W) 2004/ 0573011 PC 171L2003! 001000 METHODS FOR DETERM NI NG A EFFECTI VE
DOSE OF AN | NHALED DRUI G FOR AN | NDI VI DUAL PATI ENT AT A G VEN TIME O FI ELD
AND BACKGROUND OF THE | NVENTI ON The present invention relates to systens
and et ho¥9 24§38y i ni nga mi ni mum ef fecti ve dose of acumbelsediedoug f or
an individual patient at a riven tinme and, nore particularly, to systens
and nethods for conputing, and 11 optionally delivering a m ninum

ef fective dose. 0of. in ed. . icati based upon results O a single
measur enent ofbﬁglggﬁﬂ%ﬁ% ’ﬁ@ﬁﬂbﬁ?&'ﬂ%@% k& f@d@ﬁ‘ﬁl\]&‘ﬁb fmredi ately 1-prior to
i nhal ation of t BN Cat | oR- R -i | t -0 find especial
utility in caﬁévﬁ%@ﬁ?¢ﬁﬁﬁ%@Q?Tg?%%PP§ﬁ@%‘ggkﬂﬁﬂﬁggﬁﬁéﬁggp’N@tered dose
inhal ers ,ire phdel i pphayagh tiea TIERT AGSRIGArORYTINMENdi ti ons. Typi cal 'y
a nmetered Jose 1 nhaler delivers a predeterm ned cl ose of an aerosolized
drug wth each actuation of a delivery nmechanism The npost conmon
configuration enploys pressurized gas to nove a drug through a narrow
opening where it is aerosolized. The device is typically position in the
nmouth or nostrils) of a patient so that the aerosolized drug is delivered
to the appropriate region of the airway. Metered close inhalers share a
common inherent disadvantage. :Although delivery is exact, dosage is
formul ated based i upon research on | arge Popul ations of patients. .l leis
i nherent di sadvantage creates two problens. -Be first problemis that
patient; may | ake nore WD 2004/ 057300 PCT/1L2003/ 001000 nedication than
the actually require. The second problemis that sonme patients may require
nore nedi cation than recomended on sone occasions. The nunber of patients
usiqﬁaneleded dose inhalers on a routine basis is quite |arge. For exanple,
asth affects approxi mately 10-15% of children and 5-10% of adults. The
Aneri can Thoracic Society, the Anerican Lung Associ ation and the European
Respiratory Society (Kamada et al. Issues in the use of I|nhaled

gl ucocorticoids. AmJ Respir Crit Care Med 1996; 153;1739-48). recomend
ongoing treatnent for 80% of these asthma patients with inhal ed
corticosteroids or glucocorticoids (I1GC). The. device of choice for

FIELD AND BACKGROUND OF THE INVENTION

15 The present invention relates to systems and methods for determining a
minimum effective dose of an inhaled drug for an individual patient at a given
time and, wmore particwlarly, to systems and methods for computing, and
optionally dehvering a minimum effective dose of an inhaled medication based
upon results of a single measurement of a pulmonary performance indicator

20 immediately prior to inhalation of the medication. The invention is expected to
find especial utility in care and (reatment of chronic asthma patients.

Metered dose inhalers are widely employed 1o treat respiratory
conditons. Typically, a metered dose mbhaler delivers a predeterﬁ}hled dose of
an aerosolized drug with each actuation of a delivery mechanism. The most

25 common configuration employs pressurized gas to move a drug ihrough a
narrow opening where it is aerosolized. The device is typically position in the
mouth or nostri(s) of a patient so that the acrosolized drug is delivered to the
appropriate region of the ainvay. Metered dose inhalers share a common
inherent disadvantage. Although delivery is exact, dosage is formulated based

30 upon research on large populations of patients. This inherent disadvanytage

" creates hwo problems. The first problem is that patients may take more



adm nistration of these inhaled corticosteroids is a netered dose inhaler.
It is well established that 1GC are effective in the treatnent of asthma
(Kamada_et al ._lssues in the use of inhaled glucocorticoids. AmJ Respir
Crit Cal® WBHOYEYs: 153; 1739-48). However, | GC have t hePEBAER0IMI0800 cause
severe adverse system c effects. For? exanpl e chronic long termuse of |1GC
has been reposrted to cause adrenal suppression, osteoporosis and growth
supression in children (Doull et al. Gowh of asthmatic children on
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fluticasone propionate and becl onet hasone di spropionate. Arch DS Child

1993; 68\ &786ion Prd flict BkrokeavRlengiraiAB; SCoimnayK Enadh clal. Adnenal thtunction in
asthma. Arch Dis Child 1990, 65, 838-40). The danger of th_e‘se adverse effects
i ncr east§ Ak bhaleHelwirsariceds. e cBaginta @anMR! 109Adbeack/ B4Rkl o J. L. A

dose rang) ng Stugy. of, fLutlgaspne pronl gnate hn adult gatignte wth
noder at'& %{Eﬁﬁr%{. é‘?é%e fgéf%‘,’ 1o i%]g?g) se asthma patients with inhaled
corticosteroids  or glucocorticoids  (IGC). The device of choice for
10 administration of these inhaled corticosteroids.is a metered dose inhater.

[t s well established that 1GC are effective in the treatment of asthma.

{Kamada et al. Issues in the use of inhaled glL}cécorIicoids. Am J Respir Crit
Cuare Med 1996;153:1739-48).  However, IGC have the potential to cause
severe adverse systemic effects. For example chronic fong term usc of IGC has

15 been reported fo cause adrenal suppression, ostcoporosis and  growth
suppression 1 children (Doull et al. Growth of asthmatic c¢hildren on inhaled -
corticosteroids (abstract). Am Rev Respir Dis 1993;147:A265, Littlewocod

IM, Johnson AW, Edwards PA, et al. Growth retardation in asthmatic
children treated with inhaled beclomcthasone dipropionate. Lancet

20 1988;:115-6, Wales JKH, Barnes ND, Swift PGF. Growth retardation in
children on steroids in asthma. Lancet 1991;338:1535-6, Wolthers OD,
Pederson S. Controlled study of linear gréwth in asthmatic children during
treatment with inhaled corticosteronds. Pediatrics 1992:89:839-42., Wolthers

OD, Pederson S. Shert-term growth during treatment with imhaled fluticasone

25 propionate and beclomethasone dipropionate. Arch Dis Child 1993,68:673-6,
Prifitsk K, Milner AD, Comway E, et al. Adrenal function in asthma. Arch Dis
Child 1990;65:838-40). The danger of thes adverse effects increases with the
amount of IGC consumed (Dahl R, Lundback B, Malo J-L. A dose ranging
-study of fluticascne propionate in adult patients with moderate asthma. Chest

30 1993;104:1352-8).



Studi es indicates that dose-dependent suppression of the hypothal am c
pituitary-adrenal axis (HPAA) occurs in both healthy volunteers and in
asthmatics (N kol nizik et al. Nocturnal cortisol secrection healthy adults
bef ore anYO2¥¥573%hal ati on of budesoni de. Am J Respir QrdtmGasmoled 5.
1996; 153:97 - 101, Donnetly et al. EBfects of budesonide and fluticasone
on 24- hour plasma cortisol. AmJ Respir Crit Care Med 1997; 156:1746-51).
' rs even follow ng a single dose inhalation of |ICG

This suppression ocGCyr S _ _
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Thus, théeiomabiid tyfiof istdndar il 6REhLIARY ARII NRBS enpHeyERg fixed 15
dose netered dose inhalers to custom zed the dose to the requirenments of an
i ndi vi dual?padeiéhit Hat. ospdbi ¢ii@. il fretpob bsdarosidmifd cantasdisket 04manu
ast hma atients. Al t hough current . gui delines on asthma treat ment
B0 B confSol "RRPT 24 e Ti156:1746-50), T
r ecomrend”th&!asma cortisol “ARTE Resprr CrittCare Med 1997;156:1746-51). This
suppression eccurs even following a single dose inhalation of 1GC. Svstemic
bicavailability of IGC is a function of absorption of the drug across the hine
visculor bed. Lung depesition and systemic bioavailability are altered airway‘
10 diamewter in patients with asthma. Further, the degree of narrowing varies
widely, both smong patients within the population and as a funciion of time for
- each individual patient (Weiner et ul._ Characteristics of asthma in the elderly.
Eur RespirJ 1998;12 (3):564-8).
Thus, the inability of standard 1GC therapy regimens employing [ixed
15 dose metered dose inhalers to customize the dose (o the requirements of an
individual patient at a specific time poses a significant risk to many asthma -
patients,
Although current guidelines on asthma treatment recommend the
administration of the lowest dose of IGC compatible with asthma control,
20 computation of this dose is most olten based upon analysis.of responses of a
large poopulation of patienis.  In cases where individual patients have their
pulmonary function quantitatively analyzed, such analyses are generally
performed periodically, not daily or prior to each inhalation of 1GC.
Forther, it is widely believed by clinicians that improved asthima centrol
25 can be achieved by increasing the dose of IGCs. Thus, there is a tendency to
empirically determine how much IGC is required to provide relief from an
acute asthma attack and advise patients 1o continue to apply this high dosage.
Such praciice ignores the idea that the dose of 1GC should be reduced as soon
as control s achieved. This is because the tendewncy for each unit of 1GC

36 delivered to the aiway 1o exert a systemic effect increases as the patients

condition stabilizes or improves.



adm nistration of the | owest dose of |ICG conpatible with asthma control,

conpatation of this dose is nost often based upon anal ysis of

a large o5 ?(Jtoi on of patients. In cases where individual patients have

their

generally perfornmed periodically,

| CG

pt?lnz(r%nné’ry function quantitatively analyzed, sucPCHHIP4EWI004re

rfot daily or prior to each inhalation of
Further, it is widely believed by clinicians that inproved asthnma
control 25 can be achieved by increasing the dose of |CGs. Thus, there
tendency to ‘eHpfd iSdatesydetleNs AR 86 mschd 116G dresriequi bededcdeprovi de

i's

20

responses of

a

relief froman acut.e asthrri attack and advise patients to continue to apply
act

this hi“g‘iﬁ“*&osﬁ%’f@’g.51’3&6}1‘3‘5?

shoul d he, rguEgd
t endewncy for eac

5

20

o
(¥,

mmimum effective dose. Instead, Jones Jr. teaches determination ol an
optimum time 1o release medication from a metered dose inhaler, According to
the teachings of Jones Ir., the optimnm time is ¢hosen (0 nsure maximnm
delivery of the inhaled mediculion 1o (he lungs (as opposed 1o the upper
airway) regardiess of the physiologic condit'ion of the patient. Thus the
teachings of Jones Jr. increase the amount of medication delivered systernically
and increase the risks associated with svstemic administration of medication,
Uniited Stutes Patent No. 3,826,570 issued 10 Goodman et al. teaches
delivery of aerosol medications for inspiration. Goodman, like Jones Jr,
teaches determination of an optimum time to release medication from a

metered dose inhaler. Goodman teaches choosing a desired Tocation for

deposition of the inhaled medication.  Like Jones Ir., Goodman teaches -

maximization of the respirable fraction of the acrosolized medication. Thus,
like Jones Jr., Goodman teaches increasing the amount of medication deljvered
systemically  thereby increasing  the risks associated- with  systemic
administration of medicution.  Further, Goodman teaches ealculations based
upon repeated measurements. This is an inherent disadvantage because it
increases the amount of time required for a patient to measure pulmonary
function prior 1o beginning treatment,

There is thus a widely recognized need for, and it would be highly
advantageous to have, systems and methods for determining 2 minimum
effective dose of an inhaled drug for an individua patient at a given time
devoid of the above limitations.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a

system for determining a minimum effective dose of an inhaled drug for an

“individual patient at a given time. The system includes: (a) a measuring
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i ssued to Jones Jr. et al teaches a <casing and spironeter for a netered

dose inh .. Jr. teaches neasurenent of a pul nonar aranet er such
as peak &gizp%{}(%’?%%flow (PEP). However, Jones Jr. fails %%Tfﬁé%f?%@@ of
this nmeasurenment to conpute a 5 mnimim effective dose. Instead, Jones Jr.
teaches determned of an optinmumtinme to rel ease nedication froma netered
dose inhaler. According to the teachings of the Jones Jr., the optinum
tine is chowehst oldsigsarie amdxicpismdedd ver ynafsuthenti nérslt ednereglitloamioon to t he
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patient (?‘:’EI:‘: ap: IthSsrnorE ' and (%e\(‘g!'n(?m%ﬁ'lgt :rlleme:ll?l%\ilteuril e etcle}'{fleocri]gs'e for the
individual patient by opplying a predetermined rule to the puimonory
performance indicator measurement within the data processor.

IR According to yet another aspect of the present invention there is
provided an urticle of manufacture for avtenomoeus individual optimization
of a treatment protocol for an individual patient suffering from a respiratory
disorder. The article of manufacture includes: (a) 2 measuring apparatus
designed and constructed to measure at least onc pulmonary performance

20 indicator measurement of the individual patient; (b) a data processor
capable of communication with the measuring apparatus, the data processor
designed and configured 1o provide a computed minimum effecﬁ\ﬂe dosc for
the individual patient by applymg & predetermined rule to the pulmonary
performance indicator measurement. (¢) an adjustable delivery mechanism

25 designed and constructed 1o receive the computed minimum effective dose
and to to deliver the computed minimum effective dose of the inhaled drug
to the individual patient;.(d) a pharmaceutical composition identified for
treatment of the respiratory disorder being contained within the adjustable
_delivcry mechanism, the pharmaceutical composition including, as an

30 active ingredient, an agent capable of relieving symptoms of the respiratory

. disorder; and packaging material..
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15 According 1o stil further fcatures in the described preferred

embodiments the pulmenary performance indicater is selected from a group -
consisting of forced expiratory volume in one second (FEEV1) and peak
expiratory [low (PEF).
According to still  further [eatures in the described preferred
20 embodiments the computed minimum effective dose is presented in a format
selected from a group consisting of actual quantitative units and arbitrary units.
According to sull further features in the described preferred

embodiments the predetermined mle includes:

233 y= -17.183+0.645 { measured FEV1 X 1001
anticipated FLV1 )’

wherein y is the percentage of drugs aborbed/cortisol production.
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and Magnetic Technologies, Tel-Aviv, Israel) and a piezo-clectric dispenser
(c.g. STM manulactureed by Nanomotion Ltd, Yokneam, 1SILL\‘ETL). According
to various embodiments of the invention, the delivery mechanism may deliver
cither a powder or aerosclized liquid droplets.
20 According to stil further features in the deseribed pre'}t"erred
embodiments the methed further includes:(d) transmitting lhels'ni‘nimum
¢ffective dosc to an adjustable delivery mechanism from the data processor via
a channel of communication between the adjustable delivery mechanism and
the data processor ; and (e) permitiing the adjustable delivery mechanism to
25 aulomatically adjust to deliver the minimum cffective dose of the inhaled drug
10 the individual patient and to deliver the minimuin effective dose.
According to still further features in the described preferred
embodiments the method further includes: (d) manually inputting the minimum
effective dose to an adjustable delivery mechanism; and (e) delivering the

‘minimum effective dose of the inhaled drug to the individual patient by means

Led
>

_of the adjustable deltvery mechanisin .
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15 The present invention successfully addresses the shoftcomings of the
presently known configurations by providing systems and methods for
determining a minimum effective dose of an inhaled drug for an individual
patient at a given time bascd upon results of a single measurement of a
pvulmonnry performance indicator immediately prior to inhalation of the

20 medication.

Implementation of the method and system of the present invention
involves performing or completing selected tasks or'steps manually,
automatically, or a combination thereof. Moreover, accerding 10 actual
mstrumentation and equipment of preferred embodiments of the method

25 and system of the present invention, several selected steps could be
implemented by hardware or by software on any operating system of any
firmware or a combination thereof. For example, us hardware, selected
steps of the invention could be implemented as a chip or a circuit. As
software, selected steps of the invention could be implemented as a |

30 plurality of software instructions being executed by a computer using any

- suitable operating system. In any case, selected steps of the method and
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softare, selected steps of the invention could be inplenented as a
description of the principles and conceprual aspects ot the invention. In this

regard, no attempt is made to show structural details of the invention in
more detail than is necessary for a fundamental understanding of' the
invention, the description taken with the drawings muking apparent to those

13 skilled in the art how the several forms of the invention may be embodied
in practice.

In the drawings:

FIG. 1 is a schematic representation of a system [or detennining a
minimum effective dose of an inhuled drug for an individual putient at a

20 given time according to the present invention.

T1G. 2 is a simplified flow diagram iliustrating possible sequences of
events in performance of a method of determining a minimum effective
dose of an inhaled drug for an individual patient at a given time according
to the present invention.

25 FIGs. 3a and 3b are side cut away views illustrating operation of one
embodiment of an adjustable delivery mechanisim suited for use in the
context of the present invention.

FIG. 4 is a side view of an adjustable delivery mechanism suited for

use 1n the context of the present invention.
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based upon results of a single measurement of a pulmonary performance
indicator immediately prior to inhalation of the medication. The invention is
expected to find especial utility in care and treatment of chronic asthma
15 patients by reducing the total amount of glucocorticoids inhaled over a
peried of time. This reduction in glucocorticoid consumption is capable of
reducing the adverse impact of coticosteroid compounds.
The principles and operation of systems and methods for
determining a minimum cffective dose of an inhaled drug according to the
20 present invention may be betier understood with reference to the c]m\\’iﬁgs
and accompanying descriptions,
Before explaining at least onc embodiment of the invention in detail,
it 1s 10 be understood that the invention is not limited in its application 1o
the details of construction and the arrangement of the components st forth
25 1n the following description or illustrated in the drawings. The invention is
capable of other embodiments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology and terminology
employed herein is for the purpose of description and should not be
regarded as limiting.
30 Referring now to the drawings, Figure 1 illustrates a system 20 for

. determining a minimum effective dose of an inhaled drug 36 for an individual
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unl effective dose of an inJlyd ed drug 36 for an | nd'i‘V| dual
15 connection,
Thus, according to some preferred embodiments of the invention,
measuring apparatus 22 and data processor 26 arc integrally formed together

and connected, for example, by a wired connection. More preferabiy, data

processer 26 is incorporated into measuring apparatus 22 as, for example, a

]
Lot

microchip or printed circuit.

In some instances it may de desirable 1o incorporate an existing data
processor, such as a personal computer or personal digital assistant, into
system 28.as data processor 26. Alternately, but also preferably, measuring
apparatus 22 and data processor 26 are separate units which are connectable,
25 for example by a wire, a Jocal area network connection, or a fiber-optic
connection for purposes of communication. Alternately, but also preferably,
measuring apparatus 22 and data processor 26 are separate units which
communicate without benefit of a physical connection by means of, for
example, an infrared {requency transmission connection, a radio frequency

30 connection, or an electromagnetic connection.
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15 Relation of FEVI to drugs absorbed / cortisol production is stimmarized

m EQUATION 1:

y= —-17.183+0.645 { measured FEV1I X 'J.OO}
anticipated FEV1 J

wherein y is the percentage of drugs aborbed/cortisol production.
20 Determination of a computed minimum eflective dose Z (in

ymcrograms) 1s accomplished by EQUATION 2:

Z=BD —%B'D X (IMFRP - BFRP)/1 OO;} x 0.645

25
wherein BD indicates a basic dose at the beginning of treatment, MFRP
indicates a measured FEV relative percentage and wherein BFRP indicates a
basic FEVI Relative Percentage (100% is the normal) when the BD is

determined. MFRP may be determined anytime while consuming medication.
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Alternately, but also preferably adjustable delivery mechanism 34 is

designed and constructed to receive computed minimum effective dose 30 as a

manual data input by means of a data input device 40 (Figure' 4).on delivery

mechanism 34, In this case, computed dose 30 is displayed on display device

15 32 and observed by patient 21, Tor purposes of ths specification and the

accompanying claims the phrase "display device” refers to any device for

presentation of data to a pattent. The delinition includes, but is not limited to

mecanical displays, speakers, LCD screens, LED displays, CRT displays and

active mainx displays.

20 Patient 21 the inputs computed dose 30 into input device 40 on delivery .
mechanism 34. Delivery mechanism 34 is further designed and constructed to
dehiver computed minimum effective dose 30 of inhaled drug 36 to individual
patient 21 either as a result of the manual data input via input device 40 or as a
result of subsequent actation of delivery mechanism 34. Figure 4 shows display

25 39 of data input in arbitrary units. In the pictured embodiment of delivery
mechanism 34, input device 40 1s a rotating ring (rotation depicted by curved
arrovw). Each increment of rotation is depicted on display 39 (e.g. as the
number 4 on an arbitrary scale from 1-7. Examination of display 39 helps
patient 21 to ascertain that they have correctly input computed dose 30 to

30 deliverymechanism 34. While numerals are pictured in figure 4, it may be

- advantageous to express computed dose 30 in non-numerical units (e.g. colors,



he BD is determ ned. NJFRP may b deterTnined anytime \tihile consum ng
medi cation. t4' O 2004/057300 PCT/Y. 1, 2003/001 000 13 it 20 T .a' 4' AME

irlc]LCl 20])};% W& deli™ er, iniec:harlisni 34 sLiIprb |.t C:~"n";~L ni
AvJth c a rocessc rll I|]|T I|nn Cftcclivc dose BBCT/DLZOD&/QIMOOO

171" echal | ; 111 34 is Ueslonc'd and™i!nlrricicd :c dChVel cO:; lsuiel 1 MOA&
A 36 to KNQ/\] 11CJ]Jt 21. Inhs'cd drug 36 is often st:pplii | in 111C a

} Irn]mllCCl cr o ai},uit ,.>11 42 -:dWionA m rudl Cr:ts. 1t is expected
that dt=HERS lwheﬂé?ngenamhwé«nnzw@antormt(r]to 'restablpatidel 2y eroyn Beeghani sn'is \\

il d and t Cpeofthelean"allj"sabledcllveD
mechnoi’ o) r]"LH ‘F?L?”hlqjér?‘ébg’% o include all L1C1Il 1]e',Y t Chr.oyo llic']i]
ltel;'. btlC 1AV r' Y I1]C Ch liilsl:i
34 is r wd. n\ﬁ#&gand g%ﬁ‘“?rhk‘th iaﬂf’%)gr}é}&}e“ \Pé?’w‘:‘gnﬁ%rt%\d”w\]lf‘mni effec'ive dose

30 as ~hechnicd dispensen, an elecd@mMid gis b d to input
device I (1 (; i El’él’l 1)L oLn e(' |]v B%rnyjc‘g}?”gmuﬁmgﬁﬂ cfm"?”rﬂl% case,

corrpute(q1€€®®§elr3®{l|\$td4nlca:v&ctmdﬁ&dkl&ﬁbkayc ,Ldmbt,s]ew@hinmmﬂﬁg 0 21. For
pur poses of t' 15 speni nnmon and the, acConlpanOL chuns the'tufirnse,

di spili t&f"ﬁl@%é’éi ?cﬁeﬁhmuw Binceldvleert Olcchnhami 84 nofy dataert o al pati ent.
The del,| gl | ncl.udes, not limted to nlcci]'slical displays,
spcakergmq thl’.)L ILd)r]gér‘ljsr HE)\E’_)r U spliays, CRT displays and act,vc matrix

di spl ayrs. Raf pre@nt%jn erﬂ pMBeicﬁ]Clﬂ %ﬁ;' ha%fghﬂéﬂel 12)?1]2‘@' nput - devi Ce| |42d

on delivery ii chanl sn rther Ul esl

and col(bvmrﬂtZ)aite:inanmcdel(ilov,engQ)(pr;hr};;;]@gl 1S I [ ve dose 30 of
i nhal ed drug 36 to individual ;lent } LE 6622 1g]fr%gehs\u lgalof t he manual

daff] Papeat i 'I apun tdew.i ﬁﬁlhé@\ﬁrmasdtas estidin®b2 suhseguent tuition of
del i ; ]e' ch 1nisni 3-1. Fi urc 4 Shows display 39 AMi nput in
arbi t raP{}"%'Pﬂrt PEropPHEs | H?fbt‘ijﬁetilbemf@mtneﬁtl ofindistdwepylishczhnni s]n 34,
Ench | MY SUONE 31 NIBELTBR o liaitet bR sBomeuT T rohghe. Be. the | number
4 en apeidd RbbnAEK: SAHEh QM aisc QT PRL! e?}?p!ggu \wﬁuo?y 39 hel ps
significantly effecting method 30 or an outcome thereof. Method 36 further
15 meludes communicating 54 pulmenary performance indicator measurement
24 to data processor 26 and computing 36 minimum effective dose 30 for
mdividual patient 21 by applying predetermined rule 28 to pulmonary
performance indicator measurement 24 within e data processor 26.
Optionally, but preferably, method 50 further mcludes transmitting 38
20 . mininum effective dose 30 1o adjustable dehivery mcciumisn; 34 frem data
processor 26 via a chonnel of communication between adjustable delivery
mechanism 34 and data processor 26 and permitting 60 adjustable delivery
mechanism 34 1o automatically adjust to deliver the minimum effective dose of
inhaled drug 36 to individual patient 21 and to deliver 64 the minimum
25 effective dose 30 to patient 21,
Alternately, but also preferably, method 50 further includes manually
mpuiting 62 minimum effective dose 30 to adjustable delivery mechanism 34
and delivering 64 minimum effective dose 30 of inhaled drug 36 to individual
patient 21 by means of adjustable delivery mechanism 34 .

30 System 20 is optionally, but preferably supplied as an article of

~manufacture for autonomous individual optimization of a treatment protocol
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does ot cause significant rritation to an organist and docs not abrogate
the biological activity and properties of administered compound 36. An
15 adjpavant is included within this definition.
Pharmaccutical composition 42 may firther contain an "excipient”
which, as used herein, refers to an mert substance added to a
pharmaceutical composition to further facilitate administration of an active

ingredient. Examples, without limitation, of excipients include calcium

29 carbonate, calcium phosgphate, various sugars and types of starch, cellulose

derivatives, gelatin, vegetable oils and polyethylene glycols.
For administration by nasal or oral inhalation, the active ingredicnts

for use according to the present invention may be convenlently delivered in
the form of an aerosol spray presentation from o pressurized pack or a

25 nebulizer with the use of a suitable propeliant, e.g.,
dichlorodiflucromethane, trichlorefluoromethane, dichloro-
tetrafluoroethane or carbon diexide. In the case of a pressurized aerosol,
the dosage unit may be determined by providing a valve to deliver a
metered amount.

30 Articles of manufacture of the present invention may, 1f desired, be

. presented 1n a pack, such as an FDA approved kit, which may contain one or
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del i vepedratms 2T-datatprocessor 22 and adjustable delivery mechanism 34 are
15 integrally formed together or connected one to another.
According to alternate preferred embodiments of the invention
measuring apparatus 22 and data processor 26 are integrally formed {ogelher.or
connected one to another and adjustable delivery mechanism 34 is connectable
thereto.
20 Itis appreciated that certain features of the invention, which arc,.for
clarity, deseribed in the context of separate embodiments, may also be provided
in combination in a'-singie embodiment. Conversely, various features of the
mvention, which are, for brevity, described in the context of o single
embodiment, may also be provided separately or in any suitable
25 subcombination.
As an illustrative, non-limiting, example of the potential benefit of a
systems 20 and methods 50 according to the rﬁresent invention, consider the
case of a hypothetical asthma patient Ms. Bea Wreatheshard, Bea has been
treated in the past with a standard metered doses inhaler which delivers 50

30 mucrograms of an IGC based drug :- ; acmation Her doctor has mnstructed her

* to inhale two actuations in the morning upon arising and two actuations before
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Jnetr'red ~ nmount. Articles of nianuf_ ilcture of We present iii%mtion
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ai pparatus 22 and data processor 26 .ire |ntegrally formed to =a :they or
suffering most from Asthma. On days when Bea is breathing nonmally, she will
still actuate delivery mechanizm 34 4 times but may recerve no medication at
all. Farther, according to preferred embodiments of the incvention, Bea will be
unaware of the dose 30 she is receiving. This may be accomplished, for

15 cxample, by use of an automoted delivery mechanism 34 with no display or by
use of dispiay device 32 and daia input device 34 which cmiploy non-
aiphanumeric symbols. For example, names of classical music composers or
animals might be employed to indicate different dosage levels. As aresult,
stress, which is believed to be a contributing factor in Asthmy, is reduced. Thus,

20 as arcsult of the present mvention, Bea benelits from reduced 1GC
conswmption, an increased feehing of wellness and reduced stress,

Although Ih‘c invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accerdingly, 1t 1s

25 iniended to embrace all such alternatives, modifications and variations that fall
within the spirit and broad scope of the appended claims.  All publicatiens,
patents and patent applications mentioned in this specification are herein
incorporated in their entirety by reference into the specification, 1o the same
extent as if each individual publication, patent or patent application was

50 specificelly and individually indicated to be incorporated herein by reference.

- In addition, citation or identification of any reference in this application shall



connected one to another and adjustable delivery nmechanism34 is
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minimum elfective dose for the individual patient by applying o prcddummu]

rule to sid pulmonary performance indicator measurement.

2. The system of claim ], further comprising:

(¢)  an adjustable delivery mechanism capable of communicating
with said data processor and receiving said computed minihum elfective dose,
said delyvery mechanism designed and constructed to dehiver sard computed

miinmum ctfective dose of the inhaled drug to the individual patjent.

3. The system ol claim 1, further comprising:

(e}  an adjustable delivery mechanism designed and constructed to
receive said computed minimum effective dose as a manuval data input, said
delivery mechanism designed and constructed to deliver said computed

minimum effective dose of the inhaled drug to the individual patient.

4, The system of claim 1, wherein said measuring apparatus is
selected from a group consisting of a spirometer and a mechanicaol peak flow

Imeler
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wherein BT indicates o basic dosc at a beginning of a trestment;

wherein MFRP indicates a measured FEV I relative percentage;

wherein BFRP indicates a basic FEV1 Relative Percentage when BD is

detenmned;and '

wherein Z represents the computed minimum effective dose.

8. The system of claim 2, whercin said adjustable: delivery
mechanism inchudes at least one item selected from a group consisting of a
mechanical dispenser, an electromechanical dispenser and a piczo-é!cctric
dispenser.

9. The system of claim 3, whercein said adjustable delivery
mechanism includes at least one item selected from a group consisting of a
mechanijcal dispenser, an electromechanical dispenser and a piezo-electric

dispenser.

10. A method of optimizing a dose of an inhaled drug to an
individual patient at a given time, the method comprising:
(a)  measuring at least one pulmonary performance indicator

- measurement of the individual patient;
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individual patient and to deliver said minimum effective dose.

12, The method of claim 10, further comprising:

{d)  manually mputting said minimum cilective dose to an adjustable
delivery mechanism; and

(e}  delivering said minimum effective dose of the inhaled drug to the

individual patient by means of said adjustable delivery mechanism .

13, Themethod of claim 10, wherein said measuring s
accomplished by a device selected from a group consisting of a spirometer and

a mechanical peak Tow meter.

14, The method of claim 10, wherein said pulmonary perfonnance
indicator is selected from a group consisting of forced expiratory volume in one

second (FEVI) and peak expiratory flow (PEF).

15, The method of claim 10, wherein said minimum effective dose 1s
presented in a format selected from a group consisting of actual quantitative

- units and arbitrary units.
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mechanism includes at least one item sclected from a group consisting of a
mechmnical dispenser, an clectromechanical dispenser and a piezo-electric

dispenser.

18, The method of claim 12, wherein snid adjustable delivery
mechanism includes at least one item selected from a group.¢onsisting of a
mechanical dispenser, an electromechanical dispenser and a piezo-electric

dispenser.

19, Anarticle of manufacture for avtonomous individual
optimization of a treatment protecol for an individual patient suffering from a
respiratory disorder, the article of manufacture comprising:

(a)  ameasuring apparatus designed and constructed to measure at
least one pulmonary performance indicator measurement of the individual
patient; and

(b)  a data processor capable of communication with said measuring

apparatus, said data processor designed and configured to provide a computed
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nile to said pulmaonary perfornmance mmdicator measurement.

(¢)  anadjustable delivery mechanism designed and constructed to receive
said computed minimam cffective dose and to to defiver suid computed
minimum etfective dose of the inhaled drug to the individual patient.

(d) & pharmaceutical composition identified for treatment ol the respiratory
disorder being contained within said adjustable delivery mechanism, soid
pharmaceutical composition including, as an active ingredient, an agent
capable of relieving symptoms of the respiratory disorder; and

(e} packaging materinl..

20.  Thearticle of manufaciure of claim 19, wherein said adjustable
delivery mechanism receives said computed minimum effective dose from said

data processor antomatically.

21. The article of manufacture of ¢laim 19, wherein said measuring
apparatus , said data processor and said adjustable delivery mechanism are

integrally formed together or connected one to another.

22, Thearticle of manufacture of claim 19, wherein said measuring

apparatus and said data processor are integrally formed together or connected

one to another and said adjustable debivery mechanism is connectable therto.
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