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Treatment of primary adrenal insufficiency often warrants addition of a

mineralocorticoid.

Thus adequate assessment of patients on glucocorticoid replacement therapy is of
35 great importance to avoid the consequences of under or over treatment, but currently

no simple test or method exists to objectively make such an assessment.
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As mentioned above the standard approach of finding the appropriate dose in

25 replacement treatments is to use the lowest possible maintenance dosage. If the
patient shows clinical symptoms or signs of glucocorticoid deficiency or glucocorticoid
excess, the dosage should be increased or decreased in small steps until a satisfactory
response is observed. Standard therapies include a twice-a-day or thrice-a-day
administration of glucocorticoids such as hydrocortisone or cortisone acetate. Such

30 therapies are not optimal as over or under treatment may result (vide supra). Patient
compliance may be compromised and the natural circadian cortisol rhythm may be
poorly mimicked, all resulting in sub-optimal treatment. Consequently, there is a need
for a more precise tool when administering glucocorticoids which should ideally avoid
over or under treatment, i.e. avoid administering too low doses resuiting in under

35 treatment or administering to high doses and thereby exposing the patient to

unnecessarily high doses of glucocorticoids.
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25 dosage regimen suing the PK nomogram

The inventors of present invention has found that by making a dose individualisation
when administering a composition according to the invention, a markedly improved
treatment regimen is observed, wherein the administration regimen using the
30 composition according to the invention results in a optimal treatment, hence avoiding

under or over exposure of glucocorticoids.

If certain covariates (e.g., age, body weight) are known to affect pharmacokinetics or
pharmakodynamics, these could be used to individualise the dose beforehand, so
called a priori dose adaption. If a dose is derived based on observation of the drug

35 response, this is called a posteriori dose adaption. Dose adjustment based on
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(pharmacokinetic nomogram), which may optionally be combined in the sense that if it
20 is found that administration according to the weight based nomogram results in a less

than optimal clinical response, the pharmacokinetic nomogram can be used.

Weight nomogram
Oral clearance of the glucocorticoid according to present invention is dependent on body
25 weight; therefore, a target dose using a weight nomogram can be used guided by
clinical status and response to therapy. The clinical exposure target of the weight
nomogram is based on an average 24h cortisol exposure in healthy adults. The weight
based nomogram may reduce the risk of patients receiving too high doses of
hydrocortisone. The inventors of present invention have surprisingly found a
30 relationship between oral clearance, the individual predictor for exposure, and body
weight which has formed the basis for the development of the weight nomogram as
seen below (Table 1), where the dose denotes the dose of hydrocortisone or

hydrocortisone equivalent to be administered

35



5 Table 2 Cot, 5150 nM 150< Coil 5250 nM 250< Coil 5350 nM Ccortmi (nM
Dose (ng) Dose (ng) Dose (ng) 2 198 15 10 5 197-161 20 10 5 160-141 25 15

10 140- 185030111430 114-97 PCT/EP2011/002466
6
Table 1
Hydrocortisone Body weight (kg)
Dose (mg)
15 55-59
20 60-69
25 70-79
30 80-84
35 85-89
40 290

It is further envisaged that in subject having a body weight of about 50-54 kg a dose of

5 about 10 mg may be appropriate. Furthermore it is also envisaged that when a subject
has a body weight of about 45-49 kg a dose of about 5 mg may be appropriate or
alternatively a dose of from about 0.5-4 mg may be appropriate. The weight based
nomogram is easily applied by weighing the patient and thereafter administering the
dose as indicated in the weight based nhomogram above. For example, if a subject

10  weighs between 70-79 kg, a dose of 25 mg of hydrocortisone in a composition according

to the invention should be administered. In some instances where the weight based
nomogram may be unsuitable is when the individual clinical response is found to be
insufficient. In these instances it may be suitable to shift to dosages based upon
pharmacokinetic nomogram. Instances where this may occur are e.g. subjects suffering

15  from obesity or pregnant subjects.

Pharmacokinetic nomogram
The between-patient variability in oral clearance is around 23%. This is judged to be a
moderate to high in between patient variability. This means that when all other predictors
20 of variability in exposure have been taken into account (i.e. dose and body weight), there
is still a fairly high variability between patients. This formed the basis for development of
the pharmacokinetic nomogram. A nomogram for dose individualisation based on serum
concentration can be used in patients with inadequate clinical response or in patients
with some residual adrenal function or when lower replacement doses may be needed.
25  The clinical exposure target of the pharmacokinetic nomogram is based on an average
24h cortisol exposure in healthy adults. The difference in serum cortisol concentration
before and 6 hours after post-dosing was found to be the best input into the

pharmacokinetic (PK) nomogram. The PK nomogram is a more precise dosing tool
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. ar .
the PK n@Pddinsiriaiaed betwsepgpatientvarig 'giyd'?)HO'?éWﬁ carance; Le phasmacoliadlics r om t he
subj ect  iddnicardre BelbivaTabld 2) Mdicatedlthd REbmeRBBe®@bncdiaiy ortfi dbyibgedrdni sone or
hydr ocortj sgne gmval nt 1n a conposition according to the invention is
admi ni st dhedetvs sosYRf%®ct . This 20should be the first dose of
hydr ogorti sone or hydrocorti sone equival ent adm ni stered during that
particul ar day. 3. Exactly 6 hours post-dose, a second blood sanple is
w thdrawn fromthe subject. WD 2011/144327PCT/ EP2011/002466 8 4. The serum
cortisol comapmgzation is determned in the two sanples as stated under

points 1 and 3 above by animmunoassay—nethod—5—The difference in serum
cortisol concentration (jCcor F. G6h_-0Qh) t ween 6 hours_ ppest-dose (C6h)
and pre-dose (COh) is de%Ovéggg8MTh£5q<n§qh\ﬁzgﬁQWOQSOEO%OgéSPin&ﬁ dose is
derived based ¢n the derfived Ccort}sol and Coil palues and the| PK nonogram
above. Consequem.)y. (M) [MBser(ingy | he Bdde (agllt he; COlDoskelmgdppr ppri ate dose
to be adm ni st ¢redto—+Hepatient—s—+eadiy—foupd—+n—the—tabte above. For
exanple, if the Ccgptisqgl 10is found to bet ween 197-161 nM and the Coh
is found to be Wit'ﬁ::c’htheint1 rval | of 15§ 51

197-161 20 10 5

160-141 25 15 10

140-115 30 15 10

114-97 35 16 10

<97 40 15 10

10  Ceonisa denotes the cortisol concentration in the blood between 6 hours post-dose (Cgp)
and pre-dose (Cqn) and is thus calculated as the numerical difference in cortisol serum
concentrations in the subject just before the dose is administered and 6 hours after the
administered dose. Two blood samples need to be drawn to derive the dose from the PK
nomogram in order to account for putative pre-dose cortisol levels. Therefore, the

15  procedure for deriving an individual dose based on the PK nomogram is as follows:

1. A blood sample is taken pre-dose from the subject in fasted state
2. An oral test dose of 20 mg of hydrocortisone or hydrocortisone equivalent in
a composition according to the invention is administered to the subject. This
20 should be the first dose of hydrocortisone or hydrocortisone equivalent
administered during that particular day.
3. Exactly 6 hours post-dose, a second blood sample is withdrawn from the

subject.



Cot' 5250 nM a dose of 10 ng of hydrocortisone in a conposition according
to the invention should be adm nistered. The nonbgrans according to the

i nvent i onwenreillimurnded to be used in the dosage 15regi mpos/EP30NG0id6e
conposition as disclosed herein with the specified rel ease pattern between
the i mmedi ate rel ease and extended rel ease. However, the dosage regi nen

accordi ng tgq the THaWRAIHh ebrtisd icBBcdntatifviRRBtcRedsn thewb 85mPlcb@E8tdteday al so
be used with simlar glucocorticoid conpositions having simlar rel ease

C
patterns of gl{¥EERYREIANS 2ROVERY@ANJLENNABSSEY MeRF- Moni t ori ng of serum

cortisol issboth EhelmsFercRTEBEruRt coHistl cendenfation (80s.L1Cd ty eakeae®dynani c
response since hydrocortlﬁgqe repl ace eraBy directly replaces the
6h

t ot
defi ci ent hor nRSYES RR[HEPERH Con) RO PR AOSE Krondis EFPEFs0l sanpl i ng shoul d be a
nore &Cccurape andrilifdiviggalbPedmpSsitionid’e fiddrRedBasedsdr thadeovtd GRL €
25phar makoki nteics in therapeuytic dru nitoring replaces nonitoring of a
bi omarker or 22 ¢oivalyes 6&‘}3?@"8% NPRCYAA 49%¥%, a phar macoki neti ¢ nonbgram
based on serumcortisol determination is of special need in patients with
secondary_adrenal insufficienc Thi s patjent popul ation ipcludes a higher
proporti ogo’ﬁﬁqb%ﬁ”iyet?%@e%ﬁ‘{"ﬁgg%@mwseﬁﬁpﬁ"%@he SG‘BEWBU%te@B?? Fost%ﬁ production
anddt gezzédﬁﬁiﬂis?réq tbargeo gﬁjﬁeﬁﬁi;tré%diwwc&ﬁldulﬁlth%?_db@(ébbﬁe.%r diam?@eftnay:_a;;aggt b;a |
neede \gha e , macoki petic n ram. woul. r ovi a too
Co 140 oriSfoundite be betuean 19796 hhaRd ﬁ}’?eewﬂa‘&i%%ﬂ@ %‘g{’%’\gwﬂel @\fgl1%§6ul d be
account edc, as0 VG dlfosa et i| M thgt dieyBRTbrtidoaE incDEsHBpdSitiini 22Bordingto ahedr e- dose
concentrati on, anﬁ HE‘FH concentration difference nay be used as input to the
phar mac okMMtPR SHY gFé’Hﬂ"ﬂs‘SF%r to derive the individual dose. Due to the
| ack of a 35bi omarker for the clinical end-points conbined with corti sol

phar macokpnetics being WO 2011/144327PCT/ EP2011/ 002466. 9 associ ated to the
Phar makoa M Teara TR @ e Reda e B RO oA N OE AR B PG5 o

cort i1]§50I h@gmmrtsir@qué mhgﬁéitidro%slt bi@blo@élﬁlgérwﬁdmimfr\é%ﬁéctiﬁad r‘é}(cﬂaséfpe&ém. The
use of these no rans,.i s suitable in jects an of 11 years or
more. 5 LRRMWRR MeIERISIAte FRISE AT R TRESSS BIRIEN™ T &9 RgF TdIPen | ness
there shoadcdrdigy i thd irventiceNassy B roitgrarik adtiisdesed beremgnayg dise badiseaal
insufficie cg_. I n such situati ons, ogal. adm'.%i seir at i on of I];lydrocorti sone
nust be r\@{'}l’ il glrearopicrid fomrositiops VR SMYREElsASeRANELS €Ti n dose i s

i mredi at eflMcdcRftitbideGs diddReeemersiml adm nistration of hydrocortisone is
warranted during transient illness episodes such as infections, in

parti<ul ar gastroenteritis, high fever of any aetiol ogy or extensive
physi cal Ribrigsing of sefinbcorisdl Both antkedsugameital dagaaebiisiaad of thesi t uat i ons

when parenteral adm nistration of hydrocortisgne is not requifred, such as
15 1 ow gr BRRETEReOEAMUTeSpase e PoRIPar SeRPamant Hisrany el

pr ocedur efepidchs tHedefiBlenOiidtinohe gbaisems sucio Serumisbrtibel sanpliegstestid bapor ari | y;
t he daily dose of Pl enadrenr@gould beegciven twi.ce.or thrice daily with 8 2

hours i nt BPERcCUrate aRd Piesise o a8 oPaRrey 10 RAYSSTURIYBIMS' over, patients
can rz urphdrmakélantsies medherapeticoRGRoriRsIAg Gdplddes Mactitering oZDBibmadarioy t ot al

dose of hgd@no%grt' sone, i n Ei ) Aﬂdi son's di sease ti eat s is a i nt enance
dose t hat @ CUGR PUEATE IR AfigioR @ Rharmacokinglic ampgra ef 88 S5y 5885 eeded
for the paétemnihation i opspasidl heed it patigfsWitheseedhdsy abirenal insuffdencyf Thier and
ot her i nterg:urrentI jl I.rgcisie siﬁ.ugti ons |[.S vfer%. i{gdi%i[ dual and .based on the
exper i enclENt peRulaliop;ingiyaes;anighel| RrOPYHPRYRPPTNS YAt oG YA si ci an.
Dosi ng r esfyogensas ¢ovtisol produdiresrithprefere sirhies doddstotthiedd inmadisdhes dur i ng
hnt eré:our ' girslttaas!el 412)? ﬁgt’bedn%sé%gg (,&ﬁ%l gte a?.SZO%]Zl).q\obj}?alr}nggolziﬁtﬁic nomogram would

provide a tool to tailor the individual dose since the endogenous cortisol level could be

accounted for by subtracting the post-dose concentration from a pre-dose

concentration and the concentration difference may be used as input to the

pharmacokinetic nomogram in order to derive the individual dose. Due to the lack of a

35 biomarker for the clinical end-points combined with cortisol pharmacokinetics being



mai nt enance dose fromonce daily to twice daily may be warranted. It would
be useful to investigate additional dosing reginmens with different dosing

i nt erval swbasittia¢s23econd dose as well as tripling the deSEEPINI1H0246@| d be

i npossi ble to study without inclusion gf a |arge number of patients which
woul d be practically difficult due to the limted nunber 30of diseased

paéI [ enéI S :T%@dcugt@e td bR %@rmbyodyﬁammsgtvgrclim‘cilitaﬁgermutﬁeerﬁﬁm@gtemFSho@d be '

i ndi vi dua year ite et .a : r tric simulations cou

t her ef oré"fﬁ"g lgaPosy ?‘F‘BY%\?””?\*Q#H&?‘%%‘?A%&@%EWY Ulgef§est i ntercurrent
illness reg| mens. Mor eover previ ous reconmrendati ons have assuned t hat
doubl i ng the dose will |ead t?b??g.ubl él%g of corti Tsﬂ osure therefore
not takin el‘f‘?f':'c?f ESGHWOPW@%BFIU'? 9SUBIEHis 9493 2PS B Y";?r 9dr8or ti sone
during higher oral doses. WD 2011/144327PCT/ EP2011/002466 10 The i nventors
have found that, si rrul@tl ons ﬁ’ intercurrent illness regi nens shows that

gi ving an SEAA IS GHEP Y G eSS hour s after the first morning dose resulted
: n sli ghtﬂ)l)hnigl@b&ijrrgletalheeeﬂmﬁmcﬁ?]d Be‘lﬁigﬁQWg'téies§Bﬁﬁédsldeﬁdbvbbblngtdclﬁﬂe f?i rly
ow concen |on uri the night (Fig., 8a-c). i S reginmen is erefore
F ecomendiib ofeaR. df stetcafbaBiis,oral Aumbrstgtian of WP AR HRLbE T on

G ving th@gac@wwlw p_d@ﬁ@alﬁfeahydﬁtmratri |?@assé in das@Bnmﬂfbldtaté)Vlrém@lFed di ng ]EO
pres [ W t ouyrs intervals res urmul atipn after
Phe i - PaiEmpy b isbatr i osStRer s s ians febreddnes: edredEo

| evel s dLEnJcﬁgsﬁrﬂectiahghrt pasicuied dasfrbeteritidhigh Tdves of sy ativlogp ot daerehiver e
recomrend i ous condi,tions Incr%Em ng the oral dose but

keepi ng t S'8%'Csé'eﬁ)(§é{$h §° ﬁlﬂ'ﬁFWlué‘ij%@?Q%alraéﬁﬁ B'%oes not provide sufficient

cortisol coverage in intercurrent illness conditions (Fi g 8e) The

| at f t ti
T conpBSINAUBRE BAE PHEN B AP TUTSTR S PR s sPBe 1 L VRS ATE BB ES) evel s as
wel | 1% n(:lewtgi‘aﬂeaﬁf@tjﬂiﬂﬁ aatveoaf afy(hdtubnsgybonmcﬁadsgncsﬂ ﬁtoeeduﬂ'eﬁrthy ndemppcnt  on

theterm’n half ife eln nd 15 nseguen durin
b nt o caRpereTtdons Fuel b ettt Frest iy dne Snbons obPBRaaHa Shrda o "
devel opi rmvactuﬁoe cﬁdﬁr&ﬁablly Withu 8 i Z:tncﬂ.mstywter#iilglﬁmrtleé\trﬁrcdmslneés episode

gl ucocort.i coi ds ,ma rran rEJI’I ng ,acut adr nal insufficiency
par ont er 4 S PRIeGIS A BTb P G B GRA FiArCRRSF 4T BT { oget her wi th
sal i ne | nfusion, nay be gi ven with or 20w t hout sinultaneous adm nistration
of h rtison i on accor the invention. Durin

t rané ent ﬁ’%‘éé@gg&fﬁé)ﬁg roF?# TS 8:F:9 M?ggn&fd'%ﬁ?ﬁea%'ﬂ? PER or ext gnsi ve
physi cal mhmmnwddsseaaa&umgeemughrmrm@plsaeeefelrﬁvedosrae mt:ubelo'séloeemed

h
LOTPOLY" | ot the vRleRtS BpPS S FRRFHCLbal ytn ¥ srisSEren Fy Unel B e T 5

e
e.g. at likesk sﬁ%tms(wvémim;vumatbndibasecgon the elxﬁerﬁncafmf the matienwrimitialuch as
e.g. at Iea as e.qg. at least such as
o o ot 198 tionidregnd g Hoshg rEedmBpeqtERS remechs Y FgbEe Such as
e.g. st ImatjorﬁOfﬁgu@dum@netercsmht idisess, dosagle regiaehs bbdoukding ither e, such as
e.g. 30at st 60 re, .such as
o o ot ehonge freeil Bngs, ¢ANIE iRg Sall mak pe SR R vHdBE Gntfl ae o4

at | east tBOnmsngataadat:ormldbsuag regugenatmtlh diffeter® dogjing intervale forstbe: be@shde. g at
cost 100 & vl a0 ol EBEImAGa BB sl tertst
2011/ 1443&%@vﬁ&ﬁ’ﬂé}ﬂb8ﬁkﬁ4ﬁﬁhkﬂm would be practically difficult due to the limited number
30 of diseased patients and due the fairly low number of intercurrent events per individual

and year (White et al 2010). Pharmacometric simulations could therefore provide

additional information needed to suggest intercurrent illness regimens. Moreover,

previous recommendations have assumed that doubling of the dose will lead to

doubling of cortisol exposure therefore not taking into account the non-linear

35 bioavailability hydrocortisone during higher oral doses.



Use in replacenent therapies for chronic adrenocortical insufficiency The
onset of adrenocortical insufficiency may vary frominsidious to an acute
l'i fe-thresiOenimigs®Riit uation with severe salt and wat er d@CIr&EPRQ11kd466 | eads
to shock and death if not treated adeagyptely. Frequently reported synptons
associated wth nore 5insidious adrenocortical insufficiency are asthenia,
weakness, THeahViatorg haeasgunﬂahattsjurgalbhéristqf inteuMOnSINESS regimiehs shows that apat hy,

di zzi ness,. .headagh or ex nausea,. v |ng, and
i a1 r hoeddiAS AR agpondlypanp RS A e Tl oS SensiFodfi n Fidb 1585,
inter al nagmlsemak bersceatvatibrisi fonthelseaschdgodetba dtilefaily |o\msuﬁcfen®raamsydtam@ is
her eby | eference. Three general f renocorti cal

10i nsuf f| R;gya:td%gaab‘é t"%&%‘%”ﬁsafs %ﬂ%?se%od?@ﬁ%i%&gf Tﬁ cﬂgﬁ?lfl ciency is
usual Isy rc&:fnelitlbﬁsi dq, law-ghddi BﬁdtlSndG&egSBreeldany bogesobfsuqdmebmsbdmemeadr enal
cortex is_affe he .func hor none syst ens

t ed negni ng that n of .the thre
pr oduced i g Addi son' s
oRoR iR e Tanacg PledR™ Vi e i Nk ed T

di sease i&cuinatatibonfed the tHifd dzinlem!bs@badpartedodﬂtr&miacsﬂd:aed imMth elvatear ti sol ,

adrenal andro nd ner.al.ocorti coi dost eran 15 Secondary or

central aHFER g@ If%&fﬁrl‘gn]hr?s"lﬁ ta&"\é%'c(%'q ga%ﬁﬁﬁﬂﬁg'&?ﬂéﬁﬁ?‘*ﬁﬁf ®®umours in the

hypot hal aﬁnmmehded mrryorarseaousTdsmdpubohllmrem thberdl degd bmrkteemn@meimoat i ons
wever, simlar to thqgse in

of S€ ond uc rticoid deficienc

at § el s SHY AIRRaRG teiPhin.FSte i A Frieh PSSP ot imieprod: ency i s
pr obabl y ilifess rasosdutumrmgnsaaﬁls@snfulajloue@Cmtetrcutrcnmlmdeés waenzye with 30smg@ resul t
of long t ose uco ortl th reat ment in
pat | ent's SurokroRatRat e riies o HeednibhRRY Al vl Pl he Pl Yt caces. and
in the trlew&lmmWetbtmvatheoats:unmlatlgnaamd|tmz towlteatly stats it dridy dependentsarpipeessi on
of 25endo enou ipn adr.enal ucocorticoids. Tertiary adrenal

i nsuffici W&'{)almﬁ E"°$HSO§QS§"P8W‘W§83L to a year. In nost cases of primary

and skcondary adrenal i nsuffl ciency replacenent therapy with
gl ucocorticoids i.s rﬁ% tre(fl ucacorticaid

t
Pep! acensimeeiaiif, Ragh ehinehtnp et Here Auddhih Akt BECH hE RSt ol ¢
respond tdeveloping muteaﬁimatmsnfﬁaemcmekgﬂ\ phnentaigjopdag/sﬁ ghaadocantudmps pnalp dthewg i cal
stinuli ?d bt %rﬂ(gporma A II-b(gingff met abol % H OtFFq t ecm out cone.
Bot h dur i gV @R ghESH ARG S AT ¢ IR SUiGiasy PeeRRIABS UFPREY to nul ai se,
post ur al Hry,dpm:doetrssnem huglmdoseseﬁqgem with satimeeimfuséomd rrmlyebetg1\£dnwlm ol st ur bances
and en a utg i 5tena| Crjsi. 4 t W | dho& an a OODl’l at e r%&qatcement
35dose of 8!%’ SNty R PSaten I PYecaTson BRSPS SR PEEXTEDS nd
reduced ftha&dvehtiorght potential that are associated with gl ucocorticoid
excess. In adults, excessive WD 2011/144327PCT/ EP2011/002466 12
gl ucocorticoid replacenent may i nduce gl ucose intol erance, abdom nal
obesity, Dypeg tremmérumlnepsestsajch asahfabtnﬂri Qeneanﬁanyge&uopgyosbstenﬁwor di ngI Y,
the i nvention ne %I ueocq rtoc Ltions

5gl ucocor Pl hi&isels {’%ﬁl Sehie P’%el%r %Femc?r?] ﬁ?ss?t’Pﬁ’( %H‘CéeaCSSF’é‘?’H%°’Pd'ya

nono@5am sidteas increased by e.g. at least 5mg or more, such as e.g. at least 10 mg or more,

such as e.g. at least 15 mg or more, such as e.g. at least 20 mg or more, such as e.g.
at least 25 mg or more, such as e.g. at least 30 mg or more, such as e.g. at least 35
mg or more, such as e.g. at least 40 mg or more, such as e.g. at least 45 mg or more,
such as e.g. at least 50mg or more, such as e.g. at least 55mg or more, such as e.qg.

30 at least 60mg or more, such as e.g. at least 65mg or more, such as e.g. at least70mg
or more, such as e.g. at least 75mg or more, such as e.g. at least 80mg or more, such
as e.g. at least 90mg or more, such as e.g. at least 100mg or more, such as e.g. at
least 150mg or more, such as e.g. at least 200mg or more, such as e.g. at least
300mg or more.

35



gl ucocorticoid deficiency may thus be due to chronic illness or it may be
due to any tenporary condition such as e.g. injury or surgery which nmay
result irwaroivmaizred ability to up-hold a circadi an pl RSFEPC@N®EIGE at i on
profile of cortisol of a healthy subjegt. In any such instance the
conpositions for use according to the invention is 10i ntended. The
inv?anti OWJiéJﬁvtr:Bﬁécé?ﬁ@bkmaﬁﬁﬂ&irhﬁd)nﬂfadr?@c_&ioi'm@l mssmgpe@x in Eee_d of a
repl acenepnt ther in which the conpositions accqrding to t i nvention
re aam nis enebosRapRe B ARG RaR AT Jom S geLR B b Ar i frebased. o
PK- based. thidatdriind $iuatidrowitie selep@shly anddates defick, whizh |eleizaodhogk ad ddath
clinical ?ituation, t he &SFO os'tiona $ccordin to thg HBvention may be
r (5§ E\ &

suppl enert &} Usptedadeqpate SR EPSHET SRS FESQFiglE f%Coids e. g
suppl erenhgdious breadeoridas insafficiency Arecastitsnie Mdakneds, lefhiargpnreasg &n et bal et or
parenteral ly. adm nistering.an.injectiaon of hydrocortisone. This. may be such
as e.qg. &ﬂ%@g’da?'i\’?“%}es@.'8'.t§{'lm"iAcpéﬁyaglzfnﬁs'é?a&a%et YRS a19X8r e . g. 5
times daiwsightloss, Bauseal Vomisingaardydiarriogas Aaksent revidie byadeeisdl.qodnddiat t he
time 20in b dmi ni st ered doses..may, be. variable.. The .tinme

i or val | GE0EE. TRy R R et BRoLRR epdngdt R AL B abour
2 hour s agndeherebyidorpsated @y reflemstice 3SThred igenenal typeeof adietvcastical g. about 4
hours, or nore, such as ge.qg. ut 5 hours or more. such. _as . .abqut 6
nour 9% eEdedtyinge dsindih Binad adHpSoctcaprimealithis JRudvdereigiu: o
hours or teRisAddionl’ discage dn thaibdisorderhibe ragiremal cartes, is affiedledimeanigg tikdiout 2510
hours or

re, .such as_e.q. about 11 hours or. npre, such as.e. q..about 12
hours or tﬁlﬁ)rﬂ@.d'?'ﬁa&ffsiwgﬁgpwwe %ya?i?{n%[’rl‘?gf’?ec{'ﬂgﬁ? ?Wf?n?lnctog%éﬁ'"%&rﬁg’en any
consecut i Tite eshseqietce af AddisomByiseage istherefor? insafficenbprodoetion such as e. g.
about 3 hours or. nore, .sych as e.q. about 4 hours ar . uch .as e.g.
about 5 N LCEtofs GoriSe]Airaal gngioggs apd AiniigiegodoiiplAldoinas o g
about1s7 hours or nore, such as e.g. about 8 hours 30or nore, such as e.g.
about 9 hgQurs or nore, .S such,as e.g.

ch as.e.qg. out 10 hours or e
Sbout 11 Peest o ashtel S B5u e s Mt B faulbe BT TR, o,
t he t ot al hyatHayaniopituitdry gheac Dhe ptobderh asd ducioeatmegt ¢camsideeationyehit i on are e. g.
about 1 or .about 5 .or,_about 10 or abaut .1 . or_.about.. 20 nmg or
Sbout 25 SReOHES spRRrEbid Bty AR M n SR I BarT B HET S thout 60 g
or about piinamy sdrerabfailire80 nmg or about 90 ng or about 100 ng or about 150
nmg or,about 200 ng. WO 2011/144327PCT/ EP2011/ 002466 13 Morevover, it is to

be cl%ar| y understood that a glucocorticoid in a conposition according to
t he i nvenTéiaryraiyerizeinadifitishst ie (pesbabty the taush coramoarcaate df Jldacericodoses so as

to make up the tqfal final dose of, . cocorticoid. be admi ni red. For

exanpl e, &Fﬁc?gc&gélgadgsggofrl@goprrai Wg%%??9'88?%@08"{@3{?@3/5&%R-ﬁrg‘%fgred, t wo

conposi t i pestmeatipipateéntg with pYinadnanh disghsespaatdinmuelamhidflanmatooyrpiseaseson

conpri sing 20 of, gl ucocarticoid is.admnjstered.. Definiti.ons,10 The term

" st andar dgrﬂcﬁ'grtg%yeatggnﬁgeV(T”PHS F}?hg’b%“&éeénw "@bﬁ?séy(t? " E‘WPB&?&%@”?’B denote a
25 endogenous secretion of adrenal glucocorticoids. Tertiary adrenal insufficiency may

last from a few weeks to a year.

In most cases of primary and secondary adrenal insufficiency replacement therapy with
glucocorticoids is a life long treatment. The aim of glucocorticoid replacement therapy
30 is to mimic the circadian serum cortisol profile, respond to the increased cortisol need
during physical and psychological stimuli and obtain normal well-being, metabolism
and long-term outcome. Both during childhood and adulthood, under-treatment can
lead to malaise, postural hypotension, poor response to stress and electrolyte |
disturbances and even acute adrenal crisis. In childhood, an appropriate replacement
35 dose of glucocorticoids is crucial to avoid growth suppression and reduced final height

potential that are associated with glucocorticoid excess. In adults, excessive



therapy involving oral adm nistration three tines daily of a
gl ucocorticoi d-contai ni ng conposition, wherein the conposition is a

convent i owel2oiaklmt conposition with imedi ate rel ease @UTIEPR011/002466
gl ucocorticoid. Accordingly, the termysstandard therapy" does 15not include
treatment with e.g. a controlled rel ease conposition or treatnent with e.g.

a conmbi ngficdBorlitoid réfadentert athylifd RR_RUCRETNSIEFINES, A5tdnafalobBEIE Byfers el ease
conposition. Wth hydrocorti sone as an exanpl e, standard therapy is

sui t abl e BN PEPBINICAIROPIRIN 88 P_ERPPeFiSzer ), Hydrocorton @ ( Merck),
Hydrocorti sone (generic e.g. MsSD, Nyconed, Teva, Auden MKenzie). 20 The
term"glucocorticoid nmeans any steroid or steroid anal gg the can bind and
activate &qeefdg’r% &&'PV‘F’HBMG'PéééB@ oFJtasoldhasEg I‘EOV‘PQS'QngOJf]H ESSRd

non- ggnorgiscoRartibyia Yeplddundrit tiBrapy Beadhmedatiorc ddordifg tdh AbMEgrahn THEan a
class of steroid horﬁrgnes 25char g)cteri sed b}/ their simlar

a . Ity to
al dost er OSAZicRiA defcienty mantws b dug)te chrericliness opimayhe é‘t%lﬁor‘?d’ypri marily
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pa ern o cortil so an nore specirtically.rep ace thne a I e orti so
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pl asma concentration throughout the day and with | ow nighttine plasm
cortisol concentration. Accordi %I 5the term"” Its ordinary
d ?%q%)enl

meani ng t'histhysstorhs qleariyderstaq BBEQB}??TQEPECQ g‘itr%“ga,sta? i nper sonat e,
but ngt rpposibes 8¥Redihy tdthe PiveRtice ay bSetippleR@ntdteoydaditiseiing above. The
;ﬁ; imn gotn ﬁédﬂ%h!ﬁ\ydosrerg %P gluggc%hio%gms rg.gs g&p%ﬁén?enntég \%ﬁﬁ aglm?r%s?tra?igln%f 8 ne tine
conventional hyrocortison etbalet or parenterally administering an injection of
hydrocortisone. This may be such as e.g. twice daily or e.g. thrice daily or e.g. 4 times
daily or e.g. 5 times daily or e.g. 6 times daily. It is also to be understood that the time
20 interval between administered doses may be variable. The time interval between the
first administration and the second may be e.g. about 2 hours or more, such as e.g.
about 3 hours or more, such as e.g. about 4 hours or more, such as e.g. about 5 hours
or more, such as e.g. about 6 hours or more, such as e.g. about 7 hours or more, such
as e.g. about 8 hours or more, such as e.g. about 9 hours or more, such as e.g. about
25 10 hours or more, such as e.g. about 11 hours or more, such as e.g. about 12 hours or
more. Independently of each other, the time interval between any consecutive
administrations may e.g. about 2 hours or more, such as e.g. about 3 hours or more,
such as e.g. about 4 hours or more, such as e.g. about 5 hours or more, such as e.g.
about 6 hours or more, such as e.g. about 7 hours or more, such as e.g. about 8 hours
30 or more, such as e.g. about 9 hours or more, such as e.g. about 10 hours or more,

such as e.g. about 11 hours or more, such as e.g. about 12 hours or more.

Furthermore, the total daily dose of glucocorticoids according to the invention are e.g.

about 1 mg or about 5 mg or about 10 mg or about 15 mg or about 20 mg or about 25
35 mg or about 30 mg or about 40 mg or about 50 mg or about 60 mg or about 70 mg or

about 80 mg or about 90 mg or about 100 mg or about 150 mg or about 200 mg.



10 day. The administration may include nore than one conposition and nore
than one adm nistration route. Preferably, the one or nore oral dosage
fornms ar ewadnimissizer ed (such as one or nore single-unit pcalHred11/002466
formulation). The daily adm nistratiomygdinme is preferably at the sanme tine
of the day (wthin 0.5 - 1.5 hours variation). 15The term "subject" neans a
manmmal i an subj ect i ncludi ng dogs, cats and horses. Preferred subj ects are
humans. The term "subj ec I?@VYlth |nsuffLC| ent adren acit%' i s intended
to mean VRGPSt F‘H%lbe& rly gngersiaoddhat %?ﬁ?BFt&P@ ig@ Hboé?s PPcondition is

unabl e t CaRBERELIOANS |n)0erﬁtfdhdﬁ§¢b8@dﬂd1r$t§reh@s(b EortbinAtai dldifferét MBses so
concentration profile of co[trsol found.in a Bea tg¥ subj The term

D mredi ac%s Panep the otafel dess ot aliipeoricad do Pa SHEINSISER. EEXPER. & or y

term fsor £a68eestt30ang bf glassoRaiol igto bé aamrrﬁétéreBStWonrm;roeguhgt:@rwnérﬁg g for
all rel ease- &ntrol ed 25o0r rel ease-npndified tabéﬁts is "nodifi ad rel ease".

In those 'RgSEthegiogorticeid and 096 coMPeSTing GemMBUsinR &% MO |AHCOCOMRRIE IS ar e

convent i osuhinistdpé®t S Wi t hout any rel ease-nodfying characteristics and
t hose, which may have enhanced rel ease characteristic, the conventional
tabl ets are_ w.t hout enhanced, controll ed or nodifi ed rel ease
char acter ‘%f{’]’(f’é’s 30 The term "cortisone" includes corti sone acetate" The
t er m *9Co ten mean th rtisol ser centratl in a
bl bot . TR TR fhaty ag UsBa il Do, RS AIRORH (S BHIBE L o, v
2011/ 144&23%?ﬁr§8%@dr@%@6r3&5tr&hﬁrée€ﬂims &Bly-of agltﬁcobamedjid%dntamrrﬁgean t he
observed corti sol serum 8oncentr€t| on é l\%'L %subbect 6 p}durs after
recei vi ngtUERSRY: UFWEB‘(} F CPTBES! NvepidnaLBpiEt SR hvent i on.
gThe ter (r%nhn%dté,r@@ése df2hé ngeddfmbM dde) mmuﬁgr;ema fbfrﬁl“ﬁaﬁdard fhelrinsy” \d@bSleS_
et ween an ive e rm"clin Xposu r is
ot oring 56 i teamaaini S 8, Fomiroles Fie s ComsReion 5 FBauien MR SH & age
V\l\/lﬁr e stri diﬁgﬁtb;\hét}bntdﬁ lacohBoléefreragde 3smpbkiliar gef arrimmédidterreleaskoseYTV(CL/ F) ,
erein the

i the clinical osyre,t et and Fr is. the nodel
Bt o ct ecPTRISROPCT BN STEPEEEIT B350 eXSTRR g 4410 4 SreRaa A TS SRERF near
rel at i onshitushgtoReM® gefer)agddiocortdf Ol Me)cki) Hydiscomixdak (gerediceted$Hpi cal
oral clearance jncl u%g t'\&e&eco.vgri ate rel ationships. 15The term "test
dose" is }ﬁ‘EOQFf’dJe Y% A AbFét according to the invention containing 20
ng irpgotal of hydrocorti sone. Under the heading "Pharnmaceuti cal

t t i th t, t t that h
Che. desi r DBF SrBp@iereaLiinic FoeBe daL Sr AT AERD RGPPSOt PR B ACHRYR b of

cortisol wbtghicoastiitdld $édeptar ®dBth tAchghetssgehsma:m nam-gérenfic pataway.cont ext, the
term "glucocorticoid"' or "glucocorticosteroid" is intended to denote a

t herapeutically, prophylactically and/or diagnostically active

gl ucocor t Tk®tedmOmineralocorticoid’ is intended to mean a class of steroid hormones

25  characterised by their similarity to aldosterone and their influence on salt and water

balance acting primarily through the mineralocorticoid receptor.

The term “circadian plasma concentration of cortisol” means that the cortisol
concentration during day and night follows that of a healthy subject measured using an

30 immunoassay in either serum or plasma.

Clock time Plasma concentration of cortisol
6 —-6.30 am >200 nmol/L

6 am—-10 am ‘ 200 - 500 nmol/L

6 pm—-12 pm 50 — 200 nmol/L

0am-6am < 50 nmol/L




25a gl ucocorticoid that has physiologic effect. The termis intended to

i nclude the glucocorticoid in any suitable formsuch as e.g. a

phar mmcewocalllpmarecept abl e salt, conpl ex, solvate, est @CI/ERCt110e2466

met abolites or prodrug thereof of in apy physical formsuch as, e.g., in
the formof crystals, anorphous or a pol ynorphous formor, if relevant, in
any st er eHestef® 'minditsNnhdtls Wisktnige amifmaaguhmﬁinﬂc@meroaem@sé@émn or a

conbi nati on 300f any. of,the aboye orticoid be a, synthetic
D e oo 1AlsTES! cPAmbLAE e SReVc Iy gRe TEatms sy ot Siora Gl mnc £ | on
accor di ngnémuﬁg%sdiwecsﬁdeamatioms&&dh@d\mgl rédum;rﬁ hﬂhgrpwsmacwm&emtamg of

hydrocortjsone, cortison edni sal on r one redni sone,
(7§ anrei nhgianow i s AawElonBo e st el 805 pai Rl uBeSreinay
f2 l)ud ; aC ogthe wcﬁ m.d%uée?augwlggm‘amesma@ freat isctorreseisle, am:argaet, @pprovihate,

11/ 144 PCT/ EP2011 4 16 .deo cortlcostero st rone and
becl oot dSWHECT FBEIRITAL: BHARHEGE PR Sotegra e are Me dRedrreh ang
conpl exesadoker eof . As nmentioned above, it is inportant to achieve a plasm
cortisol concentration-tine 5profile that mmcs that of a healthy subject.
Accordingly, the one or nore glucocorticoids may be presented in a suitable
delivery Bystepm mf'daﬁﬁ rﬁeéi&&&@l%drﬂhi@traﬂ}d)ﬂemplac@oﬂabhe(tifriercﬂ.tringéwié) of the
gl ucog}ort colrg mg t%e rel easec?5 ({?romt e del |ver¥ é stem f ast er than
anot pafr & adminietialpy nay ndyafaroteNan QBF 8ORPPY TREANERB? t he
gl ucocortaMh@gauibrtrbetepPaaérabMmleatnertgfnﬁaﬁtom dbsa@fopas tje édﬁhlh?méﬁ by 3 )
mai nt enance ,10dose (extend of the e.first and the
Second pdstctias SBsopTEieciatenf R Frlinaeg ) 1 Sy RSO el e
f or mul at i greferatiyatthp sameikecofftios Gy atiihim0.5t-heg haus airiat@nt ed in t he sane
formul ation, notably a single-unit fornulation. Mreover, if they are
presented in separate fornulations, the first and second fornul ati on may be
desi g|r$ed The tb&nadjﬂjéﬂtsﬁ%m Myniniedian aubjeor includihg degs, chiscahd lursdd. at i on
route. ts,are discussed further bel ow The one or nore

gl ucocortl 8%@9 ISCFAF NPLENENd t he second part may be the sane
glucocorticoid or a mxture of the same gl ucocortl coids. Normally, this is

the case gs jt i,s .ea urin of .view in cases
wher o bot T felm Syttt i e g BdeRe e Ronbheel 1t s hubiageBa o
form (e. gdud toehfdnicssr tamfomerdiseageadricoadition (sdrablectd aridogericﬁlblyqiro@.nﬂ t he
first part coati ng ,or. as core

vi ded as ar at n
cont % 4 Pl aiiaeral pRs ARt iR Prehi 8 BBl auhtFte PRefy Tt and
second pamnmaxe not part of the sane dosage form(e.g. the first part is an
effervescent tablet and the second part is in the formof an extended
rel ease tablet) or in those cases 25where an inproved therapeutic result is
expect ed eeterrdi'iniresdiste rgbassd dogénaalydsedrie aecrqndjanced/vitrtthe r@g\ﬂatony tamn e
glucocort coi ds he first th cond part ar ffere
o1 icocor tPESTEnfinal, einert s o b PReT B o e for Bl S sRapwated | oo
part 25 tdraelpbse-oralified tablets iss‘modifesicetabel In thoeelcades whadre aiistinglieh isel ease
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t he corrpo’??é?é fwegn & Wﬁi@?'@? gr(? ccﬂné{Fnt{?naE%b%Lfc‘ﬁh&oé’gggy "HleRsed e d¥lSr t i coi d
of choi cecHapdictéringics ian@thope,rvt/hucfamaymtavé)enlhaﬁbedwleasesctMatﬁta&usumh) or

h Ho
hese suneruREeriaeR SEimiByCeMRa convaieaict sNelfieBreledie °t act e mmsii ng

i S obt ai negthradtéristibe par agraph relating to "Pharmaceutically acceptable
35excjpi ents” taste-masking is discussed in nore detail. Accordingly, the
one nor e

The term “cortisone” includes “cortisone acetate”

The term “Cyy” is intended to mean the cortisol serum concentration in a subject
observed just prior to receiving a glucocorticoid composition.
35



WO 2011/ 144327PCT/ EP2011/ 002466 17 gl ucocorticoids of the first part may
have an acceptable taste, may be tasteless or may be effectively

t ast e- masweao11A4aszpl es of the one or nore gl ucocorti coi #sT@EP24th@oI466 St part
(as discussed above) are 5synthetic glcocorticoids such as, e.g.,
hydrocorti sone 21-succinate, prednisol one, prednisone, nethyl predni sone,

triantci nathertesm Gy, aishiteadeate méei theebbersed Sortisishsarupt borsaeneation (|n nM)
fl udrocorti sog ?Hdeso | de, fl utlf(gson cort |qsione acet a
ieht

becl onet 4387 AR GBHEPANIE R FE RO aReRTR? B‘P’Bp%%tt%}ascc"@ﬁ@t%d

conpl exednddmtioeof . An especially suitable exanple is hydrocortisone or

hydr ocorti sone 21- 10succinate or a pharmaceutically acceptable salt
thereof. Wth respect to the second part, any of the above-nentioned

gl ucosor tTheaes “CBY.. bie irtepdealtetnedrntha diffeesrickiic thentahubsrtmnvedry G5.a0drdy, sone i s
preferred. 15 Pharnmaceutical conpositions The present invention provides
such gl uEY'P ¥ d- cont ai ni ng phar maceuti cal conpositions and kits that
are designed to release a first part of the glucocorticoid relatively fast

in order 1o .enable. action and.to rel ease d part of
he gl uoolBHEre iitiont P BRe WS TRREE S EHER Y megh dist he G0 A SRBRDI onged and
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at | east about 8 hours. Due to different potencies of the

gl ucocorticoids, the term "hydrocortisone equival ents" 30dose exposure has
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Active substance
In the present context, the term "glucocorticoid" or “glucocorticosteroid” is intended to
denote a therapeutically, prophylactically and/or diagnostically active glucocorticoid or
25  aglucocorticoid that has physiologic effect. The term is intended to include the
glucocorticoid in any suitable form such as e.g. a pharmaceutically acceptable salt,
complex, solvate, ester, active metabolites or prodrug thereof of in any physical form
such as, e.g., in the form of crystals, amorphous or a polymorphous form or, if relevant,
in any stereoisomer form including any enantiomeric or racemic form, or a combination

30 of any of the above. The glucocorticoid may be a synthetic glucocorticoid.

The one or more glucocorticoids contained in a composition according to the invention
is selected from the group consisting of hydrocortisone, cortisone, prednisolone,
prednisone, methylprednisone, triamcinolone, paramethasone, betamethasone,

35 dexamethasone, fludrocortisone, budesonide, fluticasone, cortisone acetate,



Hydrocortisone equivalent (1 ng of the glucocorticoid corresponds to the

listed anmount in ng of hydrocortisone) Cortisone acetate 25 0.8

Hydr ocor tweaene/R@21 Predni sol one 5 4 Predni sone 5 4 Met rgirmpeaniosnbone 4 5

Trianti nol one 4 5 Paramet hasone 2 10 Bgfanethasone 0.75 26.66 Dexanet hasone
deoxycorticosterone, aldosterone and beclometasone including pharmaceutically

acceptable esters, salts and complexes thereof.

As mentioned above, it is important to achieve a plasma cortisol concentration-time
5  profile that mimics that of a healthy subject. Accordingly, the one or more
glucocorticoids may be presented in a suitable delivery system such as a dosage form.
Moreover, a part (first part) of the glucocorticoid must be released from the delivery
system faster than another part (second part) in order to enable a fast appearance of
the glucocorticoid in the plasma (relating to the first part) followed by a maintenance
10  dose (extended release of the second part). The first and the second part may be
presented in the same formulation or in separate formulations. In a preferred
formulation, they are presented in the same formulation, notably a single-unit
formulation. Moreover, if they are presented in separate formulations, the first and
second formulation may be designed to be administered by the same or different

15  administration route. These aspects are discussed further below.

The one or more glucocorticoids of the first and the second part may be the same
glucocorticoid or a mixture of the same glucocorticoids. Normally, this is the case as it
is easy from a manufacturing point of view in those cases where both the first and the

20  second part are parts of the same dosage form (e.g. the first and second part are
contained in a tablet and the first part is provided as a coating or as a separate layer on
a core containing the second part). However, in those cases where the first and second
part are not part of the same dosage form (e.g. the first part is an effervescent tablet
and the second part is in the form of an extended release tablet) or in those cases

25 where an improved therapeutic result is expected when different glucocorticoids are
employed, the one or more glucocorticoids of the first and the second part are different

glucocorticoids or a mixture of different glucocorticoids.

As the first part of the glucocorticoid is intended for immediate release, the release

30 and/or absorption may take place already in the oral cavity in the case the composition -
is administered orally. In such cases, the glucocorticoid of choice for the first part may
not be hydrocortisone (as such) or cortisone as these two active substances have a
bitter taste. However, these substances may be employed provided that a sufficient
taste masking is obtained. In the paragraph relating to "Pharmaceutically acceptable

35 excipients" taste-masking is discussed in more detail. Accordingly, the one or more



0.75 26.66 Fludrocortisone 0.05 400 5Accordingly, if the first part of the
conposition contains 1.5 ng betanet hasone (corresponding to 40 ng

hydr ocor tweaena)14a32d t he second part of the conposition eomtepng/decsry
hydrocortisone, the total anount of hygrocortisone equivalents in the
conposition corresponds to 80 ng hydrocortisone. Accordingly, the first
part contgidbtohiedfdebf thadirst@an!milykivecs ddceptasieagste) mag bt 3agiélesdiér may

conposi tion. ASSLfm' n%dt ha]% the total 10anount of the glucocorticoid in the
first partesTecheuiaslsm@Pka% n 1 hour in the above- mentioned dissol ution
test, the requirenent with respect to rel ease of the glucocorticoid from
the first_part within the first 45 mn is that at ]east 25% qf the total
hydr ocor (PBBTRES LI Bne At wois duedsPaiboll o HisTaksarH e n ot Srrg Ao P e

accor gi gg‘oyﬂmetihgldcg&tﬁ’ﬁﬁdidﬁkdch?srabi,(hyﬂi[:c))cbrhieo@ ﬂﬁ@ﬂ@:ﬂlﬁété,qird@iédl%ﬁdﬂe first
part and the secon rt nm . e.qg. about 1: suc s e.g. about

0.95: 1, SLEﬂg'H%O'?’ &et%ﬁ?”'g@eﬁﬁm eagarémﬁjjl‘l)as(?'ng,spel%?mgwgﬁo% e.g. about
05853 1,0 ?g)‘(brr@ma%ﬁge, ﬂ%lbflil!:brt@obﬁ&3b1,|8e§cuﬁd6 lb,aeti@ﬁne,&bﬁ&bn@g%&'afbﬂéag%Ch as ehg.
about 0.70:1, such as e..g. out 0. 67: S as e.g.,.about 0.60:1, such as
e o abolecmslasonediitl plaTgcagicall Beaspiable SYeR. Ao MBS 0 45t 1
such as ehgreofPeldsp@cidly duitabledxafpletis hydigottitonls dbhyhrocuEdne R

2011/ 3144327PCT/ EP2011/ 0024?.6 &9 as e % Bgﬁm .40:1, such as e.g. about
0.35:0, <ivcRngle & apharpacrutisalyaceeptahigsalidhetedf. * about 0.30:1, such as e.g.
about 0.25:1, such as e.g. about 0.20:1, such as e.g. about 0.15:1, such as
e.g. abouyt, 0.10:1 such as e.g. ab 0.05:1 or such as e.qg. about 0.01:1.
5" The " amtiitt respepha Mo seoe Fateary W dee BheecmrAlongh dracoiipdps fuyie

expr essecdcerasioyadlnme epédifioerabadimenichyeiidcortisony idsrefered. r ange of from about 15
to about 50% notably from about 15%to about 35% of the total

hydr ocorti sone equivalents in the conposition. This anmount can be

det eri5i nePhamacb@icangomgositeheased 1 hour after start 10of testing of the
i i ssol.ution tes ar di to USP enpl oyi ng USP

conpositign in an.in vitro t, ac n .

D SSol ut | UiF %Bﬁé’f"&&*@%?’%gﬁiaﬂm @ICOGOHIIGOIHE ?J”'EP&&F%{?%C&”F?%? estinal fluid
Wi t hoijlt %wa?aioas ada‘ti) Rigoihat év@mfemgﬁéurlt? ahehsa d fesiperbdfuhe glatodrtidoid

Nor mal | y, . |.east . abqut 50% o e rocorti sone eqguival ents of, the first
Do £ ar & PR ERL PO PEHE & e Hel eRict S HEERE R SERH T A

phar maceuhé glcocartipma iri aroextasdsar amgertimorideeta sbtainta mrolonged and aldtyinetesi gned
as a@i ng%%gfo%oslytéi on..i ncﬁ gpd d flor or al aqn‘i ni shr ti on,once C#ail . Such a
compd¥i t i IECt & B8 HHERFUTOY-Srr by AR PS50 é‘ﬁﬁafes TYRIPgf g ey

pr ef er r edd=lg peinisttnionVEte glutddertitoidOin lite firsbpet oy beenpaeceintleassd(iel on a
conposi ti ntion r%ll;; al so, be a dual conposition, i.e. including

t he i .
two di ffefggtﬁ?ﬁ}?ﬁzﬂ%ﬁgﬂglggf imMedigigralgased. o an extended rel ease tablet to be

i ngested together with an i nmedi ate rel ease oral pharnaceutical fornulation
of a gl ucRcoré.i qoi d rgor ot her, suitabhl e combi nations). SLfCh dH.aI.
ccordingly, a pharmaceutical composition comprises one or more glucocorticoids,
25  wherein a first part of one or more glucocorticoids is substantially immediately released
and a second part of one or more glucocorticoids is released over an extended period

of time of at least about 8 hours.

Due to different potencies of the glucocorticoids, the term “hydrocortisone equivalents”

30 dose exposure has been introduced.

The term "hydrocortisone equivalents” is used herein to define the amount in mg of a

specific glucocorticoid that corresponds to 1 mg of hydrocortisone for the purpose of

systemic glucocorticoid therapy as generally understood by medical practitioners. The
35 termis based on the fact that the individual glucocorticoids have different potencies

and in order to achieve a desired therapeutic effect different doses of the individual



conpositions are normally provided in a single package such as a kit.
Accordingly, a kit 25 may conprise i) a first conponent conprising one or
nor e gl uowoanti@eds, the first conponent bei ng desi gneacirampr2eubesidant i al | y
i mredi ately rel ease of the one or noregglucocorticoids, ii) a second
conponent conprising one or nore glucocorticoids, the second conponent

bei ng desigiReritsits ard RQUREY. ERjuRaRRt 8bsdshtt tigluescorioRisdantecaidulated ds, 30
wher ei n at | east §§Ut 50% of the one or nore glucocorticoids of the first
conponentPasPd opheiolewingitdhien the first 45 min of a dissolution test

enpl oyi ng USP Di ssol uti on Apparatus No. 2 (paddle), 50 rpn1and si mul at ed

intesti nal—fluid without enzyes—as dissolution nmedium

2011/ 14453EREPM 080 11/ 002466 20| FRUVAIPRIANMN GRS ke di Mﬁ%ﬁP”ﬁé’”&queous such
as e.g. water optionally supplepmented with a buffer, dqla.vamp.H('rmggﬁtr@‘ 3-8
such as |[about 4-7 such as about|5-6 or about 6. Furth rnore,
t enper atjure of the medium may bg in range of e.g. 2Q- t5fé°°§'ﬁe'ﬁ as e. gl
25-40C, |such as e.g. 30-35C or about 35-37C. 5 The |movm§¢5@1d§|t5$mi ut| on
profilesl of the glucocorticoid fromdrug formul ati or accordin
invention is suitably followed pver tine in a standdrd Fei’e?i“%‘éﬂ%ﬁmw din
vitro environnent. A United States Pharnmacopoei a (USHydeiceaoHé) on

appar at us—11_(paddl e) coupled-tp automatic sanplingldevices and software

may be useRrtifse a€Aifring rel eak®510 profiles of the Hfug formulations in a
neut r al F@Q&ﬁrﬁ%g&nt The diseppution profile 15 §tably acquired at 37

C, 50 rpmor 100 romof the narHI es_in atotal of 00 or 500 o
wat er. AlRedngelPoRly the water £an be exchanged witH $hosphate buffer| at

pH=7. 0. :;a,lgghb&ge ey be performeg at even tinme intervals such as e.9.|0, 1,
3, 5 7, 15, 20, 30, 40 50 and 60 minutes following the insertionfof a
phar naced‘t/lettlalpreﬁmﬁpmtl on 15actérding to the inventli%n in the dissol btion
medi um rmdm‘?{ ndiBnd Of Towed up tpz360 mm or more aftfgg T nsertion of a
phar macejut conposition. However, should a conparfison on a conposifion
accor di ngParemett@someent i on be nhde vis--vis a conpositd on not bel ongl ng to
t he i nvengion4h UIIpd.IIDUII regargi ng—the—20dissotut test—shoutd—pe
made usi nlBéththqéF’ooe St at es Phar Tg'copoei a (USP) dissal'ution apparatus ||
(paddl e) lenqnteilnbﬁooeautorratl c safpbi ng devi ces and gdfG&are was used for

acquirin roHtes—of—the drug—formattons i arneutrat—pH
envi ronnlgﬂi]groﬁ'zs?frssol ution pr JPiOI%e is acquired at 34;)0C 50 rpmof the
paddl es, in a total of 300 mM of water. Sanpling is perfornmed at 0, 1, 3,

5 m.nutes 25f0 t he insertion of the pharnaceuti cal
corrpoéltlé1 &‘f‘ﬁ?i&%@ai&& k)helcé)"g)é’ﬁ't'BBCf’Btla|n8\Ae% ppettt%m%%as?ﬁenut es or nore
in even I(mb&éSWnﬂmgltdSMt)fm&_] W&G@nﬁsmmammetsleeomdepm oftoe endpdsitieh ease” i s

ded | ud f f f I
oht a1 med STGITIATG BetncatBo3ndhe i G AL S Soisfhs ShOThENR P Ponr s or
rm[) F tV\:hI cdmpcsmnloorrgaﬁoqdem eglntg‘h;tdrmrﬁs}mae Adm:dum?iy ahemd;tbammpﬂamsn
t ets udes so:-cC contr.0 rel e
b easer, SO BLe Gt Fiftdione BiyR Rien g e pERERn. Bedring 3 in toigl™
" pul s‘fﬂd“ rahemt@f the g)tnmdcongeld i eHecfastepart |é$éle§se|de/{nme'hpur"mhh@abe\@pt| m zed
el B RRAP A BT T e B G et ° e

from the first part within the first 45 min is that at least 25% of the total hydrocortisone

equivalents are released.

15  Thus in the compositions according to the invention the ratio of the glucocorticoids in
the first part and the second part may be e.g. about 1:1, such as e.g. about 0.95:1,such
as e.g. about 0.90:1, such as about 0.85:1, such as e.g. about 0.85:1, such as e.g.
about 0.80:1, such as e.g. about 0.75:1, such as e.g. about 0.70:1, such as e.g. about
0.65:1, such as e.g. about 0.60:1, such as e.g. about 0.55:1, such as e.g. about 0.50:1,

20 such as e.g. about 0.45:1, such as e.g. about 0.40:1, such as e.g. about 0.45:1, such



21 In the present context the term"inmedi ate rel ease” or "instant rel ease"
is intended to nean that the active substance (in this case the one or nore
gl ucocor twoabtsiu4izegi ns to be rel eased fromthe pharmacegrirrad1©opOSi ti on
inmedi ately after being swallowed. Ingn in vitro testing this termis
intended to nean that the active conpound (e.g. the 5one or nore

gl ucocor tdscdy dout bab 1W§th'bé% égPasdut 0f35a1, %Qﬁfb!a@@@ Bb&t s Utsuehlas e.g.
conposition (such a conbi nat i OH? of an rmzdﬂtq {)e rel ease art and an

ext ended 3OMEGSE: 1p§ﬁ‘qh)a§ %gf%qogéggé t SHR #1189 8PP FUSR B3 Ed- RO t he

tabl e bel®ys:1!duth 22fd §rabslie.hoaf stdheasie.§saddit 008: 1t @SSuch ¥e ety dbogor ti sone
equi val ent s rel eased (based on the content in the first part) within 45 mn

at | east &Bblt 50% such as, e.g., at |least about 60% preferably at |east

about 570% at | east about 80% or at |east about 90% preferably within 30

mn at | egast about 50% such as, 8 ,. at Iﬁ% & about 60% aﬂef erably at

| east abollt® moynteft eéggetormgtgl@g/gr(tjpmg?o LSt RBAUEXPERISEN®hi n 20 i n at

| east ab%r&@%s‘éh@bq&‘ialeﬁtsgmay@b i Q%ﬁg@&@#&nﬁw@twﬁo beasts08h) @tabR0% at
vamthm 15 min at | east about 50%

| east about 80% or__at | eas g 2 fuf]

10The i n HR™ ABOi 9% 1A aR04h 3Pfofh ! %§°t6 hydFReogisqes EBYYRIEER E Ffom dr ug

f or mul ?t Ib wﬂﬁpl fds?tllﬁm?ﬂhdlélbﬁ\oaﬁl?déhrbeed@témtﬁéh é@iﬁéaéiﬁdd durmw@dsérjlmghd@ aftestavent i on
is suita VA 0] we over I me |1 a Standardl ze con (0] I N 1tro

Lot HOhaceiestRaIf heckpmigosiion AR LS HBse diah fesh acsains to TSk elpliyinet s ||
(paddl e) gsPPigBIUten Apbarsiis o SB(pRLHRY szbemrrp@rd v dlateef iheetiral fraid vithoused f or

acquiring release profiles of the dru ons in a neutral pH
15envi r orfRZINes PRAISSPLLRT MEIMT BrdAite p?@["é%f’fé\*)é} acquired at 37 C, 50 rpm

or 100 rpmof the paddles, in a total of 300 M or 500 m of water.

exchangec Al Eiph ke B 8 ne Y SRE G NIoR Ao 06t BER B mea at

even {5 Mereldab6d Withid te!fidt 5 men 6f the diskolulon est.7, 10, 15, 20, 30, 40 50 and
60 mnutes followi ng the insertion of a pharnmaceutical conposition
according to the invention in the dissolution nediumand may be foll owed up

to 360 m A pAarmiEdesticH E:@rhpbs!iﬁcﬁfédo@mimj toahelim/remeuutsbwﬁly Besigeaisad 4 on.
However, should a conpari son_on aa] nﬁomtl on acgc %}‘8& to the.invention be

made vi s-809e sompeyifigzhiatandse farraliad @r"?ﬂj’”t%‘cf‘ﬁ@' £ CMAREOR Shpar i son
regar di ngcdrh@n|dhtSfSﬂih'étpaﬂénttt6%kesdiﬂub dada@formaiﬁreﬂ@reraga@ebh Hoedv&t aitkis

28? (r)%:op%g:éa € ﬂtP ?‘8 é%%éaélgg%bggﬁq?ﬁqoé%%H%f he |$|\Pe% d (rav}ayca? t|>ee g dEJg|
composition, i.e. including two different pharmaceutical forms, e.g. an extended release
tablet to be ingested together with an immediate release oral pharmaceutical
formulation of a glucocorticoid (or other suitable combinations). Such dual
compositions are normally provided in a single package such as a kit. Accordingly, a kit

25 may comprise
i) a first component comprising one or more glucocorticoids, the first component being
designed for substantially immediately release of the one or more glucocorticoids,
ii) a second component comprising one or more glucocorticoids, the second
component being designed for extended release of the one or more glucocorticoids,
30
wherein at least about 50% of the one or more glucocorticoids of the first component
are released within the first 45 min of a dissolution test employing USP Dissolution
Apparatus No. 2 (paddle), 50 rpm and simulated intestinal fluid without enzymes as
dissolution medium.
35



was used for acquiring release profiles of the drug fornulations in a
neutral pH environnent. The dissolution profile is acquired at 37 C, 50 rpm
of the pasidlesyi4#327a total of 300 ml of water. Sanplingpcs/mresfiooed at O,
1, 3, 5, 7, 10 and 15 minutes follow r% the insertion of the pharnaceuti cal
conpositions. The rel ease profile can be 15followed up to 360 m nutes or

nore in eppidisddiRiovdhediurByndiSieghueidas 8licH1E 6.g0WHRP 6ptidriallpbaisplémenteamedi at e
rel ease and one_or nore glucocorticoids for _exten

] ) de% rge/%ﬁase in specific
ratios, iWtha8ulield 3R &Ngeet S sHGM &S 3aput 417rUshiRRRPPHR RFF 8POUS ti sol
af ter adngginetmadel e teMBERANE bf tHetmEBNMBBaEhy insad§sl of 131 20-459Cs sdfipassi bl e
to lower the daily dosage range required to obtain a suitable therapeutic
ef f ect tefkg'n%'s'f'q)]pgs'd%%ﬁ %f@r%&'gﬁr? QRPOYEARPAIC T el ease profile differences in
i ndi visdual patients their sensitivity to the drug, and their body weights.
Thus, for_an average adult perso

( R V\/nose,encgpgenous cor[?i,sol exg%eti on is
at a veryMe v ¢ tog,pepfiles ¢fdhe glugpoqrticqiq, fragkug, formyialigRs? LR n t he
rgnge_ OI tﬂa5ar3)@nﬁ@1 BIsuR4Bl 16AbREE ode?&ﬁﬁe afa ?pdml"rdieé@@@qwtnﬁhwwa 25can be
adm niI stered once a da I N or r 0 esse | ) mcC e en e S
o ense rironment & Uied SiSt BRbeistoassia (URE) s iassenamratds [1yosdRle i s
i ntended dgupranetaatdntdic shiplim) dsvidesiinafdoftwapbdinal Bedised far dching Aléar@
correspondi | tF fromabout 0.5-1 to at)@_t‘lt 6.5-7 h%ﬁp'af er adr’p nj stration
o LR ootrelies of 6k cBre BrRiEtcsIB AN ALE ERBITTAS T SRR RS 15y
i?,(r)ﬁht alt eﬁ Qﬁta%@%@ﬂﬁif&ﬁat?’l@(ﬁ Bepsm @]f 1o@e%rﬁloam§8paaa@%i i||n% tofal 60300 ﬁﬂDJr)]r 550 ﬁ

eatysu ect In the rnin romoamto oon. n t set_ t he
first andm{q’fé'!’ag%r(:é‘ﬁﬁmﬁﬁ‘feclgﬁ‘@d}‘at%o"r?ﬁ FHCSANFET W E'&%S@hﬁ{;etﬁ‘?f% ?t)pl'(')'?}'?'he one
O(r]I nor e %mgﬁ@rﬁ?é@m gférjf&hfédtaﬁlb%h ﬁtﬂqlitm_?_rtr\]/b@éﬁ)th ableey. 0 nr,erls,mevi ool 154pe, from
admni strati on o t he 1 1rst art. ) e rmaceut) c conposli ti on or
kit of 1D ARAAANCED itRdowiRG the insariah ehph i Rge WSAESSRREIIOR. f or about

12- 18 shouscontfiictto tHOsivaation iMEhe28idddI 0ttt dodaRdy b& fhéwed 2B td B60 he
following s on of the invention relating to

iven_a detail ed descript].
phar rraceu’f’l’b%[ﬁ“%’&r?ﬁtﬁéinﬁ? An OEBREV ,Cg‘ai{'qa' GPBPY®NMnd particul ars di scl osed
under this aspect of the invention apply nmutatis nutandis to the other

aspects of the invention. Especially, it should be noted that disclosure
P ati no HoveRs ToLa Sapaon e A s actadion i e RUeReR s o di ng

to the i W@—at\jisﬁ@ céﬂnﬁ@simdtﬂb‘élofn@fngaofHdliﬁVerﬁin tﬁeac@ﬁpbrts@ﬁp@gwarggmﬁe a ki L
according to the invention. nsequent cogposition.a ing to the
i nverft ond'ﬁ%ﬁwttoﬁdgsksg%'fji%?é“%n‘éﬁ"gi "ﬁp"lnﬁéd ﬁ%g%%gﬁga@gogqeéa éﬁgﬂé as % of
total wei @E&oltﬁfon&idpaia{ﬁgi I‘E(ﬁa@lgl‘ei’) cosed idhdtditﬁatl@mmlfng(ﬂleurces ahd Edéfﬁuare )
conposition). It is also to be understood that e solvent us on the
process o‘f’a%rﬁ?ﬁi#faﬁ??ﬂ*‘\"ﬂ'@ r?ﬁ@s?:BWB%iO?it"@néerﬁgorf'ﬁ‘lﬁqunﬁf” ?)H?W# PEVapor at e:
A ucocor t émroAmeaUThd de¥olutioraprotile iSabftireadlay Berc, & Aoeoadbepaddies 2h% such as
0 - 0 0 I

about 20 /{)0%1?8}" £003r91l g'fow/gteﬁ lé%gpﬁﬁg fasbpoel#orr%gf) a'? (5 1',:|3|, ls,e'/r, 10 and 15 minutes

25 following the insertion of the pharmaceutical compositions. The release profile can be

followed up to 360 minutes or more in even intervals.

in the present context the term "extended release” is intended to include all types of
release which differ from the release obtained from plain tablets and that provide a

30 release during 8 hours or more, which is a longer period of time than that obtained from
plain tablets. Thus, the term includes so-called "controlled release”, “dual release”,
“modified release”, "sustained release", “sustained action” "pulsed release", "prolonged
release"”, “slow release”, "chrono-optimized release”, continuous release, “time
release”, timed release” as well as the term "pH dependant release".
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about 37% d i dantabout 0.1-0.5% such as about 0.3% Lubri cant about

0.1-0.5% such as about 0.3% about 1-5% such as about 3.5%or Filmcoating
syst emabowd 2d115%@@bout 25-40% such as about 30% or Sol vemtrpadiah2485% Thus
a conposition according to the invent :ﬁn may e.g. have the follow ng
make-up: 15 d ucocorticoi dabout 1.6% Pol yner, Bi nderabout 22% Fill erabout

38% G i dantmdereteRt- o%%e&tlfhéltémf@h@dﬁat@ré@és@’ bMirstartireigasyr 3¢ RiaHaedto 4. 4%
Sol vent about 33% or g have the follow n

2011/ 144329@6!*#‘15#52@191)’% cg4indhi§ C88% s i Qig%%tg't@%%“ﬁ\?/}%)r@g'”s to
Bi nder abqsetre%@%/@&rrbhetha?ﬁyﬁma%@%@l cempdatsHimnte e ly Uit B&ing awandwdd. 3% Fi | m

coating syst emabout
In an in vitro testlng thls term is intended to mean that the active compound (e.g. the

5 one or more glucocorticoids) that may be a part of a combined pharmaceutical
composition (such as e.g. a combination of an immediate release part and an extended

release part) is released from the composition according to the table below:

time after start of the % hydrocortisone
dissolution test equivalents released
(based on the content in the

first part)

within 45 min at least about 50% such as,
e.g., at least about 60%,
preferably at least about
70%, at least about 80% or
at least about 90%

preferably within 30 min at least about 50% such as,

e.g., at least about 60%,
preferably at least about
70%, at least about 80% or

at least about 90%

within 20 min at least about 50% such as,
e.g., at least about 60%, at
least about 70%, at least
about 80% or at least about
90%

within 15 min at least about 50%

10  The in vitro dissolution profiles of the glucocorticoid from drug formulations (immediate
and/or extended release) according to the invention is suitably followed over time in a
standardized controlled in vitro environment. A United States Pharmacopoeia (USP)
dissolution apparatus Il (paddle) coupled to automatic sampling devices and software
may be used for acquiring release profiles of the drug formulations in a neutral pH

15  environment. The dissolution profile is suitably acquired at 37 °C, 50 rpm or 100 rpm of

the paddles, in a total of 300 ml or 500 ml of water. Alternatively the water can be



Sol vent about 33% or e.g.: G ucocorticoi dabout 4.5% Pol ynmer, Bi nderabout 22%
Fill erabout 36% d i dantabout 0.3% Lubri cantabout 0.3% Fil m coati ng

syst enabond 28119%a 30! vent about 33% 5 Exanpl es of suit abl echideb@n 02466 | uent s
and/ or binders include | actose (e.qg. ray-dried | actose, a-I|actose,

13-l actose, Tabletose(r), various gra%@s of Pharmat ose(r), Mcrotose(r) or

Fast - FI océibhar{gearv@wm@%ahété I&affereétlpwmﬁ V@nh SH®E q;eagsée@nﬁéd éwev:eeult(rﬁé

El Vi | 0, d | [ 1 ul
P bl e i 8. 1091 B, 405 zmwp"s%wr%r b el ol bse

(HPMO) ( Qné)ernd%f@&@rmgceﬁlcél%rﬂﬁ)os%h akesging'tb e |5bérﬂ|oﬁtir$the d+§sﬁ)lut©bl0h as,
e.g. the 4,000 cps grades of Methocel E and Metol ose 60 _SH, the 4 0 cps

gr ades ofm%%"ﬁc?@élmqy beeliamed e i 3GEME)or ere a,jtewvgertnggo@e@hamp%bc 00 cps
gradeg ofcoiplospesl K, and the 4,000, 15,000, 39,000 and 100, 000 grades of
Met ol ose 90 SH), nethyl cellul ose polynmers (such as, e.g., Methocel 15A

Met hocel A4C, Methocel Al 50, Methocel A4M), hydroxyet hyl cel | ul ose, sodi um

car bOXym&w&\@?‘|s|thl@5aecon¢ﬁr@@%bﬁ‘étJb)‘ﬁ®§ﬁon according to the invention be made
car boxymet hyl hydr oxyet hyl cel | ul ose and ot her cel lul ose derivatives,

sucrose, UgAMEsRcomBRRsiiangot balopging & thejavgniion the armRa5EaR f§93°4NI ey ches or

nodi fi ed &é@l&.hﬁ%& lsﬁ@dwlﬁe AeadeQisiigla ShAéd BlatdSPHRmatasddla yi ce st arch),
cal cium phos%rat e asi ¢ cal cium phosphate, calciu

2011/"P445h80 Pﬁpeearf?%db%éd'stc iR AUOM3f|CSAMA 'U%dswe%%%'?ﬁ% P(xﬁd?at e),

cal ci um sidd @R, fofcadqmrmwraeéwa@ms of 6l dHIy ArgiudEbAes inGPhéagpHet . Specific
exanpl es of diluents are | um phosphat e,

. um car bona al
5 tri basﬁ’tf“’&f%”'ﬁ?’t‘frr?%g'%‘ﬂa‘fc@ pr@ﬁ'?d‘f ﬁ?ﬂ”gﬁpﬁa?égérﬁ%ﬁpﬁb?{)@? F&'ﬁ% 'R&I | ul ose,
powder ed tefl bidovSHAl of dRaté eampn@bapstprelrferm@teatto ass, 5,7, uotaaaels idolesn, | act ose,
manni tol, sorbitol, starc regel atinized starch rose, fj‘?g?rhaew

Specific ‘falloyying the 'Bﬁert!f?%?fﬁb%ghaf aceyfical ﬁoraposatl'oéﬁsnp&e g35ediro Bes
m crogr y shidwdd g th®Bsel hinLies@r muyéiroenaprioelalscel | ul ose and ot her cel | ul ose
derivatives, croscarnellose sodium crospovidone, polacrillin potassium

sodi um st arch gl ycol ate, starch, pregelatinized starch, carboxynethyl
starch (eB;gusuRjbmeﬁhbfe)glmoﬁmbld@tfah@)neaﬁate SRR dridorexambres of  bi nder s

are e.g. g}gc?o%lo?tlco%s cl)rrgx?en%géi geleasge in spemhg Iralﬂg]s Qlta}gas e%%np035|ble to mimic the

circadian rhythm of cortisol after administration. Moreover, it may be envisaged that it is

20  possible to lower the daily dosage range required to obtain a suitable therapeutic effect
taking into consideration the general release profile differences in individual patients
their sensitivity to the drug, and their body weights. Thus, for an average adult person,
whose endogenous cortisol excretion is at a very low or zero level, the total daily dose
of hydrocortisone in the range of 15-30 mg or equivalent doses of other glucocorticoids

25 can be administered once a day in order to essentially mimic the endogenous release
profile. In the present context, the term “essentially mimic” is intended to denote that
the plasma profile obtained in a time period corresponding to from about 0.5-1 to about
6.5-7 hours after administration of the composition or a kit according to the invention
substantially imitates or resembles the shape of the plasma profile of cortisol of a

30 healthy subject in the morning from 6am to noon. In the case that the first and the
second parts (or components in the case of a kit) of the one or more glucocorticoids

are taken sequentially, the time period runs from administration of the first part.

The pharmaceutical composition or kit of the invention should provide intestinal drug

35  absorption for about 12-18 hours after dosing.



15 sodi um car boxymet hyl cel | ul ose, mcrocrystalline cellul ose, dextrin,
ethyl cellul ose, gelatin, |iquid glucose, guar gum hydroxypropyl

met hyl celwol0s@443t hyl cel | ul ose, pectin, PEG povi donepcprepgehabismes zed
starch etc. Gidants and |ubricants mag al so be included in the
conposition. Exanples include 20stearic acid, magnesium stearate, calcium-
st ear at e |QthfNSWiIng® Gildn & detafad absoriptioh 6f thaaxeatienetigingaer i des, |i ght

m neral oil, PEG. gl yceryl behenate, colloidal sil lca,, h\édr &pe a&rgd

Veget abl PTBIMECeHGRIEORPRRIURD. s et iand magiculags iseiPsed WRHEEHES g1 ycol s,
al kyl sul {spketsof tismvermoAePppIhtatis AitaHtiBahabberhspeckbéithe nventinpi ent s

whi ch may_be jncluded in a c osjtion or, soljd d ,sage ;o&g ofﬂ%ge

i nvent i orFsResiay.dt S"PP%W%‘S%gﬁP'Q,S“r@dFISH'PQ Wgthﬁgésﬁ Bd/of esecqit ki ng

agent , PiErRdfddonitdsities atsordiy td Biel iMg:nBioe Biss, appli@sSor ¥ditdtwaa sesdrabi | i zi ng
agents, anti-oxidants, wettin ents, hum dity-adjusting agents,

sur f ace- mweab@rﬁ'gta%% it g'”é(@@ﬁ'ﬂr%, absorpti on enhanci ng agents,
agents for nodified rel ease etc. 30 The conposition or kit conponents may
al so be cgated mﬁ[h a fiInLcoatiqg, an enteric coating, a nn?iLied rel ease
coating, GOMEHERUY; §EORBIETIPYAcaRIanq the dhesHR MRy dhySiprarise (whereiny

cg{mpsi g iStﬁB_ptéﬂfglnt%@bE ateh@i?;aoéé &Rl Weight @rfaan?g?{aaiehgt&@gnremei nor der f t o

obt ai n suitabl e properties.e.d.. W respec o, extended rel egse o e
one D moPEnYPdu e b iodt ks pentyeined Bal BRSEMen e cndi |y
sol ubl e fthk precess af MmangFactiih@ theldohbsitié PETyERRO0dIPhd@porflet he one or nore
gl ucocorticoids for imrediate rel ease. The coating may al so be applied in
order to mask any unsuitable taste of the one or nore glucocorticoids. The
coating nmay be applied edoficsl@l € unit dosage T orgmu( 5910 5l €E%, capsul es)
or it m | i n i i ndi vi units.
5 Suitabl e coati ng mribgmeaBsdar e e. g. net hyl cebdutill ®88%, such as about 20%

hydr oxypropyl net hyl cel | ul ose, hydroxypropylcellul ose, acrylic polymers,

et hyl cel I ul ose, cellul osgacetate phthalate,aBﬂﬁﬁgﬁﬂ%l&§E€f3W§P§%¥ﬂblate,
hydr oxypr opyl nethyl cel |l ul ose phthal ate, pol yvi nyl al chatl37%sodi um

car boxymet hyl cel | ul ose, cellul ose acetate, cellul ose acetate phthal ate,
gelatin, 10methacrylic S48 copol yner, pol yet3R9¥idhk0-gteysish ag Rhs 84 ) |
shel l ac, sucrose, titaniymAi oxide, carnauba Ma%.o 11 §8,061KSE abduk B8oax,

gl yceryl nonostearate, talc, zein, colorants or pignents or any

conbi nations thereof. . . Pl astici zer s andamiuh®b%i sighadiasnit 3.5%y be
added in the coatin§MEedirg 8Ysthe same or 15di fferent,agtseye substance nmay
al so be added in the coating material. It is to be clearly understood that
t he excipients nentioned herein nmay be presenrbout25a0%, aehas Asdut 80% of N a
final pharmaceutical foPP#Mtion according to the i nVa%QEtis‘%E}’ i.e may
contain any conbinations of binders with e.g. lubricant s/'glidants etc. 20
The conpositions as nentioned above nay have a ratio between the first

i edi at e_r el ease rt (which e.g.,.be the cpati a tabl et)and the
second ei-[ ’é‘f%o%&"PB‘FSZ‘é?é‘ea 8@!"?%@?"%&@?”&8% k& %\feetﬂgff&i;?“?%mglﬁ'u%"n ranges
of 20t530% such as e.g. about 25% of the glucocorticoid for the coating
(first part—beingirrediaterelease)—ofthetotal—25amunt—of———

gl ucocorticoid and 70C%O%CEGRIA as about 75% of the cAPRU(Stond part being

extendedﬁmﬁﬁWWman‘ur@mW. e i mforner
. : et, .Binder . . b ut2h
used in a coating corrp(¥5| i on may conprise polyvinyl alco ol , macr ogol ,

talc and titani um oxi de. Filler about 38%
Glidant about 0.3%

Lubricant about 0.3%

Film coating system about 4.4%

Solvent about 33%

or may e.g. have the following make-up:



The sol vents used in the manufacturing process of the conpositions
according to 30present invention may be any aqueous sol vent such as water
opt i onal Iwooppi4eszent ed an al cohol such as e.g. nethanolpcoEpedthanzbe The
solvent may al so be an organi c sol ventyysuch as et hanol, methanol,

| sopropyl al cohol, dichl oronethane or the I|ikes. A concrete
non-limting exanpl e @lcRoGidPOoSi t1on according to thgydtgeenti on may be
35conpositions fornmulated as coated tablets for oral adnministration
conprising either 5 Rgymer,Bdderg of hydrocorti sone. Theowe@fpositi on nay have
a core structure that is WO 2011/144327PCT/ EP2011/ 002466 27 coated and the
core may be fornul at ed t/dlef el ease the active substan@®4$'i8%n ext ended

rel ease fashion as discgpppd above. The coating may bg,fighryul ated to

rel ease the active substance in an i medi ate fashion as di scussed above.
Furt hernore a conposi tiLopricastcording to the i nventi onabauy0R&ve the foll ow ng

constituents: 5 Ingredient Quantity Quantity Standard g5 ng tablet),
ng/ unit (20 mg tabl B4 coaigd BM5t8M  Hydr ocorti sone 5.0 SBPYH34%
Solvent about 33%
oreg.:
Glucocorticoid about 4.5%
Polymer, Binder about 22%
Filler about 36%
Glidant about 0.3%
Lubricant about 0.3%
Film coating system about 3.9%
Solvent about 33%
5

Examples of suitable fillers, diluents and/or binders include lactose (e.g. spray-dried
lactose, a-lactose, B-lactose, Tabletose®, various grades of Pharmatose®, Microtose®
or Fast-Floc®), microcrystalline cellulose (various grades of Avicel®, Elcema®,
Vivacel®, Ming Tai® or Solka-Floc®), hydroxypropylcellulose, L-hydroxypropylcellulose
10  (low substituted), hydroxypropyl methylcellulose (HPMC) (e.g. Methocel E, F and K,
Metolose SH of Shin-Etsu, Ltd, such as, e.g. the 4,000 cps grades of Methocel E and
Metolose 60 SH, the 4,000 cps grades of Methocel F and Metolose 65 SH, the 4,000,
15,000 and 100,000 cps grades of Methocel K; and the 4,000, 15,000, 39,000 and
100,000 grades of Metolose 90 SH), methyicellulose polymers (such as, e.g., Methocel
15 A, Methocel A4C, Methocel A15C, Methocel A4M), hydroxyethylcellulose, sodium
carboxymethylcellulose, carboxymethylene, carboxymethylhydroxyethylcellulose and
other cellulose derivatives, sucrose, agarose, sorbitol, mannitol, dextrins,
maltodextrins, starches or modified starches (including potato starch, maize starch and

rice starch), calcium phosphate (e.g. basic calcium phosphate, calcium hydrogen



Ph. Eur. Hypronell ose K 100 cP (Methocel K 100) 47.05 41.2 Ph. Eur.

Hypronel | ose K 4000 cP (Methocel K4M 20.0 24.6 Ph. Eur. Cellul ose,

m cr ocr yswelbimasf2Avi cel PH 102) 100.8 100.8 Ph. Eur. St aceEr2pnegsbati ni zed
(Starch 1500) 16.4 16.4 Ph.Eur. Sili C825C0| | oi dal anhydrous (Aerosil 200)
1.0 1.0 Ph. Eur. Magnesium stearate 1.0 1.0 Ph.Eur. Opadry Il about 13.75

phosphate, dicalcium phosphate hydrate), calcium sulfate, calcium carbonate, sodium

alginate, collagen etc.

Specific examples of diluents are e.g. calcium carbonate, dibasic calcium phosphate,
5 tribasic calcium phosphate, calcium sulfate, microcrystalline cellulose, powdered
cellulose, dextrans, dextrin, dextrose, fructose, kaolin, lactose, mannitol, sorbitol,

starch, pregelatinized starch, sucrose, sugar etc.

Specific examples of disintegrants are e.g. alginic acid or alginates, microcrystalline
10 cellulose, hydroxypropyl cellulose and other cellulose derivatives, croscarmellose
sodium, crospovidone, polacrillin potassium, sodium starch glycolate, starch,

pregelatinized starch, carboxymethyl starch (e.g. Primogel® and Explotab®) etc.

Specific examples of binders are e.g. acacia, alginic acid, agar, calcium carrageenan,
15  sodium carboxymethylcellulose, microcrystalline cellulose, dextrin, ethylcellulose,
gelatin, liquid glucose, guar gum, hydroxypropyl methylcellulose, methylcellulose,

pectin, PEG, povidone, pregelatinized starch etc.

Glidants and lubricants may also be included in the composition. Examples include
20 stearic acid, magnesium stearate, calcium stearate or other metallic stearate, talc,

waxes and glycerides, light mineral oil, PEG, glyceryl behenate, colloidal silica,

hydrogenated vegetable oils, corn starch, sodium stearyl fumarate, polyethylene

glycols, alkyl sulfates, sodium benzoate, sodium acetate etc.

25  Other excipients which may be included in a composition or solid dosage form of the
invention are e.g. flavouring agents, colouring agents, taste-masking agents, pH-
adjusting agents, buffering agents, preservatives, stabilizing agents, anti-oxidants,
wetting agents, humidity-adjusting agents, surface-active agents, suspending agents,
absorption enhancing agents, agents for modified release etc.

30
The composition or kit components may also be coated with a film coating, an enteric

coating, a modified release coating, a protective coating, an anti-adhesive coating etc.

A composition (or part thereof) may also preferably be coated in order to obtain
35 suitable properties e.g. with respect to extended release of the one or more

glucocorticoids. The coating may also be applied as a readily soluble film containing



about 11.0 Col orcon Water, purified* about 102 about 107 Ph. Eur. *
Evaporates during the manufacturing process The formul ati ons nay be of
type swelwongimmats2rces based on hypromel |l ose and a di r eeCT@EPRYINA8BEION
techni que can be selected in the manufgcturing process of the tablets. 10
The core tablets may thus conprise e.g. hydrocortisone, hypronell ose,

m crocr ysthalohk e moré bubmcoﬁsabﬁuhwrﬁécﬁ@elrabagu we cosiing ®ay ard beagnesi um
stearate that are m xed and corTB&{'h sed to tablets of P]go resj stance to
Yepop

crushi ng.aPRHed fpyrgt @ 3hy ynstitahie [astes\fRs ope B BPE 9 oKy % abl et s
are pref edgcalihy n@@aie%pwed bn §|ngle Uhittiosags forme e gatadliets, thpsulds) ore imayebeg.
Opadry(r) and, water | drocorf %ng for .immedi ate rel ease. The
filmforrRAPIGLEn 3 R?I)tdﬁgogiﬁﬁg?l ARSI IR MHFse e. g. pol yvi nyl
al cohal , macrogol (polyethylene glycol), tal c and titani um oxi de and
optionall oIorant/ ment 0 conmpositjons descr bove may in
The chce SHREECRRE et dve GeihiesiiBe. hickeoRp e hdculiee.
ghc';l‘[3 rraceu?ydeﬁlyprdpgrcenin@w aéfyu@bolame& gthyimysniﬂ@e;wtéuwmceme phareat i ng and
ng of the active ceut | cal
hydr ocor t FEYBH®Y a?‘ﬁa'lek@ﬁ)’lai? g%)fgu?’iyﬁ g{hyf‘{‘ﬁﬁ?ﬂ% ‘%gﬁ%ﬂtet B%'V\g?y'?'ﬁ%h%oat i ng
may havehﬁiﬁlurﬁ\&%iﬂrﬁéﬂﬂaa Z;R@d_ &/ Eaﬁﬁké/ﬁ}@@%@ﬁeﬂﬂomteﬂbﬁtrﬁlm’? gefathhe
active phar tic i ngr edi ent uch as rocortisone),. .and an
Srourd bf meaag R repdiney eShruy e ehEp Ml on et ehie, uehmy
hydrOCOFtdl&ﬂﬂ@)carrﬁhLibeva&Oﬁﬁ:rod'_rWtélhﬁé Wakeglydelme nestiosidlaraé, thidezémme or nore
gl ucocort |030| ds of the first %))art ress%d as hydrocortisone equival ents,

may be i n°APBNSHEpIBMRNtg ?ro?ﬂya @Lﬁ'nalt@n Peledut 50% notably from about 15%
to about 35% or from about 20%to about 40% such as e.g. fromabout 25%to

0 . . o
about 35 /Ig’lagtfic:gerr]se artu? : t%ler |n¥9erd?ecn sr Fn|a§/ gead%géj %nvtﬁleecggt?ngl mattenal Q'Rgggr%letolron'

15  different active substance may also be added in the coating material.

It is to be clearly understood that the excipients mentioned herein may be present in
any combinations in a final pharmaceutical formulation according to the invention, i.e
may contain any combinations of binders with e.g. lubricants/glidants etc.
20
The compositions as mentioned above may have a ratio between the first immediate
release part (which may e.g. be the coating of a tablet)and the second extended
release part (which may be the core of a tablet) in ranges of 20-30% such as e.g. about
25% of the glucocorticoid for the coating (first part being immediate release) of the total
25  amount of glucocorticoid and 70-80% such as about 75% of the core (second part
being extended release) of the total amount of glucocorticoid. The film-former used in a

coating composition may comprise polyvinyl alcohol, macrogol, talc and titanium oxide.

The solvents used in the manufacturing process of the compositions according to
30 presentinvention may be any aqueous solvent such as water optionally supplemented
an alcohol such as e.g. methanol or ethanol. The solvent may also be an organic

solvent such as ethanol, methanol, isopropylalcohol, dichloromethane or the likes.

A concrete non-limiting example of a composition according to the invention may be
35 compositions formulated as coated tablets for oral administration comprising either 5

mg or 20 mg of hydrocortisone. The composition may have a core structure that is



The function of each of the excipients is provided in the table, below 10
Functi on of excipients |Ingredi entFunction Hypronell ose K 100 cP (Methocel K
100) Pol ymweo,208imaa2r Hypronel | ose K 4000 cP (Met hocel KA4brPargomn)2486 nder
Cellul ose, mcrocrystalline (Avicel PB5102)Filler Starch, pregelatinized
(Starch 1500)Filler Silica colloidal anhydrous (Aerosil 200)d i dant

Magnesi UrbogteRainatid bbrei anbe fpmdiaYed tofrbleBt & hatdchge Sitsst@Be\Wa bR lextended
purifiedSol vent Thus a_ conposition_according to the invention e,qué conpri se
[

any of t Heleaspipshion asipcHp Gt 1 eeafoating imsvers formuatadyio seiRas on

t oget her aptifdisRearRe ifBA EnrhediatCasBibh ks AisdGssebbbherFurhermaeatt i cal
conposi tions and net hods of produci %%yt hese as well as rel ease

pat t er ns/S9FREstiar ageaiding te BigHaveniopaayHeye & i9dawing caRtyINFi shed as
WO 20@5/ 102271 which is incorporated herein by reference. 20 Thus the
inventionrelates to lons fg e 1 n admnistrations er e e
adni ni st regrediantray be any conbi nation &uaatiyf er ent QwaMitydosagdandarth as
e.g. a conbination of any nunber of 5y tRRAIES FElgMblethumber 20 ngy
dosages. Thus if the total daily dose of e.g. 25 ng of hydrocortisone (or
hydrocorti sone equival ent) is 25require®dg/upite subj gag/unih need thereof is
adni ni steredone—tabtet—conprising—26—ny o yoroco .i e—(ag, ¢

hydr ocor t PSBRY¥AGi val ent) and a tabl et &ohprising 5 J =y

2011/ 14433 pRENERIOIY PQRihEc R Mogfr ocorgriggone (or hyds ocortimone.
equi val ent’) either sinultaneously or within a tinme interval as specified
above. DdperdiefiggeditOReP(Methpseb§dMbsage Phberval s  t het.6 ot al dhiEy. dose of

e.g. 25 can be admi ni stere different 5 ng taplets c i sing

hydr ocor Fclr]eé'ﬂﬂ%e ("B:PWE?IH'BE Vf‘ieg%ﬁ'ioéqui va1l%8re§t). 5 Thégﬁ'ﬁyen_ti “A'so rel ates
to CcoMpOsdibiifegdBfififedBardnalad) daily dosgqof gl ucocggsicoi dsysfated as
hydr ocorti sone equi valents) that is admnistered to a subject in need

t her eof iSilice cgloidabauydréusn@emsil 200put 5 ng 1dr about 101®y or alfthkurl5 ng or
about 20 or about 25 ng or about 30 or about 4Q ngy or out 50 ng or
about 60 YAP"E¥UBEEE®R®1I0 70 ny or about ggong or aboug‘ogo gy ??"lﬁﬁout 100 ny

or about dn@np or about 200 ngy dependjjag 4Ean thegghi Mgal reidement.
The adm nistration of the conposition according to the invention nay be any

solid Water, purified* about 102 about 107 Ph.Eur.

* Evaporates during the manufacturing process

The formulations may be of type swelling matrices based on hypromellose and a direct

compression technique can be selected in the manufacturing process of the tablets.

10
The core tablets may thus comprise e.g. hydrocortisone, hypromellose, microcrystalline
cellulose, starch pregelatinized, silica and magnesium stearate that are mixed and
compressed to tablets of high resistance to crushing. The tablets may be circular
convex tablets.

15

The core tablets are preferably coated with e.g. hydrocortisone and a film former (e.g.
Opadry® and water to obtain hydrocortisone for immediate release. The film-former
used in the coating composition comprise e.g. polyvinyl alcohol, macrogol
(polyethylene glycol), talc and titanium oxide and optionally a colorant/pigment. The

20 compositions described above may in the case of a 5 mg tablet have an amount of
1.25 mg of the active pharmaceutical ingredient (such as e.g. hydrocortisone) in the
coating and 3.75 mg of the active pharmaceutical ingredient (such as e.g.

hydrocortisone) in the core. Furthermore, in the 20 mg tablet the coating may have an



dosage formfor oral admnistration or it may be in any formsuitable for
parenteral 15 adm nistration. The conposition may be fornulated e.g. as a
tabl et, owpoie44zarl |, or a sachet. Parenteral adm ni st patiEPRommay24be €. g.
i ntravenous, subcutaneous, intraarterigd or intranmuscular. Figures 20
Figure 1. Illustrates the cortisol concentration (nM vs. clock time in a
typi cal pahdfbf § 8{% cH‘QI%e aéthephdfnacltiesl idgtedBnt (StcH adi@g| hydiosstistne)

hydrocorti sone in nposi tion accordi nge to the invention adm ni stered

once dai 13 (%’b*l"’f‘%f“]tpﬁé? mgr ofihei PEtvErRNERCeUtisy IngrediepidPYThs Bf8e, Merck Sharp
& Done) tﬁyaﬁﬁzomsﬁ'ﬁé) GEIR Uorédmrﬂ%@nbfenﬂ\e ZRour of tHe-dmeFEnordd> 30 ng,
15+10+5ny, 40 ;. 20+10+10 m% gure .. Illustrates tr]e cortl

concent raﬂﬁ’?ﬂ?o(“ﬁws\?fsthe(ﬂrﬁcﬂ@ y PYRECFSRAS RYSrQcortispag FRWYAIERS: gy 81”? 8r 30ny

of hygr olqah@é S0 aBo@ 1BABRB5LLE 5098, mgw flomtaboat 14% td) au@ntalsemoﬁatsm ni st ered
once aqQal

or _hydrocortisone tabl et droc rtone y it]?tp
30admi ni t@“é@loéﬁ? 8Boyti40es sysh P e(B Fl%aboi'ﬁ ﬁéi%ﬁs‘?“tlﬁ (o4 the tofql ust rat es
box- pl ot shyafodeFREhée egdiviikais G tHel doritRitioR. @ composi tion according to the
invention with total AUC based on the final population pharmakokinetic
nodel for a) individual doses given in a Phase Il/111 study (best clinical
practi ce) T Einstlond £86h 3P@Bie\ekBiplYitd ib Providednh tHeoapier Betowccor ding to the
i nvention. The box shows the interquartile range and nedian. WO
2011/ P44327PCT/ EP2011/ 002466 30 Figure 4. Illustrates box-plots of
predi ct edridceib@epsidimane i n a conposition according to the invention with
total AUC based on the final popul ation pharnakoki netic nodel for a)
i ndi vi duahgd@s@s given in a Phase TT/T11 st qtqb(ct,(,,best clinical practl ce) and
b) doses_given b phar makoki ne nonngram a ng t o ent i on.
The box sliyprandlibee tsnoqm(mmellr@onange and rﬁ’eumanBlnBergure 5. Aver age
cortisol concentrations versus tinme after PK nom)%E%m doses and Coh=40 nM

(typi cal "PRrQRSIose4400E Meihasal KM t he di f f EPRRE" BXPhsdi nt erval s

(I nterval glpsd, mu&nys‘i’éMn@ (RicefBRNMBYE COrti s@ieconcentrations versus tine
after PK nonogram doses and 150<COh5250 nM and lower linmit in the different
C001 i nt esteah regetatinival (Statch6)500i gure 7. Avéilage cortisol concentrations
versus tinme after PK nonbgram doses and 250<Coh350 nMand lower limt in
the diff epibisqcotsilantuerers, sy A% r val s 1- 6) G4 Ei gure 8. 1 ndi vi dual

si mul at edMg&re%mg[ea ghcentrations vs. time aftRLthe first dose in the A
patients in clinical study after hydrocortisone in a conposition according
to the i n@gxitylon is given as a) 30 ng + 30 rmjmGodting spvest first dose, b) 30
ng + 30 rr\g[ 8 hrs post first dose, ¢) 30 ng + 30 ng 10 hrs post first dose

d) 30 ny WesOPHified2 hrs post 20first dose, &PV8Y ng + 30 ny 8 hrs post
first dose ¥+ 30 g 16 Nrs post first dose, ) 2 x 30 ng and g) 30 ng + 30

mg 12 hrs post first dose for two consecutive days Figure 9. Il|ustrates

the resul TRusa eampasitionascominada tee inypriaremay eempisecnyiatthgehavedisiado PK

gom)gra“phaﬁ%aé&ﬁi’&al“é&(ﬁnéﬁ%ﬁ&&@'c,%rﬁd"@at‘aﬁttéd%er ™ nidrg® Was found to be

15  glucocorticoids.

Further pharmaceutical compositions and methods of producing these as well as
release patterns/profiles can be found in PCT/EP2005/004400 and published as
WO/2005/102271 which is incorporated herein by reference.
20
Thus the invention relates to compositions for use in administrations where the
administration may be any combination of different unit dosages such as e.g. a
combination of any number of 5 mg dosages and any number 20 mg dosages. Thus if
the total daily dose of e.g. 25 mg of hydrocortisone (or hydrocortisone equivalent) is
25 required, the subject in need thereof is administered one tablet comprising 20 mg of

hydrocortisone (or hydrocortisone equivalent) and a tablet comprising 5 mg of



25hours after taking the first blood sanple i medi ately before

adm ni stering the conposition according to the invention. Figure 10.
['llustratwe 20he1444dC rati o g (of exposure at each wei ght PCexPkdiiarzyed
exposure) for different doses. Aratiogqgof 1 indicates that the dose wl|
give the target exposure. A 30ratio<l indicates |ower exposure conpared to

t agI get : Ag/ﬁl%’fcbﬁilé&ne% Rﬂéihg&beérlti@orﬁﬁi gcilfﬁxfalaxpaﬁiéf ei_n’idp]t?ﬁeétﬁlm{vi/itrﬁog\%d\wm I's
I nAl cat e | e Sel ec ( se eve . or eac wel | nterv | .
2011/ 1443PoPEIERRRSTIEH FE0YBIoPEnang gndha seaued desads eI he 4piahdailyr

exposur e dake 8R613. 26 mMgeoedl e AdrGifisteredas Bldderémis Mg tdastesbmeaseg. An AUC
ratio of 1 i ndicat e&gthh he dose wi Il give the target exposure. A ratio<l
u

t t
i ndi cat edYARRRIISERS V@rOEBWﬁ%'Peeﬁq‘{'Y?'?r&}get. A ratio>1 indicates a higher
exposgre than target. Boxed cells indicate the selected dose |evels for
each CL t-off. 5 Figure 13 Illustrates the evaluation qof final PK
onogr am Wi REPrYIPR 203 Esdp GOTBRS KR hese the, Bl 08T dgserst GHCEPationtR vi dual
Ccor ti sol(stafédhastfalocattisehe 2quinBlents) thaeiscaimpisicte 1 Labpd ingeddahéref

i nvention ver ndi vi dual CL in patient =62) _at first ion. b
oy e ot ods P A pRRANS Bhaba smg prabait BB Gttt 1 e Ut SR oK

10nonogr aoanzb My drraeditcdtedg iondbytitdinahg epatbdut 8b iy 6r &5dues0 Rig srasegr am dose
versys predicted CL hased on tt

he PK mpdel L accordi to the invention.
Foul h40ms eera 80 e S Plrdorian Sl ScuebRecaTea Aearodl (pr)
after dosRg degsRIhglpdRthe ee asquaeaehti Nng to the invention. Cbserved mean
cortisol 15concentration versus clock tine and 90% confidence interval (d)
in healthy volunteers (HV). Figure 15 Illustrates the evaluation of PK
nonmogr am Tl dinikistratibn éifthe yathpestiontscordMdGoALIneesRin maypb&angbelge to unit

as possible. a) Predicted indiyvidual] Cc01.tisOl(C6h- 20Coh) after 20 of
t hepcorrpcdﬁs?g%i?r@éero‘l?raf?‘Fg'”'lf‘ﬁglﬁ\{f%‘ ‘il’Jrril/'@ﬁi' BSH‘ I@@féﬁg Sf’ﬁ?fﬁ?/ﬁ%tﬁ)&fer@a( n pa’?ig ents
(n=62p atadnifistratRnCARE 6GMpbYitidry gy B estmiuidéd & duasd acaBlét] sagsulJpillversus

B o SR cha i BB ERT, Bl e AR g 2

Abbr evi atgratemuldlcudbbr evi at es Adrenal I nsufficient or Adrenal Insufficiency
0.d. abbreviates once daily t.i.d. abbreviates three tinmes daily AUC
abbrevi ates Area Under the Curve 30PK abbrevi at es PharnmacoKi netic PD

abbr evi atmgufdsar macoDynanm ¢ CL/ F abbrevi ates oral clearance

20
Figure 1. lllustrates the cortisol concentration (nM) vs. clock time in a typical patient
(80 kg) after 20, 30 or 40 mg total daily dose of hydrocortisone in a composition
according to the invention administered once daily (solid line) or hydrocortisone tablet
(Hydrocortone, Merck Sharp & Dome) three times daily (dotted line, 20 mg; 10+5+5mg,
25 30 mg; 15+10+5mg, 40 mg; 20+10+10 mg)

Figure 2. lllustrates the cortisol concentration (nM) vs. clock time in a typical patient
(80 kg) after 30mg of hydrocortisone in a composition according to the invention
administered once daily or hydrocortisone tablet (Hydrocortone, Merck Sharp & Dome)

30 administered three times daily (30 mg; 15+10+5mg)

Figure 3. lllustrates box-plots of predicted Hydrocortisone in a composition according
to the invention with total AUC based on the final population pharmakokinetic model for
a) individual doses given in a Phase Il/lll study (best clinical practice) and b) doses

35 given by the weight nomogram according to the invention. The box shows the

interquartile range and median.



10V abbrevi ates interoccasional variability OFV abbrevi ates objective
functional val ues 35CV abbreviates coefficient of variation CL abbreviates
cl ear ancewo\W 12Q437 144327PCT/ EP2011/ 002466 32 Exanpl es Refraprenasofasanpl e 1
SThe hydrocortisone conposition used hgyein in a 5 ng or 20 ny dose of
hydrocorti sone has the follow ng constitution; Ingredient Quantity Quantity

St andard anéremu Il kb Rls)box ity of ree%%mydra&irﬁgcﬂwe ifTe/coRipbsitibly dEceding i sone

5.0 20.0 pronel | ose 100 cP gl\/Et hocel K 100) 47.05
to the mventlon W|th total AUC based on the

inal population pharmakokinetic model for
a) individual doses given in a Phase II/lll study (best clinical practice) and b) doses
given by the pharmakokinetic nomogram according to the invention. The box shows the

5 interquartile range and median.

Figure 5. Average cortisol concentrations versus time after PK nomogram doses and

Con=40 nM (typical value) and lower limit in the different Conisol intervals (Intervals 1-6).

10  Figure 6. Average cortisol concentrations versus time after PK nomogram doses and
150<C,<250 nM and lower limit in the different C.orisol intervals (Intervals 1-6).

Figure 7. Average cortisol concentrations versus time after PK nomogram doses and
250<C,<350 nM and lower limit in the different C orisol intervals (Intervals 1-6).
15
Figure 8. Individual simulated cortisol concentrations vs. time after the first dose in the
Al patients in clinical study after hydrocortisone in a composition according to the
invention is given as a) 30 mg + 30 mg 6 hrs post first dose, b) 30 mg + 30 mg 8 hrs
post first dose, ¢) 30 mg + 30 mg 10 hrs post first dose d) 30 mg + 30 mg 12 hrs post
20 first dose, e) 30 mg + 30 mg 8 hrs post first dose + 30 mg 16 hrs post first dose, f) 2 x
30 mg and g) 30 mg + 30 mg 12 hrs post first dose for two consecutive days -

Figure 9. lllustrates the results from the evaluation of optimal sampling time points fro
PK nomograms. As seen from the table the optimal sampling time was found to be 6
25  hours after taking the first blood sample immediately before administering the

composition according to the invention.

Figure 10. lllustrates the AUC ratios (of exposure at each weight level/target exposure)

for different doses. A ratio of 1 indicateé that the dose will give the target exposure. A
30 ratio<1 indicates lower exposure compared to target. A ratio>1 indicates a higher

exposure than target. Boxed cells indicate the selected dose levels for each weight

interval.

Figure 11. lllustrates the CL cut-off values and corresponding Cconisol cut-off values for

35 the final PK nomogram.



41.2 Ph. Eur. Hypronell ose K 4000 cP (Methocel K4M 20.0 24.6 Ph. Eur.
Cellul ose, mcrocrystalline (Avicel PH 102) 100.8 100.8 Ph. Eur. Starch,

pr egel at iwozed/{s&2ar ch 1500) 16.4 16.4 Ph.Eur. Silica ceCcirapdali/oeaabydr ous
(Aerosil 200) 1.0 1.0 Ph.Eur. Magnesiupy stearate 1.0 1.0 Ph.Eur. Opadry II
about 13.75 about 11.0 Col orcon Water, purified*

Figure 12. lllustrates AUC ratio (of exposure at each CL level/target exposure) for
different doses. An AUC ratio of 1 indicates that the dose will give the target exposure.
A ratio<1 indicates lower exposure compared to target. A ratio>1 indicates a higher

exposure than target. Boxed cells indicate the selected dose levels for each CL cut-off.

Figure 13 lllustrates the evaluation of final PK nomogram using final and adjusted
ClLcut-off values. a) Predicted individual Ccortisol (C6h-Cqy) after 20 mg of the
composition according to the invention versus individual CL in patients (n=62) at first
occasion. b) Predicted individual cortisol AUC versus predicted dose based on PK
10  nomogram and c) Predicted individual cortisol AUC after PK nomogram dose versus

predicted CL based on the PK model according to the invention.

Figure 14 lllustrates the simulated mean and 90% prediction interval (Pl) after doses
based on PK nomogram according to the invention. Observed mean cortisol

15  concentration versus clock time and 90% confidence interval (Cl) in healthy volunteers
(HV).

Figure 15 lllustrates the evaluation of PK nomogram using CL cut-off values where
AUC/AUCtarget was as close to unit as possible. a) Predicted individual Cconisol (Cen-

20  Cyy) after 20 mg of the composition according to the invention versus individual CL in
patients (n=62) at first occasion. b) Predicted individual cortisol AUC versus predicted
dose based on PK nomogram and c¢) Predicted individual cortisol AUC after PK

nomogram dose versus predicted CL based on the PK model

25  Abbreviations:
Al abbreviates Adrenal Insufficient or Adrenal Insufficiency
0.d. abbreviates once daily
t.i.d. abbreviates three times daily
AUC abbreviates Area Under the Curve
30 PK abbreviates PharmacoKinetic
PD abbreviates PharmacoDynamic
CL/F abbreviates oral clearance
IOV abbreviates interoccasional variability
OFV abbreviates objective functional values
35 CV abbreviates coefficient of variation

CL abbreviates clearance



about 102 about 107 Ph.Eur. The conpositions described above have in the
case of a 5 ng tablet an anount of 1.25 10ng of the active pharnmaceuti cal

i ngredi enwobydisenorti sone) in the coating and 3.75 ng eCTidPe01a®bI4¥E
pharmaceutical ingredient hydrocortisope) in the core. Furthernore, in the
20 ng tablet the coating has an amobunt of 5 ng of the active pharmaceuti cal
i ngredi engxamprgg ocorti sone) and an anmobunt of 15 ng of the active
pharmaceutical ingredient (hydrocortisone) in the core. 15 Exanple 1.

Popul ati on Phar macoki neti c Mddel ling (POPPK) Popul ati on PK nodel i ng of

Hydr ocor tR&feremceExansiglénosi tion according to Reference Exanple 1 20Corti sol
pl asma/ serum concentration versus tine data was pooled fromthe two studies
in order to provide a dose range of 5-60 ng Hydrocortisone (DuoCort) for PK
nodel sdeve{eiydRstortisone coMbasifdn b [dréifth BISaRgBr 20 igi dugk ofoncent ration tine
data froma WO 201%1@{1@32 PCT/ EP2011/ 002466 33 Phase | study in healthy
vol unt eery9Ecartisaae PaSYE fPIIoWing CoRSILUER: cont ai ned serum corti sol
concentration versus tine data in primary adrenal insufficient patients.
Only dat S diti and_—ana ed—wi -hhoassay—mrethod
were use ase | study. The FRantitym t Aty was
studied in the fasted 5state. The rat gQnghanidj, CQEPMPitdifletpot h patient and
heal t hy vol unteer data was that early analysis of on patient data

reveal ed that sone patients woul d benefmg/uritom a dd’Q@’zFibwer than 20 ny,

based onﬂﬁwﬂvﬁm—dwy
wei ght, dQeaNSHSt i ent variability and A nical target critéfia™ In order

to devel afyptdai¥eiKido PhefREcdlRMEy ans t4y gsncl ude regopmendatrnghs. of a dose
of 15 ng, a POPPK nodel including data below 20 ng had to be devel oped due

t 0 t he nomipramedeset/4W8cPéMetbotehKibavai | aBP1 ity wi t h24.6cr easiftgEudoses.

Bri dgi ng t ween pati ent d .t hy vol ynt eers was ilitat due to the
cormon. do@eg'“me’ Qﬁ?@ysfaﬂm?ﬂgv'qegg'tiéégst at ewafS The dat1é&§ncl udffg]'d'?%' t he POPPK
anal ysi s &thrchYHREAFiLddORRNCBOMOSI tion aggqrding to fef erencengampl e 1 was
venous bl ood collected in 62 patients after oral o.d.(once daily)

adm ni st rSiicacnlloifal arivgdroediAkiositl2002] ease f dr@rul ati on Hyd@r ocort iRvdne. (DuoCort)
at a totg% of 116 occasi ons where serum co(rcentrati ons versua%‘tséne profil es
wer e obt aYFEESUBSHAUE hydrocorti sone dos€ Yange in palients %0-60 ngy
0.d.. Vengugnhl ood was collected for righ @A&sm capeentd ati epof&nsus tinme
profiles in Healthy volunteers (13 subjects included in the POPPK anal ysis)
aft er si nYbhter, poriied’adm ni stration of 5 mgowdne2 20 nyaltkdptit@cor t iRhdne.

conposi t +en—acecordi-ngto—+reference—examptetat—two—di-Herent—random-sed
occasi ons. The endogenous cortisol production in the healthy vol unteers
25was priTHe éodnpgdsiivas desdrived @abon e ihititdcaseadach ng taldetraf amemtef ¢25npl e 1

10  mg of the active pharmaceutical ingredient (hydrocortisone) in the coating and 3.75 mg

of the active pharmaceutical ingredient 'hydrocortisone) in the core. Furthermore, in the
20 mg tablet the coating has an amount of 5 mg of the active pharmaceutical ingredient
(hydrocortisone) and an amount of 15 mg of the active pharmaceutical ingredient
(hydrocortisone) in the core.

15

Example 1. Population Pharmacokinetic Modelling (POPPK)

Population PK modelling of Hydrocortisone in a composition according to Reference

Example 1

20 Cortisol plasma/serum concentration versus time data was pooled from the two studies
in order to provide a dose range of 5-60 mg Hydrocortisone (DuoCort) for PK model

development. One dataset contained plasma cortisol concentration time data from a



adm ni strati on suppressed by adm ni stering betanet hasone. The body wei ght
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30

All cortisol concentration versus time data were simultaneous modeled using a

nonlinear mixed effects modeling approach in NONMEM (version 6.0. ICON

Development Solutions) with the first-order conditional estimation method (ICON,

Hanover, MD, USA; Beal et al. 1989). Different PK models were explored and

35 potentially PK differences between patients and healthy volunteers were described.



35tablets at a total of 364 dosing occasions where serum hydrocorti sone
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Cortisol concentration versus time data after different doses of hydrocortisone tablet

three times daily (t.i.d.) (Hydrocortone®, MSD) in primary Al patients was included in

30 the analysis. All cortisol concentration versus time data from patients were

simultaneous modeled using a nonlinear mixed effects modeling approach in

NONMEM (version6.0) with the first-order conditional estimation method (ICON,

Hanover, MD, USA; Beal et al. 1989). The data included in the POPPK analysis was

venous blood collected in 63 patients after oral t.i.d. administration of hydrocortisone

35 tablets at a total of 364 dosing occasions where serum hydrocortisone concentrations



10 variability in exposure have been taken into account (ie dose and body
weight) there is still a fairly high variability between patients. This
formed t hwohasiim4$20r t he devel opment of the PK nonbgr ampcirmgresi0ocasé onal
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central volune of distribution. Rate of absorption was predicted to be
faster afjyedustiiige profiles eseobhtdined. hhé—hoétﬁraﬁ@érﬁﬂ;ﬁeﬁ@n{sﬁlvésl’@ o0 hey. THeSstal evel s
(0.44 h- 151) Allkelgeéﬁlan Qontot |ffere%§é Sﬁo tion rate at
| ow dosesdqil¥ dP?FeWa?' dwed ap 'Hwae%) M¥enP+ BRI 1P4PE 'BCS cl ass ||
drug (An fhanoesmg| 40L9§52041€RNe hitpenEiven aQ@O@)m doarmore0mealdchyTheol unt eer s,
t he endogenous corti sol pro?g klon was not ullg Osuppressed resulting in
pre- dose RQSY eIt rangs A Y4l o ke Wi aeediar weight of @ kQuanti fi cati on.
Intergstingly, sone patients also had pre-dose cortisol concentrations

i ndi cating residual cortisol production. In order to account for pre-dose
cortisol pepithtion PKibbelletivinsarehévaluppsressed heal thy vol unteers, the
predi cted cortisol concentration was nodell ed as a sum of exogenous

corti sol MU@eITsélebl}tﬂf@@@ﬁédeﬁim’nﬂodj@clivp&mdtlbmnalﬂéﬁ(mW)dWhghtmmlir&fsetwe:ece

exanpl e dmj nistragjion and endo eno cortl S duction. .Th
endogeno&ei%m‘é]g’wd 8&?8@? aFW Qfgpgﬁ%é,g%pgﬁr&%@ffow ?40 and 19
nMin pat predittveashéckeand d;ryenmblpme&ﬂw N@sp@rcthle\m#\yof 384 betvdeantge | | V

(66% ous cortisol |evel ssunes _a _cpnstant baseline
Shi T 1% o TRAELBETT SaRERBPes ppreSe R bR a DB B R (BRS g | nterval
Thi s |s nslstlisuballyeslugmfﬁﬁmalvhsﬂ:af orredtchee pladake ntereldbree inionder tmevaluateake an r hyt hm
is likely t g ﬁ mai n. vever %r t he heal thy volunteer data, the 24 hour
post - doseP EBFYYESS °&’Bﬂ%°een? B¢ M99ekas i n many i ndividuals higher than the
second | ast sanple. Betanethasone was adm nistered with 8 hours intervals.
The effect of dexanethasone is sustained for at |east 24 hours (Hong et al.
2007) andResdtasfhBepuakatiand Pietmodeliagoné Hydeocortisdrer igl ac compositiond
35potncyacordingitareférendehexaypplector t i sone (Li pai et at 1992). However, in
order to describe all 24 hours post-dose sanples in healthy volunteers, 10V
was intr ottHyd@doitlaone/mommuidma&z)?ﬁﬁﬁ/tfﬁﬂé}tMQJMe 3Y RKhie p@rtidmgamdus
cortisol ' [ nt eers
Mo tuo Sotdepesdhedlh o8 ita Bl 08 B33 10 cohaiRshld mbBeb D! 101
post dose withidirst erdeinabSorplian WIthnartdgatlmeZIn tBe dosk ange StE@ahg, H;xe cottigolt eer s wher e

t ted . . di ct
al | data HERSORERTstfip-dsns RonfhoslBBoRung Wt BRer B " o' ©
ci r ca&0 an admyrtistratiom dé¢repsed movt-ineaxly sith indreasing d@wmultﬁ@garﬂmﬁ leslsof t he

putative gont E%o?)g}ti:oﬂg'l Iﬁgrgggeam%xbggﬂg?ﬁlefcfogg‘ i'w Rkl t”lfk@‘yatfl P??&Jc@}ﬁhe £i nal

volunteers 5 over cor i SO
PK nodel dessolutlmxaté)thvdmailgHw ovad [dosese dhs binadaifzdilityywas d@tda:teabﬂol be All dose

10l | At b h
noee, B PR El o B A AL A LIS e AR Y
hydr ocor t irefereac¢ exarhple dl).)A catationabip detvosen oral dhbergrcd, tlmnddiﬁkiaalepredibﬂor | for

f t i .59l . th
oy oot PSP IS Sk S el R P bR 1 @
Hydr ocor t iof heeveighi nnpnwgtairmﬁ\lcaagt)lﬂehntgelanorr leéteeemtigdrogentipres (Lpmansition

Lsconvent LgglinB X3k 5 8htd S 1L3PER! daﬁd(éa}égFe BEPIRORS (Gided lP_lfet fh REfy Shown

in Fig. 1 conve drocorti sone
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30 Differences in cortisol PK after Hydrocortisone (composition according to reference

example 1) administration were estimated between suppressed healthy volunteers and

patients using the population PK modelling approach of PK data from the Phase | study

Phase Il/lll study. Oral clearance and volume of distribution of the central compartment

were estimated to be 17% and 30% lower, respectively, in suppressed healthy

35 volunteers as compared to patients. Hydrocortisone is a low extraction drug
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35 potency as compared with hydrocortisone (Lipai et at 1992). However, in order to

describe all 24 hours post-dose samples in healthy volunteers, IOV was introduced in
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nonogram can i nprove i ndividualised dosing in Al patients w thout residual
endogenous cortisol concentrations or who have endogenous 30corti sol
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25  weight. The relationship between weight and CL/F has been reported earlier and a
weight nomogram for hydrocortisone tablets has been described (Mah et al. 2004). No
significant relation between Hydrocortisone (composition according to reference
example 1) PK and age, renal function (MDRD) or gender was supported in the
POPPK analysis. The hydrocortisone versus time profile in a typical patient with 80 kg
30 after a total daily dose of 20, 30 and 40 mg is shown in Fig. 1. The maximal
concentration during the day after the same total daily dose is predicted to be
approximately similar for Hydrocortisone (composition according to reference example
1) and hydrocortisone tablets. However, the total AUC is lower after Hydrocortisone
(composition according to reference example 1) compared to the same dose of the
35 hydrocortisone tablets, which is most likely due to the lower bioavailability after

Hydrocortisone (composition according to reference example 1) compared to



5 Estimation of cortisol concentration cut-off values for the PK nonbogram
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nomogram,.j hdi vj dugl. doses were derived. The correspondi ng AUCs based on
d9eeW F%%%@gﬁerﬂmﬂ} amwere thereafter derived (Figure 13b). As can

the ddses'f
be seen in Figure 13c, no 25trends were seen in AUC versus CL indicating
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what are predicted on average based on a weight. The final weight nomogram is

shown in Table 1. Due to the nonlinearity in bioavailability, the increase in dose from 30

to 35 mg is compensated to a large degree by the nonlinear decrease in bioavailability.

Due to the linear relationship between oral clearance and weight, the 35 mg dose does

30 not provide sufficient exposure in the weight span 85-89 kg (ratio below 1). A 40 mg

dose for this weight span would be indicated given the simulations and would result in

the weight nomogram not including the 35 mg dose. However, due to safety reasons

and in order to include a 35 mg dose, the 35 and 40 mg doses were selected for the

85-89 kg and 290 kg weight span, respectively.

35
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The results show that the weight nomogram can improve individualised dosing in Al
patients without residual endogenous cortisol concentrations or who have endogenous
30 cortisol concentrations as low as <150 nM. However, a PK nomogram will further
improve the individualisation of dosing due to between patient variability in oral

clearance and remaining endogenous secretion that may occur in some patients.

Development of PK nomogram

35  Evaluation of optimal sampling times for PK nomogram
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ecrease in CV in AUC using a PK nomogram and one dose individualisation occasion
25 was an improvement compared to the doses given by clinical practice and the weight
nomogram wherefore the additional gain in using more than one dose individualisation
occasion was judged to be minor compared to the unpractical issues. Only one sample

occasion is suggested.

30 Dosage recommendation based upon PK measurements

The highest precision in CL/F was found using a 6 hours sample as compared to 2, 4 or
8 hours. Pre-dose cortisol levels were estimated in 15% of the patients in study DC
06/02 Part A indicating some remaining endogenous cortisol production. Two blood
samples need to be drawn to derive the dose from the PK nomogram in order to account
35 for putative pre-dose cortisol levels. Therefore, the procedure for deriving an individual

dose based on the PK nomogram is as follows:
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15  The Ceuisol Value will be an indirect measure of the individual oral clearance. Depending

on the level of endogenous cortisol level, the dose might be adjusted compared to
patients without endogenous cortisol levels. The PK homogram gives doses for patients
with residual endogenous cortisol levels in the range 150-250 nM and 250-350 nM.
These doses are lower than doses suggested for patients with endogenous levels below

20 150 nM given the same oral clearance (Coniso). The endogenous serum cortisol
concentration intervals suggested in the PK nomogram are based on that all but one
Addison patients in clinical trials had baseline cortisol levels below 150 nM and that the
value of cortisol replacement in individuals with levels above 350 nM is most likely
small. The range in baseline endogen cortisol levels in patients with partial insufficiency

25 is most likely to be below 350 nM in most individuals (Agha et al. 2004). The serum
cortisol concentrations for endogenous interval suggested in the PK nomogram are
also of clinical significance. Patents with early morning serum cortisol concentration (7-
9 AM) below 100 nmol/l have most likely adrenal insufficiency and any further testing or
evaluation is often not necessary if the clinical picture is clear. On the other hand,

30 patients who have morning serum levels between approximately 100 and 350 nmol/l
will need further testing and clinical evaluation before it can be determined whether
they need daily life-long glucocorticoid replacement therapy.

The median in AUC predicted by the PK nomogram due to drug administration was
2620 h*nM. The 10-90% interquantile range in AUC was 1766-3388 h*nM using the PK
35 nomogram. The CV in AUC was 26% after the PK nomogram in comparison to 37%

and 35% when doses based on clinical best practice or weight nomogram was used.



5 a wei ght nonogram Dose (ng) Body weight (kg) 15 55-59 20 60-69 25 70-79
30 80-84 35 85-89 40 90-100 and wherein the dose is the total daily dose
of hydr ocwotosines2ro be adm ni stered and t he body wei ghtrcirg&pdie/obmdywei ght
of the subject, 10 and/or a pharnmacokigetic nonogram Coil 5150 nM 150<
Coil 5250 nM 250< Cot, 5350 nM Ccortisd (nM Dose (ng) Dose (m)

Hence, the PK nomogram decreased the between patient variability in exposure
compared to both doses based on clinical best practice and the weight nomogram (Fig.
4).

5 10V reduces the power for a single plasma concentration to predict CL/F and thereby
AUC. However, IOV was estimated to be less than IV for CL/F wherefore a PK
nomogram still is powerful. IOV was estimated to be larger than IV for central volume
of distribution but this will have minor impact at a 6 hr sample where IOV in CL/F will
dominate. In order to evaluate the impact of IOV on the PK nomogram, the CV in AUC

10  when only one test dose was given was compared to perfect information which would
be if one could give a test dose at each occasion. When the dose was individualized
based on a test dose of 20 mg at each occasion, the CV in AUC was 19.4 % as
compared to 25.7% for one occasion. The decrease in CV in AUC using a PK
nomogram and one dose individualization occasion was an improvement compared to

15  the doses given by clinical best practice and the weight nomogram wherefore a the
additional gain in using more than one dose individualization occasion was judged to

be minor compared to the unpractical issues. Only one sample occasion is suggested.

Only one patient in the clinical study had endogenous cortisol levels above 150 nM.

20 Hence, the accuracy of the PK nomogram for patient with residual endogenous cortisol
levels above 150 nM could not be validated using observed data. Instead a typical
patient for each endogenous cortisol interval and Cconiso lower limit was simulated and
the cortisol profile was compared visually to a typical patient profile with endogenous
cortisol levels (40 nM) (Fig. 5). For each of the C,niso lower limits in each of two

25 intervals 150-250 nM (Fig. 6) and 250-350 nM (Fig. 7), there was a good agreement
between cortisol profiles after adjusted doses for patients with endogenous cortisol
levels and profiles in non-adjusted doses in patients with endogenous cortisol levels
<150 nM (Fig. 5).

30 Evaluation of optimal sampling times for PK nomograms

This was done by using observations from one rich sample occasion in the 62 patients
in a Phase [I/lll study. The final PK model was used to re-estimate the individual PK
parameters based on the final PK model for these different situations:

35 - All observed PK sampling points

— Pre-dose plus at 2 hours post-dose



Dose (ng) *198 15 10 5 197-161 20 10 5 160-141 25 15 10 140-115 30 15 10
114-97 35 15 10 <97 40 15 10 WO 2011/144327PCT/ EP2011/ 002466
WO 2011/144327 PCT/EP2011/002466
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— Pre-dose plus at 4 hours post-dose
— Pre-dose plus at 6 hours post-dose
— Pre-dose plus at 8 hours post-dose
The individual Bayes estimates for CL/F of patients using all observed PK sampling
5 points was used as reference value (CLy,.). For each individual and situation above,

CL/CLn was derived, wherein the x stands for the hours passed post-dose as seen
above (2 hours, 4 hours, 6 hours and 8 hours). The precision in CL/F for each sampling
time point (2, 4, 6 or 8 hours) was calculated as the coefficient of variation (CV) of all
CLue/CLyir values. A ratio of CLywe/CL: = 1 would indicate that a sample at x hours

10  would be as good as a full rich PK profile. The optimal sampling time was found to be 6
hours post-dose as the coefficient of variation (CV) was found to be the lowest at this

interval and amounted to 11% (cf. Fig. 9)

Dosage recommendation during intercurrent illness

15  The phase ll/ill study and the phase IlIB study provided safety information about
intercurrent iliness regimens of doubling the maintenance dose from once daily to twice
daily. Pharmacometric simulations can therefore provide additional information needed

to suggest intercurrent illness regimens.

20  Simulations of intercurrent illness regimens showed that giving an additional dose at
8+2 hours after the first morning dose resulted in slightly higher peak concentrations for
the second dose but still fairly low concentrations during the night (Fig. 8a-c). This
regimen is therefore recommended for milder clinical conditions, e.g., minor surgery or
low-grade infection. Giving three daily doses of Hydrocortisone (composition according

25 to reference example 1) with 8 hours intervals resulted in no accumulation after the
third daily dose compared to the second and with cortisol levels during the night as well
(Fig. 8d). This regimen is therefore recommended in more serious conditions.
Increasing the oral dose but keeping the o.d. regimen does not provide sufficient cortisol
coverage in intercurrent iliness conditions (Fig. 8e). The simulations of intercurrent

30 illness was made with 30 mg but the conclusions are valid for the other dose levels as
well since the accumulation and time to steady state is only dependent on the terminal

half-life which is dose-independent.

35



48 and wherein the dose is the total daily dose of hydrocortisone to be
adm ni stered and wherein the Ccortisol(nM is the difference in serum
cortisol woneaniyiati on between 6 hours post-dose and prectaperiasoddeé i ned
herein. 5 2. A conposition for use acgording to claim1, wherein the
conposition is a dual conposition which conprises an inmredi ate rel ease part

and an experefaitesel ease part. 3. A conposition for use according to any
of the preceding clains, wherein th atio of 10t he_glucocorticoids in the
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biopharmaceutic drug classification: the correlation of in vitro drug product dissolution
and in vivo bioavailability. Pharm Res. 1995;12:413-20.

Hong Y, Mager DE, Blum RA, Jusko WJ. Population

30 pharmacokinetic/pharmacodynamic modeling of systemic corticosteroid inhibition of
whole blood lymphocytes: modeling interoccasion pharmacodynamic variability. Pharm
Res. 2007;24(6):1088-97.

Liapi and Chrousos, 1992. Glucocorticoids. In: Jaffe SJ, Aranda JV (eds) Pediatric
35  Pharmacology, 2nd Edition, WB Saunders Co, Philadelphia, pp. 466-75.



1511. A conposition for use according to any of the preceding clains,
wherein the conpositionis in formof a solid dosage formincluding a

tabl et orweompmude. 12. A conposition for use accordi ngctr@paony/oofscs he
preceding cl ains wherein the conpositign is according to the table bel ow 20
Ingredient Quantity Quantity Standard (5 ng tablet), ng/unit (20 ng

tabl et), vWeite!nK &t allNEHeRSIQFibi $PMGated AddlRoR's Bitelbs: . a plepictibk) basadé-100 cP

Met hocel K 100 47.05 41.2 Ph. Eur IIos 000 cP (Methocel K4M
(20 0 24. G“WPPQSGreve@eMﬂ 6&@""0 i Qﬂ%%ﬂi #nieP- (1A9|ﬁ8 PH 102)

10

15

20

25

30

35



100. 8 100.8 Ph. Eur. Starch, pregelatinized (Starch 1500) 16.4 16.4 Ph. Eur.
Silica colloidal anhydrous (Aerosil 200) 1.0 1.0 Ph. Eur. Magnesium stearate
1.0 1.0 RyoBury14@eadry |1 about 13.75 about 11.0 Col or ceaTi#b@noopusi fi ed*
about 102 about 107 Ph.Eur. WO 2011/ 144327PCT/ EP2011/ 002466 50 the coating
has an amount of 5 ng of hydrocortisone and an anmount of 15 ngy of

hydr ocortgigiihe i n the core.

1. A glucocticoid composition for use in glucocorticoid replacement therapy by oral
administration once daily in the morning of the composition in a dose equivalence to
hydrocortisone according to the nomograms selected from

5 a weight nomogram;

Dose (mg) Body weight (kg)
15 : 55-59

20 60-69

25 70-79

30 80-84

35 85-89

40 90-100

and wherein the dose is the total daily dose of hydrocortisone to be administered and
the body weight is the bodyweight of the subject,
10

and/or

a pharmacokinetic nomogram;

Con 150 nM | 150< Cy, £250 nM | 250< Cq, <350 nM
Ceorisol (NM) | Dose (mg) Dose (mg) Dose (mg)
2198 15 10 5
197-161 20 10 5
160-141 25 15 10
140-115 30 15 10
114-97 35 15 10
<97 40 15 10

15



13. An inproved nethod of treating glucocorticoid deficiency,
conprising Sadm nistering to a subject
conposi t iwo 28cie@nskrng to any of clains 1-12.
i ndi vudual i sed dosing of glucocorticoigs, the nethod conpri sing;

t he met hod
I n need thereof a glucocorticoid
14. A net lpot/Hros11@e1466/i NG an
10i) A

bl ood sanple is taken prior to adm nistering a dose of a glucocorticoid

fromthe subject at fasted state, ii) An oral test dose of 20 ng

hydr ocorti sone or rocorti gui val i s adm ni stered subj ect,
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Exactly 6 h g dose, s 2@ bl ood sanmple is withdrawn fromthe
subj ect Qf'? rﬁrﬂoé%?? ] fR%ntration is deternmined in the two
sanpl &s as stated under i) and iii) by an |nnunoassay nethod v) The
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based on

t he derived Ccortisol and Coll values and the PK nonogram

according to the table below Coh 5150 nM 150< Coil 5250 nM 250< Coi
nM Ccor t i VA {amosiiondor(use actirding targny dlase pfetgding tRéng, whitkidbthk3dticléfl 20 10

10

15

20

25
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35

the glucocorticoids in the composition between the immediate release part and the

extended release part is in range from about 1:1 to about 0.01:1.

4. A composition for use according to any of the preceding claims, wherein the
composition is administered in form of an oral dosage, wherein from about 15 to about
35% wiw of the total amount of the glucocorticoids is immediate released upon
administration and the remaining part of the glucocorticoids is modified released during

a time period of at least about 8 hours such as at least about 12 hours.

5. A composition for use according to any of the preceding claims, wherein the one or
more glucocorticoids is/are administered in form of a single-unit dosage form
comprising a core containing the extended release part of the glucocorticoids and the
core being coated with the remaining part of the glucocorticoid and wherein the coating

is the immediate release part.

6. A composition for use according to any of the preceding claims, wherein the
administration of the once daily dose is supplemented with one or more further doses
of glucocorticoids and may further be twice daily or 3 times daily or 4 times daily or 5

times daily or 6 times daily.

7. A composition for use according to claim 6, wherein the administration is e.g. oral or

parenteral.

8. A composition for use according to any of the preceding claims, wherein the time
interval between any consecutive administrations is e.g. about 2 hours or more, such
as e.g. about 3 hours or more, such as e.g. about 4 hours or more, such as e.g. about

5 hours or more, such as e.g. about 6 hours or more, such as e.g. about 7 hours or

5350



5 160-141 25 15 10 140-115 30 15 10 114-97 35 15 10 <97 40 15 10 51 15. A
nmet hod according to claim 14, wherein the oral test dose is according to
t he t abl ewbebow443271 ngredi ent Quantity Quantity PCT/EP2011/002466
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more, such as e.g. about 8 hours or more, such as e.g. about 9 hours or more, such as
e.g. about 10 hours or more, such as e.g. about 11 hours or more, such as e.g. about

12 hours or more independently of each other.

5 9. A composition for use according to any of the preceding claims, wherein the total
daily dose of glucocorticoids are e.g. about 15 mg or about 20 mg or about 25 mg or
about 30 mg or about 40 mg or about 50 mg or about 60 mg or about 70 mg or about
80 mg or about 90 mg or about 100 mg or about 150 mg or about 200 mg.

10  10. A composition for use according to any of the preceding claims, wherein the
administration can be any combination of different unit dosages such as e.g. a
combination of any number of dosage forms containing a 5 mg dose and/or any

number of dosage forms containing a 20 mg dose.

15  11. A composition for use according to any of the preceding claims, wherein the

composition is in form of a solid dosage form including a tablet or a capsule.

12. A composition for use according to any of the preceding claims wherein the
composition is according to the table below
20

Ingredient Quantity Quantity Standard
(5 mg tablet), (20 mg tablet),

mg/unit mg/unit
Hydrocortisone 5.0 20.0 Ph.Eur.
Hypromellose K 100 cP (Methocel K 100) 47.05 41.2 Ph.Eur.
Hypromellose K 4000 cP (Methocel K4M) 20.0 246 Ph.Eur.
Cellulose, microcrystalline (Avicel PH-102) 100.8 100.8 Ph.Eur.
Starch, pregelatinized (Starch 1500) 16.4 16.4 Ph.Eur.
Silica colloidal anhydrous (Aerosil 200) 1.0 1.0 Ph.Eur.
Magnesium stearate 1.0 1.0 Ph.Eur.
Opadry Il about 13.75 about 11.0 Colorcon
Water, purified* about 102 about 107 Ph.Eur.

and in the case of a 5 mg tablet an amount of 1.25 mg of hydrocortisone is in the

coating and 3.75 mg of hydrocortisone is in the core, and in the case of a 20 mg tablet



Standard (5 ng tablet), ng/unit (20 ng tablet), ng/unit Hydrocortisone
5.0 20.0 Ph. Eur. Hypronell ose K 100 cP (Methocel K 100) 47.05 41.2 Ph. Eur.
Hypr onel Iweeoti/4e20 cP (Met hocel K4M 20.0 24.6 Ph. Eur. pCeldradiome2466

m crocrystal line (Avicel PH102) 100.§,100.8 Ph. Eur. Starch, pregelatinized
(Starch 1500) 16.4 16.4 Ph. Eur.

the coating has an amount of 5 mg of hydrocortisone and an amount of 15 mg of

hydrocortisone in the core.

13. An improved method of treating glucocorticoid deficiency, the method comprising
5 administering to a subject in need thereof a glucocorticoid composition according to

any of claims 1-12.

14. A method for deriving an indivudualised dosing of glucocorticoids, the method
comprising;
10 i} A blood sample is taken prior to administering a dose of a glucocorticoid from the
| subject at fasted state,
ii) An oral test dose of 20 mg hydrocortisone or hydrocortisone equivalent is
administered to the subject, wherein the oral test dose is the first dose of
hydrocortisone or hydrocortisone equivalent administered during that particular day
15 iii) Exactly 6 hours post-dose, a second blood sample is withdrawn from the subject
iv) The serum cortisol concentration is determined in the two samples as stated
under i) and iii) by an immunoassay method.
v) The difference in serum cortisol concentration (Ccoriso= Ceh -Con) between 6 hours
post-dose (Cgp) and pre-dose (Coqn) is derived
20 vi) The individual once daily hydrocortisone or hydrocortisone equivalent dose is
derived based on the derived C oniso and Cqp, values ahd the PK nomogram according

to the table below

Conh €150 nM | 150< Con £250 nM | 250< Cq, <350 nM
Ceorisol (NM) | Dose (mg) Dose (mg) Dose (mg)
2198 15 10 5
197-161 20 10 5
160-141 25 15 10
140-115 30 15 10
114-97 35 15 10
<97 40 15 | 10




Silica colloidal anhydrous (Aerosil 200) 1.0 1.0 Ph. Eur. Magnesium stearate
1.0 1.0 Ph. Eur. Opadry Il about 13.75 about 11.0 Col orcon Water, purified*
about 102wehkout14427 Ph. Eur. and in the case of a 5 ny rablEProlanommeunt of
1.25 ng of hydrocortisone is in the cogting and 3.75 ng of hydrocortisone
Is in the core, and in the case of a 20 ng tablet the coating has an anount
of 5 ng of hydrocortisone and an anount of 15 ng of hydrocortisone in the

core.
15. A method according to claim 14, wherein the oral test dose is according to the table

below
Ingredient ' Quantity Quantity Standard
(5 mg tablet), (20 mg tablet),
mg/unit mg/unit

Hydrocortisone 50 20.0 Ph.Eur.
Hypromellose K 100 cP (Methocel K 100) 47.05 41.2 Ph.Eur,
Hypromellose K 4000 cP (Methocel K4M) 20.0 246 Ph.Eur.
Cellulose, microcrystalline (Avicel PH-102) 100.8 100.8 Ph.Eur.
Starch, pregelatinized (Starch 1500) 16.4 16.4 Ph.Eur.
Silica colloidal anhydrous (Aerosil 200) 1.0 1.0 Ph.Eur.
Magnesium stearate 1.0 1.0 Ph.Eur.
Opadry I about 13.75 about 11.0 Colorcon
Water, purified* about 102 about 107 Ph.Eur.

and in the case of a 5 mg tablet an amount of 1.25 mg of hydrocortisone is in the
coating and 3.75 mg of hydrocortisone is in the core, and in the case of a 20 mg tablet
the coating has an amount of 5 mg of hydrocortisone and an amount of 15 mg of

hydrocortisone in the core.



