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denonstrate clinical safety and efficacy of cystic

fibrosis therapies. In particular, a nmethod is

di scl osed for characterizing the efficacy of an agent

targeting a cystic fibrosis defect, such as for
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Aneri ca. is caused by inheritance of two mutant
alleles of the CFTR (cystic fibrosis transnmenbrane
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decline in CF: dornase alpha (thDNase) (Pulmozyme®), and tobramycin inhalation solution

(TOBI®). Both products were shown to be effective in persons with CF in prospective,
randomized, blinded, placebo controlled clinical studies that compared change in pulmonary
function (as FEV; % predicted) from baseline relative to placebo. Pivotal efficacy trials for
both products were conducted in subjects with moderate to severe lung disease (FEV; between
25% and 75% of predicted values based on height, age, and sex). Change in pulmonary
function is considered a valid surrogate for survival as a clinical study endpoint in CF because
of the high incidence of death as a result of loss of lung function in CF, and demonstration that

pulmonary function is a strong independent predictor of relative survival for persons with CF.
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after sigpificant disease progression has occurred. Demonstrating the safety and efficacy of a

therapy administered before disease progression has occurred would require that a blinded
placebo control population develop measurable lung disease. Such a study would require
several hundred subjects per arm and duration of years to allow for measurable disease
progression.

[0008] Nasal potential difference (NPD) is a relatively non-invasive measure that can be

collected in infants, but that lacks key features of a viable endpoint for approval. NPD is
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persons with CF and persons without CF can be demonstrated using relatively modest sample
sizes), clinically valid (in that clinicians would consider a statistically significant change in the
incidence or magnitude of the measure as clinically meaningful with respect to risk of disease
progression), and mechanistically sound (in that the measured endpoint can in some way be
linked back to the primary defect). The invention addresses these challenges.

[0011] The invention takes advantage of previous observations that persons with CF are

prone to lung infections with pathogens such as Pseudomonas aeruginosa, Staphylococcus
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first lung infection in a control sample population of subjects; wherein a prolonged time to first
infection in the sample population in comparison to the control sample population is indicative
of a treatment effect. Using a time such as a median or average time to first infection is
preferred. Calculations based on median time are most preferred.

[0015] The subjects in the sample population and the control sample population have the

primary cystic fibrosis defect. Agents include therapeutic drugs or compositions for treating
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measured by an in vitro culture of bacteria or by quantitation of host antibodies directed
against bacteria, for example, measured using a fluid obtained from a subject such as mucus or

serum.

Brief Description of the Drawings

[0022] Figure 1 shows the effects of standard deviation and observed treatment effect on

clinical trial design.
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defect %Ir}g ?a%lednngnttriqulglc %Irlt?gggg :c(:i‘ct{)\}citylils'I Sl%ployefdelﬁ tvslfh?c% clinical studies employ the

hypothesis that clinically significant reversal of the primary CF defect results in a reduced
incidence of opportunistic infections in uninfected infants with CF. Incidence of infection or
the presence of infection can be measured by any number of Validated,'predetermined methods,
including (but not limited to) in vitro culture of oropharyngeal swab samples, in vitro culture of
bronchoalveolar lavage fluids, or quantitation of host antibodies in subject serum directed at
bacterial haptens such as exotoxin A, elastase, or lipopolysaccharides (Burns et al., J. Infect.
Dis. (2001) 183(3):444-52; West et al., JAMA (2002) 287(22):2958-67).

[0027] Infants with CF are prone to opportunistic respiratory tract infection with pathogens
including Staphylococcus aureus, Pseudomonas aeruginosa, and Stenotrophomonas

maltophilia at dramatically higher incidences than the general population, with cross-sectional
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than 959 [Burh®ef dll, tsﬁpi‘{zﬂﬁﬁ@gd S;ﬂe?i Rébplil’a’&)rys anglre am@uioadz indection in
onparison_to the control sanple ation. Su
infants Ié?egp SN mpdlemﬁ@@bﬁ%quieﬂmre&&egg@l 6$ PLﬁHlPP@é{tthé?&e @ﬂfﬂi‘etet al,,
J. Clzn.%rﬁ%l%z%?glé%?ﬁ8%¥1 B849: Bk EsticBall %Iﬁ%;ld i b, Y914 (2005)
prol onged act ual

t1ime, ‘median ti or average ti ne.
293(5)1986#8& Bbtanse hoesloflunyg ifuretios mthagunlaoy cqmaﬁpomlmumaa (CFF

acterizing the. efficacy of ana tar.getin .
Nation i, e rAIEE SCUTISR TP L CRPRT AT P Db s psiology
resultlr%ﬁh'r&ldcﬁd iRiRhePESsBhctifn !ﬁﬂufkhpﬁ)'vh Bhﬁl@hll}sﬁqléﬁh@gilﬁmh%imans
othesis that clinically significant reversal
pr0V1d¢d1féaapfhﬁ st ggegihasatodotrinsisautibivticacavifieduced i nci dence
[OO%‘} ﬁ?ﬁ glirs% 'élzéﬁl cilcle %E?e%%mlr%n of}'?ﬂztt %{oglcsifé ﬁffaﬁtgmt(ﬁ? i’sv'fﬁﬁ]ly high,

a statlstlélzflg@sﬁ grificd &e&tﬁleﬁeﬁ'ﬁtt eth I’ﬁrydéiiit)nstruﬂ&ﬂ evithabasoahblg atoddst sample
E ternm ned methods, including (but not Iisg)ig)edto

sizes. Sauplestzss EAUIET £ B5UTE PRIV Jenudifmtrekng3 X0go trpgment effect

==Y I

(e in WG e B O R 2% %@%%%%%Iﬁ%%? Gy cetment) are

prov1deﬂ ssecfordtiat ofmatrel aral infmpibe nxidnchinaBabdk bt oxi n A,
el astase, or |ipopol ysacchari des (Burns et al., J.
Infect. Dis. (2001) 183(3):444-52; Wst et al., JAMA
(2002) 287(22):2958-67). @UE'F] Infants with CF are

SamplegSigest Requipest fou90%4 Statistisyli Raxvesras a Funationof dufecdon Incidence

wi th _pat hogens including Staphyl ococcus aureus,
PsGendohibfratiorslasideicnosa, ard%st enot ¥ phonoR% 10%
netleaRbht thdctdh bida@d | cal 120%i gher1doci deno®s t hasut he

I th I
TR, i e, e

i nyanNSSig Repuesd peh ARe US Péss tha year agg13
("Sylslta =0.65i dye-oidédswi-gravmrkantingity-conegtddafsdt offegual Rfmorfﬂesgi stry
Annual Data Report (2003) Bethesda, MD ("CFF Nati onal
Pati ent Regi Slgféq)égzﬂié .Longi tudi nal _anal yses aqf i nfant
[002Yn Bt mstancme t viar eduireskioi abiaie PO noxeer forfr @orarped study
. § 0 0
inendfl oAb A dSaliih Bl Bpicio oF WACREA NG 00 GRRERIY 10 15%
was sigiificans app &)0.050woulédt dA4 subjects per arm.

[0030] Perhaps the most important attribute of a first infection clinical trial endpoint for
regulatory approval is that a trial would be conducted in the very population for which a “cure”
is intended. Advantageously, a database of safety and efficacy in infants with CF may be

developed under strictly controlled and monitored clinical trial conditions rather than to rely on



than 95% (Burns et al., supra) by age 3 years.
Respiratory tract P. aeruginosa infection in infants
wOo0w/8i120ng predi ctor of subsequent progressi BATAR2006/002949

pul nonary di sease (Denko et al., J. din. Epidemol.

(1995) 48:1041-1049; West et al., supra; Li et al.
post-miidiing 20050l A BB B resigieng beneBodamived irveldem pickersgbjects back to
inf tfunction is the primary cause of nortality in CF (CFF
ntaM%at i onal Patient Registry, supra), a clinical trial

[008TYd PRknithertial ¥éHstdRrRAioa s A8 Eavion dévelhnidty 5F  CPQYire in infants. For
resulting in reduced incidence of infection should

instanqgy teanarketrfizedior ¢ CReting Aproved: for Pieyiesetnent of apympfomalic patients is
_ ¢ : Py LS
st 5 SRR s OB ARSI Pl o gover
lung diseave! This ﬁﬂ?)sltchm drivg ifmﬁ@faétarm ¢dm Kéﬁzoinﬁ;lfra ithidt w GH dpng shown to be
statistically sjgnificant treatnent effect can be )
safe andlesHsiEYS a&rek%wky _ea@%%ﬁ&srwﬁ%%he coapidpred dprggtment of patients
with VanceLCF diseiid! &ﬁijthﬁtoe@?g&ﬁﬁor?%@eﬁeﬂﬁhtd‘ tRht ;ﬁ?ﬂﬁki@ﬁ is much
seeking a 50%treatnent e ct {1.e. in which'the
more likety ewcar than thefeeovéremn i s reduced 50% over a given

T X
the previdiRlaBprovaR of REONbdcamdTas dg&ofﬁﬁta%éeﬁ td BatonmavRIallFS/idble.

Function of Infection Incidence Control Infection .
Reductipg indidme éo 1destRompes tedmarciatifelly Yahidead copmercially viable

i 0 0 0 % T t i
ey SHEBOFBrSSEAT AT P SUE t BiCg el
conserffls A9 viZidch adsdy(s) toadtgpidardizeo Abtecomespititatgdratiiafagtion (.g. Burns et
oL, up G Bt k- FESERRHLDe Aok SRmBILn ST EBYs BN gagneasured by the
choserg%ga/}; ?1}1]19{08@ RNBEd (Pbrder tB\’fﬁftl?ég WRHdAL HDenlipsigNaRIhIToH adequate

at a treatnent-related reduction of 1nfection
poweringxifgerndd tfinlom 30% to 15% was significant at p = 0.05

l.d be 144 subj.ect 0030], Perh th t

100855 e denen Fregnc sRGhyRe Covar e el prpodre
ty al  endral ®itide®an be PeHein®din RPHIEHAte tafzet Petfuldiohfbethe drug

woul d be conducted in the ver% popul ation for which a

candidatg, frdantp svihrER nidesiwillelleane aweb mrg direct gualnyippeofsiinical efficacy
« Saf, n ' VA A , . may be

2GR TG BBl Pl ™, 2

cP) ni cBEcdukd dle incidetick io6bscteril herg ihfeationsdn IGH iyifants is relatively

.. onpost-marketin xtrapol ati on_of treatnent penefits
high, apdihegage the (it eficary dogs nof Fjanire Sheraapparison ppaputation means for

a continuous measure (such as pulmonary function), sample sizes required to demonstrate

efficacy are reduced.

[0034] The sample population or the control sample population that comprise infants are
preferably less than six years old, more preferably less than three years old, and most
preferably less than two years old. Infants that are younger than two years old represent a high
risk group and thus are preferred subjects for the inventive method.

[0035] In one aspect, the method comprises measuring the incidence of lung infection in a
predetermined period of time. The optimum time depends on the underlying incidence in a
control population. Preferably, the predetermined period of time is six months, which is the

minimum time required by the FDA for registration of the agent for chronic conditions, for



[ 0031] Conmercial considerations also favor
devel opnent of a CF cure in infants. For instance, the
worndemsiedze for a CF drug approved for the trearmsn6/002949
of asynptomatic patients is substantially |arger than
one approved for the treatnment of patients with
examphm dePlese [ tidsvehatdr pragewininad periousiod tings ey hejyseddsugl as three

acturers can. be confide t hat dr ho to
mont doRLAPEe MR VAP A PR et R ey AEaRP R i, such
as a yeat bl maleSRabh Be aOAEEAG IRHe [iRIdchéSat 1iRP infeftioRas tednt& Mckhain
nore advanced CF di sease, and that extrapol ation of
populasien®fit into that population is nmuch nore likely to
CHr n . . 0 .
s
this caltaiBfioh &fill khew argeiaowhichppfcotdl develops Nasmilativd, dndShus may be

. does not appear, to be conmercially viable. Reduction
considpred @jspgviyad apglyEst i on appears to be a scientifically
lixd ' Vi £ [ He followi
1007 iR REAR Ehidr oo I fof 1 £k BEGY pSTR b, B otlowing
exampldsiand giabid fritlenpurose afdlistrating thesnventioh aod shedlswy bs yornstrued as
bei shandardi z‘g1 to detfeﬁt . resPi raté};i)r. tract infection
eing 3 ymifatigh, o, theseong of the Ipypulion AaIgs. 51 supra) will be
necessary, and nornative pediatric data neasured by
the chosen assay nust be_collected in order to further
val i date the endpoi nt ang—%ml’—lﬁ\?w adequat e powering of
ivotal trials. %_0033] The inventi o%g@%ﬁ %,sti nct )
[00 %&q@@@@ Pé@l?é}se i which 289 swhigcts aréﬁ £ _mf)l: prospective
. n - dhi
ool 0,850 RS LOL IR by DA, sy oo
CF cofaplicafions swohlds nalconeunailieus hTorbe encliided ¢ thesaldyasubpeetsofiust be less
clinical efficacy.as.q. "cure" CE5 and. wi| | .
than QU5 F 53 G R I AET S ol S RToST PHECHedesth githout
eviderlcB 6F BRAGHRI ﬁlffe&ﬁﬁta@ gé@émh% RAJ intb@6dd nSert Frotd ek Bif ¥t Ran.

is relatively high, and because the test of erficacy

Subjedvars administergdieithen ecebo wpastivedheray grspuding fogehedwdaior a
for. a, conti nUOUS. Neasur suck / N ct .
predettipfLSQI VRS T B3t DGR oI A 2 MR EE b bactera

infectibf tihe hop186SH [Botlh suleripirl invtikabistie blinddddo Gaidemlty of
e popul ation that caonprise infants are preferabl

I
treatmpig oA L RLERY a5 thrquehpyt e gtudysibicpis erersapssd fos die prRsgice of bacterial
infectiBH ﬁﬁﬁg X%@év? &k}ﬂvalm%drﬁgs?ag twhﬁf(ﬁlre.aﬁ{ éfu#f&ﬁnﬁﬂﬁgn,ttﬂé)inc'd nce of
year s-old. ' llg

ants that are younger than two years o
bactertabpifersientin thelyilagebo igedupds cempandita the sncadencp pfindectienl in the
treatmgrlljtbén%? gfgnff{)c%nct:ehi% c{i&\e/r%put:ei i\é ?esggé lqglgg a two-tailed Fisher’s Exact test with
alpha = 0.05. If an incidence of 25% infection '(i.e. 25/100 subjects) is observed in the placebo
arm, any incidence of infection below 13% (13/100 subjects) in the treatment arm represents a

significant treatment effect (figure 2).

Example 2

[0039] A study design comparable to that in Example 1 is employed, except that the
duration of treatment exposure is significantly shortened, with an expected 10% net incidence
of infection in a comparable untreated population over the study period. A total of 300

subjects are treated per arm and assessed for bacterial infection at termination. If a 10%
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[ 0035] hi one aspect, the nmethod conprises measuring
the incidence of lung infection in a predeterm ned
woeniepdiad time. The optinmumtime depends on t RET/US2006/002949
underlying incidence in a control popul ation.
Preferably, the predeternined period of time is six
(30/300)&111&1&131;:&3 mﬁmd:‘dmtuos ig ¢hservedimthmplaceeo amywiny aabidgnee héinfgon in
eqgi agent for chro ond|t 2
the trealgent gESEY 1 o0 BHE] eprsSenss bRl a B
S of time may be used, such as three nDnths for
eﬂbd(@%H229II trials, which may ShOM/prOOf of concept.
Longer durations of time, such as a year or nore, nay
be necessary if the inciBABEE Bf Iung infection is
STGNIFEGANCE: OFt EREASOMINE EFHECT 8535 FUNCEHINHAF EVENT
aspect, the MOIDENCEENtA0600 SEBJECASTUDACt i on i s
cal cul ated. Essentially, this calculation will show a
rate at which infection develops in a population, and
t hus nawﬁgoo:op@ir@nﬁd a survival analysis. [0037] A

det ai | egad€B6" | Pldceboof trédttndntv Bhimenthavi ngp been
provi ded, RRRY € intiBenéS! Iéwmg CHRERe are given for

ntsig%rap eutic

the purposea : e apeshal |
not be coﬁ@trued1%9 bein li mi t3E%n on : 5'-pe of
the inven8Pon or1@0% ns. E|>Z|arrpl e 3[7/‘003 g] A-QPely is

proposed 88 whi ch0.280 subjléct s ar%oﬂhndonﬂ%@959% al:1

prospecti 88 nmanntd.0%al anc1|3ng f or4Rfflown riGR10aER ors

such as paécreati@.0Pkhsuf fiteli ency,4.B8, and hD$T93y of

CF conpl i gpti ons1glgeh as nuroneun509$eus 0.020e29

i ncl uded BU t he $@@Mg subMpcts nygmgbe | 3045088 two
I cal 5

years iof - il of0.667£9310-
pllocarplne Sweat™ test ; thout 'evi dence of bacteri al

i nfection at screening, and informed consent from

| egal guardian. Subjects are adm nistered either

pl acebo or active therapy according to schedule for a
predeterm ned period of tinme (e.g. 6 nonths) predicted
toresult in a 25%incidence of bacterial infection in
t he popul ation. Both subjects and investigators are
blinded to the identity of treatnments. At intervals

t hroughout the study, subjects are assessed for the
presence of bacterial infection using a previously
val i dat ed assay technique. At study termination, the

i ncidence of bacterial infection in the placebo group
is conpared to the incidence of infection in the
treatnment arm Significance in difference is testing
using a two-tailed Fisher's Exact test with al pha =
0.05. If an incidence of 25% infection (i.e. 25/100
subj ects) is observed in the placebo

10



arm any incidence of infection below 13% (13/100
subjects) in the treatnent armrepresents a

weoeigwiBi«eant treatnment effect (figure 2). ExanpCe/uUR2006/002949
[0039] A study design conparable to that in Exanple 1
I's enpl oyed, except that the duration of treatnent
exposure is significantlyClglmgtened, with an expected
10% net i ncidence of infection in a conparable

ntreat ed ul ati on .over, t st udy ' .
00" < bRt BaPRPng e AT g bl Heetihd Sty oystic
fibrosisdRREdEEbBPridiMd ection at term nation. If a 10% 30/300)
i nci dence of infection is observed in the placebo arm
any i meagisinge dpngaindbe platys of lungdnfeptaon W@rﬂaf@i‘?ﬂ aign of

. 5 7% (17/ ji - epr. ti St
subjectS pdpistd s e R ERAE bRt RS S Oh S RBb dobblsBh Y subjecs
gl\/ GNI FHeANCE e SRbjEREAT tMeNImpRRRioETl aAGh And-tHNCEhON s@fple population
ENT | NCI . DENCE, IN_A 600 SUBJECT STUDY N=300 per. ar
have thg PRGSEC Y5 EDERS 8t ARA BBt ve pred e REt R e
event g jnei 30 % 1R Rudl6QuRORFERi0R % # Htplel
5 706 OISR 8RR hhedh MY sur 0 fu R odth b ity
populadorBih @niphfiStbio3he dantYsdmpld papolatianiz dsligaive®f adseament effect;
d 5.0% 0. 029029 30 10.0% 16 5. 3% 0. 045058 30 10. 0% 17
an 5.7%0.0672931Cl ains 1. A nmethod for characterizing
the effiefdif thetfgemNad@antrinkiR86bioig activifyl Mary cystic
fibrosis defect conprising nmeasuring a change in the
status of lung infection in a sanple population of
subj ecirs AARAGEIAEET whBRiPHe AleabiinpOsieafutthencdntprives
control sanple ﬁ)opu[ ation of subjects;
a) measuring t

e incidence of lung infection in a predetermined period of time
in the sample population of subjects administered the agent in comparison to the incidence of
lung infection in the predetermined period of time in the control sample population of subjects;
and

b) comparing the incidence of infection in the predetermined period of time in
the sample population to the incidence of infection the predetermined period of time in the
control sample population;

wherein the beneficial change is a reduced incidence of infection in the
predetermined period of time in the sample population in comparison to the control sample

population.

3. The method of claim 1 wherein the measuring step further comprises:
calculating the time to first lung infection in the sample population of subjects
administered the agent in comparison to the time to first lung infection in the control sample
population of subjects;
wherein the beneficial change is a prolonged time to first infection in the sample

population in comparison to the control sample population.
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wherein the subjects in the sanple population and the

control sanple popul ati on have the primry cystic
woieosi«o def ect and are uni nfected before theragaisLoosm02949

adm ni stered; wherein a beneficial change in the

status of lung infection in the sanple population in

donparlbs arethas afivdaimcht r ol sanpl e popul ation is

i ndi cative qf .a.treatne ef f.ect: a YN .

agent e e R EE T e g fle 148P B PEEL T diured by an i
vitro cilRlr® efbRferialdbinghahigti@i ¢f Hoseart®asies diertal spidsubidieta.

conprises a) neasuring the incidence of |ung infection

in a predetermned period of tine in the sanple

pRPUl AtHeRReiRdd SURICRERS, dthetdm feeingdkotiier iaBendn Ish median time.

conmparison to the incidence of lung infection in the

predeterm ned period of tinme in the control sanple

RppUl aitﬂe%tﬁédﬁ%jﬁ'%?ftl%ab'é@gcmm§0”par! ng the incidence
of infection in the predeterm ned period of tine in

t he savipiran flepubicisef thesaniple pemilationcad ghe ¢anfrebporaation are
f tthe predeterm ned period of tinme in the control sanple
miatSnopul ati on; wherein the beneficial change is a reduced

i ncidence of infection in the predeterm ned period of

time i the s | e popul ation jin coppari.so .

ont r heeatip € haay SE oSt ol R RE ank e fifep is cansed
by at 140R€6:RI atHdaen bRESe b thé Bfdub LbbdigingtIPesidda®nas, Staphylococcus

calculating the tine to first lung infection in the

and Stenpiopkompeiss! ati on of subj ects adm nistered the agent
in conparison to the tinme to first lung infection in
the control sanple popul ation of subjects; wherein the
banef | Bieanetbodagia dlaima’ pherednige gathpag is &seydogtonas aeruginosa,

Lnfection in t anpl [ in conparison to
Smphy{‘ffé’c%ugrﬁlf”feo ’%rﬁn%qoziogg%ﬁ?%?g%%%ﬁ g%he nmet hod of claim 2
wherein the incidence.of infection in the lung of a

subj e i S ed.by an.ipn yitrq..culture of bacteria
&# byCﬁ&aﬂﬁggiﬁ%%ﬁ%dP¥ﬂ%8fﬂ%ﬁ#?%%%?e% di rect ed agai nst
bact eryierei thel€atfieht ¥itbcais al sigrificinbtrdatmeshesfeich t he

time to first infection is a nedian time. 6. The
met hod in any of the above clains

10.  The method of claim 9
wherein the significant treatment effect is determined using a two-tailed

Fisher’s Exact test with alpha = 0.05.

11.  The method defined in any of the above claims

wherein the method evaluates efficacy of the agent in a clinical trial.

12. The method of claim 11

wherein the clinical trial investigates a treatment for cystic fibrosis.

13.  The method defined in any of the above claims

wherein the control sample population is administered a placebo.
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wherein the subjects of the sanple population and the
control population are infants. 7. The nethod as in
wanyoemBif«he above clai ms wherein the [ ung i nfeeCTms2008/002949
caused by at | east one pathogen selected fromthe
group consisting of Pseudononas, Staphyl ococcus and
$tenoThe pletmdrdsny 8f thEtboveeinions wisergin thy wiinfeptedisubiestplack
) the path ?n i.S Pseudonpnas aerugi nosa, Staphyl ococcus
dlseaseé’a?%g@mng’% ap e JPPSPHBRS s nal tophilia. 9. The method
defined in any of the above clains wherein the
treatnent effect is a significant treatnent effect.
10. The method of claim9 wherein the significant
treatnment effect is determned using a two-tailed
Fi sher's Exact test with al pha = 0.05. 11. The net hod
defined in any of the above clains wherein the nethod
eval uates efficacy of the agent in a clinical trial.
12. The method of claim 11 wherein the clinical tria
investigates a treatnment for cystic fibrosis. 13. The
nmet hod defined in any of the above clains wherein the
control sanple population is admnistered a
pl acebo. 14. The nethod of any of the above cl ains
wherein the uni nfected subjects | ack di sease
progressi on before the neasuring step.
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