

low.

Treatment methodology for diabetics

Diabetes mellitus and many other conditions are generally treated by the injection of agents,
such as for example insulin. One embodiment of the present invention provides alternatives
to injection therapy. For example insulin can be aerosolized and administered to a patient’s

pulmonary system. Of course, successful treatment may require precise, controlled, and re-
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peatable dose reach the circulatory system of the patient. Exact precision and control is not

always required, but in general a treatment needs some level of predictability and repeatabil-
ity to be effective. When insulin is deposited on the mucus membranes of the respiratory
tract, it is absorbed by the body. The repeatability and predictability of absorption depend
upon many things. Some parameters include how fine the particles are, how deep they pene-
trate into the pulmonary system and how difficult the pulmonary system finds it to reject these
particles. It has been shown that some form of coached breathing can be beneficial in in-
crease the predictability of insulin absorption.

One device that is well-suited for insulin delivery is the AERX device shown in fig. 3. All com-
ponents are within a single, hand-held, portable breath actuated device. A microprocessor 26
and flow sensor 31 are used to provide electronic breath actuated release of a drug, such as
insulin. The device includes a holding means and a mechanical means and may operate
electronically, i.e., the actuation means is preferably not directly released by the user. The
patient inhales through inspiratory flow path 29 which can form a mouth piece 30. Air enters
the device via opening 38. The inhaling is carried out in order to obtain a metering event us-
ing differential pressure transducer 37. Further, when the inspiratory flow meets a threshold
of a pre-selected criteria, the microprocessor 26 sends a signal to an actuator to release the
electrical mechanism 28 which in turn actuates a mechanical means 23, thereby releasing a
spring 22 and a plate 24 or equivalent thereof, forcing aerosolized formulation into the chan-
nel 11 and out of membrane 3 into the flow path 29 where the air surrounding the particles is
optionally heated by the air heater 14.

Microprocessor 26 of fig. 3 includes an external non-volatile read/write memory subsystem,
peripheral devices to support this memory system, reset circuit, a clock oscillator, a data ac-
quisition subsystem and a visual annunciator subsystem. The discrete components are con-
ventional parts which have input and output pins configured in a conventional manner with
the connections being made in accordance with instructions provided by the device manufac-
turers. The microprocessor used in connection with the device of the invention is designed
and programmed specifically so as to provide controlled and repeatable amounts of insulin to
a patient upon actuation. The microprocessor must have sufficient capacity to make calcula-

tions in real time.

Adjustments can be made in the program so that when the patient's inspiratory flow profile is
changed such is taken into consideration. This can be done by allowing the patient to inhale



10

15

20

25

30

35

WO 2006/048417 PCT/EP2005/055678

14
through the device as a test (monitoring event) in order to measure air flow with preferred

drug delivery points determined based on the results of several inhalations by each particular
patient. This process can be readily repeated when the inspiratory flow profile is changed for
whatever reason. When the patient's lung function has decreased the program will automati-
cally back down in terms of the threshold levels required for release of drug. This "back
down" function insures drug delivery to a patient in need but with impaired lung function. De-
termination of optimal drug delivery points in the inspiratory flow can be done at each dosing
event, daily, weekly, or with the replacement of a new cellular array in the device.

The microprocessor 26, along with its associated peripheral devices, can be programmed so
as to prevent triggering the actuation mechanism 28 more than a given number of times
within a given period of time. This feature makes it possible to prevent overdosing the pa-
tient. The overdose prevention feature can be particularly designed with each individual pa-
tient in mind or designed with particular groups of patients in mind. For example, the micro-
processor can be programmed so as to prevent the release of more than approximately 30
units of insulin per day when the patient is normally dosed with approximately 25 units of in-
sulin drug per day. More specifically, the insulin can be inhaled from a separate device such
as from a dry powder inhaler. Thereafter, the sensor portion of the device may be used to
perform the inhale-exhale maneuver of the training.

The microprocessor 26 can be connected to external devices permitting external information
to be transferred into the microprocessor of the invention and stored within the non-volatile
read/write memory available to the microprocessor. The microprocessor of the invention can
then change its drug delivery behavior based on this information transferred from external
devices. All of the features of the invention may be provided in a portable, programmable,
battery-powered, hand-held device for patient use which has a size which compares favora-
bly with existing metered dose inhaler devices.

The microprocessor 26 can also be programmed so as to allow for monitoring and recording
data from the inspiratory flow monitor without delivering drug. This is done in order to charac-
terize the patient's inspiratory flow profile in a given number of monitoring events, which
monitoring events preferably occur prior to dosing events. After carrying out a monitoring
event, the preferred point within the inspiratory cycle for drug delivery can be calculated. This
calculated point is a function of measured inspiratory flow rate as well as calculated cumula-

tive inspiratory flow volume. This information is stored and used to allow activation of the
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electronic actuation means when the inhalation cycle is repeated during the dosing event. In

addition, data regarding chaser air can be collected, stored and analyzed.

One of the many inhalation parameters that may be critical to achieve uniform and repeat-
able dosing is volume of air inhaled after medication is released by the inhaler (i.e., chaser
air). Other chaser air parameters such as inspiratory flow volume, rate, etc., can also effect
dosing. Feedback about these and other inhalation parameters can greatly assist the patient
in improving repeatable, consistent, and precise dosing. The AERx iDMS device, or other
inhalation devices, can be incorporated with a display and/or processor to provide feedback
to a patient and/or health care provider regarding chaser air inhaled after the device starts
flowing medication to the patient. The device can also be interfaced with a processor and/or
display, such as a PDA, computer, or the like, which can then be programmed to display feed
back to the patient.

While chaser air may be the air inhaled after a drug is released by an inhaler, not all inhalers
actively trigger drug release in response to the patient inspiratory flow profile hitting a prede-
fined target. In some inhalers, drug release may occur within an inhaler from the instant (or
thereabouts) that the patient begins inhaling from the device. In this case, the chaser volume
is the air inhaled from the moment that the patient begins inhaling from the device. Thus, the
chaser may start out having a high concentration of medicine to air and the concentration
may decrease as the volume of chaser air that is inhaled increases. In fact, in some cases
the concentration of medicine in the chaser may approach or become zero by the end of the
inhalation of the chaser volume. Thus, while the chaser may be pure air, in most cases it will
be a combination of air and medicine where the concentration of medicine declines as the
inhaled volume of the chaser increases. Nonetheless, it may be advantageous to provide in-

halation feedback about chaser air even in these types of inhalers.

Patient set-up and compliance monitoring

As discussed above, in order for therapy involving inhalation of a drug or medication to be
effective in treating diseases like diabetes, it may be necessary to customize the treatment
for individual patients and to monitor compliance with present parameters. For example,
breath control after drug release is an important parameter to achieving consistent repeat-
able drug delivery into a patient’s circulatory system via a pulmonary route of administration.
One reason a patient may fail to achieve satisfactory blood glucose levels is that they are not
properly inhaling their medications. Of course, the reasons could be that they are receiving
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the incorrect dose or that they are using the wrong medication or insufficient doses are ad-

ministered during the day. To aid both the patient and the patient’s health care provider, ap-
plicants have discovered that presenting a quick view of the data relating to inhalation ther-
apy as well as more detailed views can greatly improve the outcome for the patient. As is
shown in fig. 1, a health care provider or a patient can set certain parameter related to the
patient’s inhalation therapy. These parameters may include dose size, time of dose admini-
stration or frequency of dosing, and inhalation related parameters, such a trigger points,
chaser air values, etc. These parameters may be set directly on the device, or can be set by
interfacing the inhalation device with a personal computer, PDA, or the like. It is also possible
to make the inhalation device internet compatible and down load, either directly or indirectly
the parameters from a web server. Thus, in some applications, the patient set-up screen
shown in fig. 1 may be accessible over the internet.

Once the device is configured, it can store data related to how well the patient achieves
compliance with targets. Various algorithms may be employed to monitor compliance. For
example, adequate compliance may mean that the targets are achieved some percentage of
the time, even though they are not hit 100% of time. The degree of compliance can, in some
cases, be related to the ultimate goal in treating the patient, e.g. satisfactory blood glucose

levels in a diabetic. Of course, in some cases, even one non-compliance may be worth not-

ing.

To assist the patient and health care provider in tracking compliance or teaching a patient to
inhale his medication, a simple output or display of compliance data is often preferred. Fig. 2
shows a simple display that uses a check mark and an exclamation mark to note compliance.
Various color schemes can also not compliance or non-compliance. The screen in fig. 2 may
be displayed either directly on a monitor on the inhalation device, on a PC, PDA or on a
website that has received the data from the inhalation device. In one embodiment, a single
screen view such as that shown in fig. 2 is displayed for a particular dosing episode. Prefera-
bly, it is shown immediately after the patient inhales a dose. The dose need not be an actual
dose, it can be simulated and the screen view shown in fig. 2 can be part of a training appa-

ratus or system.

One of the many uses of the present invention is to help determine which patients are or are
not benefiting from inhalation therapy. For example, if a patient’s blood glucose seems out of
control and the patient is taking the wrong dose or dosing at the wrong frequency, this is eas-
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ily corrected. However, if the patient is having trouble reaching inhalation targets, dose size

or frequency may be adjusted to compensate. In some cases, the present invention is useful
in determining that a patient is not a good candidate for inhalation therapy.

As is shown in fig. 4, a graphical image is shown in a single screen view. This single screen
view can be employed to show multiple days or even months worth of data. In fig. 4 data re-
lating to units of insulin administered to a patient over a one month period is shown in a sin-
gle view. Alternatively the display could be configured to show multiple months in a single
screen view. In this prophetic example, the patient might be instructed to inhale between
250-300 ml of insulin before dinner, which should be eaten between 5 and 7 pm. The patient
would also be trained to continue inhaling at a certain predetermined rate until a certain pre-
determined volume of air had chased the insulin into his lungs. The days on which the patient
administered a daily dose that is outside a preset range, e.g., 200-300 ml would be flagged
with a symbol (e.g. an exclamation point) so that these days are readily apparent. This single
screen view also shows the percentage of time (e.g. 22%) that the patient was out of compli-
ance. The single screen view of fig. 4 can also be modified to show compliance with other
predetermined parameters such as inhalation technique or time. In one embodiment, the

user merely needs to click on an icon to change to these screen views.

Figure 5 shows an alternative single screen that may be used to show multiple days worth of
data. In one embodiment, compliance with time and inhalation can be shown with the use of
graphical symbols. For example an X can be used to denote non-compliance and a slash to
denote compliance. Alternatively, actual values for the parameters could be shown with an-
other indication when the parameter was measured to be out of range. For example, a cer-
tain color (e.g. red) could be used when displaying values that are out of range. Alternatively
and as is shown in fig. 5 only days that are out of compliance could have values inserted. For
example, as is shown in fig. 5, May 1 has a time and inhalation chaser volume value that is
outside a predetermined range. Therefore, this date is the only date showing values as it is
the only time in that month that the patient was out of compliance. Of course, if the patient is
in compliance less frequently than he is out of compliance, it may be better to show values
for when he is in compliance. While fig. 5 shows 1 month worth of data for dose timing and
inhalation technique, it could show all parameters or just a single parameter.

In the above description of the preferred embodiments, the different structures and means
providing the described functionality for the different components have been described to a
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degree to which the concept of the present invention will be apparent to the skilled reader.

The detailed construction and specification for the different components are considered the
object of a normal design procedure performed by the skilled person along the lines set out
in the present specification.

The explanation of the present invention in the foregoing is intended to exemplify and not
limit the invention. Those skilled in the art will recognize numerous variations that are within
the scope of the pending claims, which are the only limits intended by the inventors hereof.
For example, as described herein the inhalation system might be embodied as a single de-
vice or it might be a multi-component device. In the multi-component embodiment, one com-
ponent might be interfaced with another during operation or one component might merely
download data to another. Further, in the disclosure of the present invention reference is
mostly made to the treatment of diabetes by inhalation of insulin, however, this is only an ex-
emplary use of the present invention. For treatment of diabetes, other drugs or formulations
thereof may be used, e.g. GLP-1 and analogues thereof. Further, the invention may be used
in the context of pulmonary delivery of any drug or formulation thereof suitable for inhalation

treatment.

Unless stated otherwise, one should assume that examples or references to examples are
illustrative and are merely prophetic. Applicant’s specification is intended to illustrate various
ways that their invention may be embodied and is not a representation that actual embodi-
ments have been constructed.
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CLAIMS

1. A system for assisting a patient in self treating diabetes via pulmonary administra-
tion of a medicament, the system comprising:

a. an inhalation device for aerosolizing an anti-diabetic formulation, the device capable
of administering multiple doses of the formulation over a period of time,

b. an input means for receiving target values for certain parameters relating to pulmo-
nary administration of the formulation from a health care provider or a patient under the care
of a health care provider,

C. a monitoring system (31) for monitoring values of a plurality of parameters relating to
pulmonary administration of the formulation by the patient, the monitored parameters includ-
ing those for which target values have been inputted and further including parameters relat-
ing to inhalation technique performed by the patient,

d. a processor (26) configured to compare the monitored values to the target values for
the certain parameters whose values have been inputted by the health care provider or the
patient, the processor further configured to compare monitored parameters relating to inhala-
tion technique with predetermined target values for inhalation technique parameters, wherein
the process is further configured to generate indicators indicating whether monitored pa-
rameters had values within their respective targets, and

e. a display that displays in a single view whether a plurality of monitored parameters
achieved their target values by displaying a first symbol where a target value or target values
were achieved and a second symbol where a target value or target values were not

achieved.

2. The system of claim 1, wherein the patient or health care provider inputted target

values for parameters include values for dose size and time the dose is to be administered.

3. The system of claim 2, wherein the monitored inhalation technique parameters in-

clude one or more of the following: inspiratory flow, chaser volume, and inspiratory volume.

4, The system of claim 1, wherein the symbol for successfully achieving a target for a
parameter is a check mark and wherein the symbol for not achieving a target is an exclama-
tion point.
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5. The system of claim 1, wherein the display displays an indication that a target was

achieved or not achieved for at least three monitored parameters simultaneously.

6. A method of assisting a patient in complying with a prescribed inhalation treatment
regime, the method comprising the steps of:

a. receiving target values for a plurality of parameters relating to the inhalation treat-
ment,
b. following a treatment episode, displaying in a single view whether the patient

achieved the target values for the plurality of the parameters, wherein the displaying occurs
by presenting a single view showing a representation of each monitored parameter and a
graphical indication indicating for each whether compliance was or was not met.

7. The method of claim 6 wherein there is a single symbol that represents when com-
pliance with a target value was met and another distinct symbol that represents when com-

pliance was not met.

8. The method of claim 7, wherein the display shows compliance or non-compliance
for at least the following parameters: dose size, time of dose, and proper inhalation tech-

nique.

9. The method of claim 8, wherein proper inhalation technique is in compliance with a
target only if a proper chaser volume is inhaled.

10. An inhalation system for assisting a health care provider in determining if a patient
is complying with a self-treatment regimen that includes pulmonary administration of an anti-
diabetic formulation, the system comprising:

a. an inhalation device for aerosolizing a formulation of the anti-diabetic agent,

b. an input means for receiving recommended target values for dosing parameters
from a health care provider or patient under the care of a health care provider,

C. a monitoring system (31) configured for monitoring actual values for the dosing
parameters from each administration of the formulation, the monitoring system also
configured for monitoring inhalation technique by monitoring one or more inhalation
parameters that occurs during each administration of the formulation, thereby monitoring

whether the inhalation technique performed by the patient was on target, and
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d. a processor (26) configured to compare the monitored values with the recom-

mended values and to generate an indicator that indicates whether or not the monitored
value comports with the target values, the processor further configured to compare inhalation
technique with a predetermined proper inhalation technique and generate an indicator if the
monitored inhalation technique comports with the predetermined proper target inhalation
technique,

wherein the processor is configured to display on a display apparatus in a single
view whether the patient was in compliance with recommended or predetermined proper val-

ues for one or more parameters over a period of multiple days.

11. The system of claim 10 wherein the dosing parameters include dose size and time
of dose administration.

12. The system of claim10, wherein the display can display at least one month of infor-

mation relating to at least one monitored parameter in the single view.

13. The system of claim 12, wherein the display displays an indication showing on which
days the patient achieved target for one or more monitored parameters.

14, The system of claim 12, wherein the display further displays values for the one or
more monitored parameters along with an indicator as to whether the monitored parameter

or parameters were on target.

15. A method for assisting a health care provider in determining whether a patient is
complying with a predetermined self-treatment regimen, the method comprising the steps of:
a. inputting target values for various parameters associated with a self-treatment inha-
lation regimen for treating diabetes,

b. comparing actual values that the patient achieves for the various parameters with
the target parameters values of a period of multiple days,

C. periodically displaying in a single view information for the period of multiple days
along with an indicator that indicates when during that period the patient was out of compli-

ance with a target value for one or more of the various parameters.
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16. The method of claim 15 wherein the display is graphical and does not include actual

values for the various parameters but only a graphical indicator as to whether compliance

was achieved.

17. The method of claim 15 wherein the display utilizes tables to display actual values

for parameters that are out of compliance with targets.

18. A system for helping determine patient compliance with a predetermined self-
treatment regimen that includes inhalation of a medicament, the system comprising a display
configured to display in a single view whether the patient properly administered a dosage of
a medicament via a pulmonary route, the display showing in a single view whether the pa-
tient was in compliance with target values for a plurality of parameters at least one parameter
relating to inhalation technique and wherein the display utilizes one symbol to show compli-

ance and one symbol to show no compliance.

19. The system of claim 18 wherein the user can switch the display to display in a single
view an indicator for one or more predetermined parameters relating to the inhalation of the
medicament whether the patient was in compliance with predetermined values or out of
compliance and wherein the single view depicts multiple days worth of information thereby
allowing a user to determine on which days in that period the patient was in or out of compli-

ance for the one or more parameter.

20. A method for determining whether a patient is incompliance with a prescribed
treatment that requires inhalation of a medicament, the method comprising the steps of:

a. providing target values for a size of a dose of medicament to be inhaled, a time
range for inhaling the predetermined dose size, and/or a predetermined inhalation technique
to be used during the inhalation of a dose of medicament,

b. monitoring the actual dose, time of dosing, and/or inhalation technique that the pa-
tient employs to administer a dose, and

C. displaying in a single view an indication as to whether the dose, time of does, and
/or the inhalation technique actual used by the patient was in compliance with the predeter-
mined values of step a, the single view displaying multiple days worth of information thereby
allowing a user to determine on which days within a period of treatment the patient was or

was not incompliance.
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