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Mast Cell Stabilizers for Treatment of Hypercytokinemia and

Viral Infection

Statement {;i B‘*‘n{mh

g g g g g g v

refemc o hn n

Field of the Invention
{60021 The present invention relates to methods for treating hypercytokinemia and viral

urfections and other disorders associated with hypercylokinemia using a mast cell stabilizing

-C‘Glfﬂ-;p(mil'iﬁs @}:iﬁ-Ofi’i&HEJ?iﬂi c-:omhiiz;aﬁm mﬂmnu iiviral agmi or other therapeutic agent. Ehe

agents, opfmnmlv with an antwuui agent or other therapeutic agent.

Safﬁafrmmd of the Invention

T T e T T T T _xv\\gw_\t“ckx‘gwaz&x“xtmwm

{0003} Mast cells are a nnique hematopoietic cell that is resident only in tissue and not in

the blood stream. They are sentinels, constantly on the lookout for invading organisms, toxic
molecnles and tissae damage. When mast cells encounter such pathogens or damage, they
release a flood of mediators: these mediators are a mux of small molecule effectors (such as

histamine), proteases. hipid-derived signali ing molecules (prostaglanding) and cytokines. The

process of releasing these mediators is generically termed “degranuiation.”

18004} The release of mediators via degranulation results in the recrufiment of a wide

Vfi*lCi\r of immune cells to the site of mediator release to ilg;,m the offending intruder. This

process also induces localized inflammation 1o restrict the movement of any infection

toxin. A controlied inflammatory response to foreign bodies enables the body to prevent the

spread of toxins to neighboring tissues, Hmiting -dm‘ﬁ.a to one area and is desirable, Once

the toxin has been neutralized, the normal course is for the body to ’“if.?fiil" an sctive rexolution

of inflammation response (ROI\ Ihz%rc‘m{%mmz,g s of recruited ymmune cells from the

{6005] In sowe cases, this nmmai course of a {:‘raperﬁmai inflammatory response, followed
by resolution is not tollowed. This can result in either a chronic state of inflammation or an
overly robust mediator response that is out of proportion to the invading event. The latter

scenano has been termed a “eytokine storm™ or hy perey tokingmia. An extremely high level
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of mflammatory cytokines and mediators that is not resolved is harmild to the host and can

result in death, especially it the run-away response occurs in the lungs. The most damaging

ai<pccm and wmmoms of many giseases are a direct result of ‘13. PETCY ytokinemia, as (mposcdf

~~~~~~~~~

§{§*}{}i}6} Cm‘re nt treatments for conditions that induce hvpercytokinemia do not generally do
<1m{’fnf* 1o ameliorate the ongoing production of inflammatory mediators that pcrpe uate this
condition. These conditions are usually {reated by interventions that target the pathogen

maucing the response or by using anidgu*mtb to one specific inflam matory mediator. While

i 15 crttical for the “m}mg,‘em 10 be neutralized, in most diseases that induce

hypereytokinemia, the problem is not the pathogen, but rather the body’s overly robust

response to the pathogen by a dozen or more. vuhnﬂmamry mediators.

w»

0671 Nevertheless, down regulating the imnune system is not enough on its own to treat
these conditions. In fact, there is evidence in some cases suggesting that tmdtzm patzems
with corticosteroids to reduce inflammation increases mortality. Corticosteroids are very
powerful down regulators of the innate and adaptive immune system.  “Turning off” all
aspects of the tminune response d;uring an infection does not allow the clearance of the
paihcgm Thas, a balance must be struck between an mfcriy robust inumune response and too

§é}{}€}83 Influenza virgses are a related series of vin uses in the Orthomyxoviridae family.

Thres ¢ types have been described ( f.ii?‘ypes A B oor € and all are ne S 1VE~SENSe, aegr’?smcd

type A being the canse of more severe disease. T’*"JL A "v-ifmses:?: Are nozrimaﬂyf.und m w,jiic’{
birds and only rarely cause disease in their host. Influenza A subtypes routinely cause waves
of human influenza discase across the globe with far reaching health and economic
consequences.  In the US, approximately 30.000 people die each year from flu or
complications resulting from influenza infection. The estimates on economic impact in the

LS are greater than $80 billion/vear in divect medical costs and lost work, Influenza Lmalh

{4}9{3’*}? Influenza induces a rapid cytokine response in humans, usually detectable within

ficld and has been ::d.ot:t:;.nmm‘tﬁd ACross many au“urcm S’f?ﬁi’fﬁiiz‘;;‘s of nﬂucnm Wimt LS
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strain and the imdividual. For instance, most v yearly cases of influenza are caused by the
HINT strain. While many people are mfmm the severity of the discase ranges from no
symptoms fo death. In a normal HINI seasonal flu season in the US, about 20% of the
population are sickened (60 million peoplei 200,000 of those are hospitalized and about

30,000 people die cach year (abont 0.05% wmortality),  In outbreaks Invelving highly

I

pal hoga,mc sirains of the virus (H"»\I I for instance) 20% to 60% of the cases are fatal. E’s’nm

severe or fatal disease is ;?‘-ifhf;:; Same Wi tr'z o 1}161" Sﬁl‘aii} . the dan EErous i;‘s H }:r‘c::@;:iige_ .ha:%.fie-

extremely high levels of cytokines, regardless of viral strain. Thus, the problem is not really

the virus itself, but rather the bodv 3 response to the virus. In move virulent strains, a larger

proportion of people will experience hypere wm{memia How

i )

ever, this hypercytokinemia is

no different than it is in the small proportion of people that experience the same symptoms

irulent strain.

;{;{}.e}mg. M.a;st s::ei{iﬁ stahilizers sug;h as I\em‘*ﬂm az*d, :'c._zifs:;.m'z:}i}ﬁn -( S0 j&imm cmrmglthe) we

histamine, tumor necrosis factor (IN?)%X pwstagi andzm} lmk@trimnfe 5, interleuking and other

eytokines. These effects may not be limited 1o ?naa.-,i g:-_@é’liﬁ» and might have a broader effect of

bodies i‘m”n the boch to confinue C\SLI"“EIdi 'y as normal. Both Qf these mmpounds are used 1o

treat chronic conditions. Cromolyn was discovered and used as an inhaled treatment for
asthma. Ketotifen was discovered as an H1 antthistamine and is used ext ensively in eve drop
formulations to teat eyve inflammation. It was also developed as an oral treatment for
asthima, although this seems to fake several weeks for it 1o have significant impact on chronic
‘asthma, Ketotifen and to a lesser extent « mn‘{)iw liave heen shown 1o increase survival of
mice in a model system of influenza infection (Hu er @, Mast Cell-Induced Lung Injury in
Mice Infected with H3N1 Influenza Virus, J. Virol 86(6):3347 (2012); Han e al, The
t}wra;':eum offects of sodium cromoglycate against infloenze A virus HSN1 in mice,
Influenza and Other Respivatory Viruses 10¢1):37 (2016). In the case of ketotifen, it was
combined with oseltamivir and the impact on survival was increased when the compounds

were combined.

and mm}wodw for treating Iﬂymmytz}kimn‘na and disor s:k,;c: associated thucmth
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summary of the Invention

{0012} '"The present invention relates to the development of treatments to down regulate

hypercytokinemia in order to intervene successfully in cases of cytokine storm. The present
mvention provides a more effective way to aid the body in balancing inhibition of an overly
robust fmynune response and providing too little of a response to provide a treatment that

allows hoth pmblemk to be addressed: the iniial condition that the b c;h« 18 reac tmgm (re

b

egime that down Lef,ula‘ies the inpate immune sysiem anc., a;lim‘xﬁfgs the ;a;da;pitive immune

q.,,

E(Bé} RSE A:c{:{?}rdﬁiﬁ giy as one aspect, the invention provides a method of treating,

amelioraling, or preventing hypercylokinemia in a subject in need thereof, comprising

administering to the subject a itherapem1.-@;3.-1}5}* effective or preven*mn effective amount of a

mast cell  stabilizing wmpound thereby éiifﬁr&ting? ameliorating, or pru«emmg the

<u=~;;cm an additional wuapemltagfdm é. g At ammrdl agent.

{0614] The invention further relates to a method of treating, amecliorating, or preventing a
viral mfection associated with hypereytokinemia in a subject in need thereof ﬁcf;)jnfgpris;iﬂg?
administering to the subject a therapeutically effective or prevention effective amount of a
mast cell stabilizing compound, thereby tfreating, azmmmmg Or plmmtmg the wviral
infection, In some embodiments, the method further comprises administering to the subject
an additional therapeuntic agent, e.g., an antiviral agent,

[0015] The invention further relates to a method of treating, ameliorating, or preventing a
disorder assoctated with }wperwmkmmm in a wb;e 1 need thereof, comprising
mast c@ii s‘t‘&bmmng compam:uiﬁ,'th;,rcav treating, amelior: ﬂmg or prmff:nili‘“* the disorder. In
some embodiments, the method further comprises administering to the subject an additional

therapeutic agent, e.2., an antiviral agent,

'-

[0016] The invention further relates to a method of ireating, ameliorating, or preventing a

X

fever in a subj ject in need ifihﬁir‘m?ﬁ comprising administering to the subject a therapeutically
effective or prevention effective amount of a mast cell stabilizing compound, thereby

freating, ameliorating, or preveniing the fever. In some embodiments, the method further
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agent.

{ﬁiii‘?‘} The invention also relates to a phdnnacwt*aai {:ompuail On Lot 11‘}!131115, norketotifen

ketotifen, an f;f;i:s:'iiti;_ognal thcmpc_. uiic @ gen_tg -fz_md.- a phmmaemuuh a;::-c;eptah Ef:: carrler.

{96195 Thﬁ* liwimn urther relates to dosage forms comprising the pharmaceutical

specﬁ‘imte;m set forth below,

Brief Description of the Drawings

8211 Figure 1 shows predicted serum levels of ketotifen in a %b ct during several

different dosing regimens,

i}e‘imiﬂi "’s‘)mcr; ¥ 34

{0022} The present invention can be w}bo«. ie.ci‘ in z,diffm*mt forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are

provided so that this disclosure will be thorough and Q:Gln?lﬁéf@, and will | uhy convey the

respect to one ewmbodiment can ha incorporated into other mﬂbcdmmlts and f‘?@atureg

..:q.

itlustrated with respect to a pmftim}lagr cmbodiment can be deleted from that embodiment. In

addti;{m mumerous variations and additions to the embodiments suggchied herein will be

apparent 1o those skilled in the art in light of the mstant disclosure, which do not depart from

the ingiant invertion.

{0023} Unless otherwise defined, all technicsl and scientific terms used herein have the

same meaning as commonly understood by one ol ordinary skill i the art to which this

invention belongs. The ter mlmiog} used in the description of the invention herein is for the

PHIBosE of de suibmg articular embodiments only and is not intended to be lim aimp of the
invention.

[0624] Unless the context indicates otherwise, it is specifically intended that the various
teatures of the mvention deseribed herein can be used m any combination,

{38251 Moreover, the present invention also ccni-:.,mpiatc:, that 1 some embodiments of the

invention, any feature or combination of features set forth heremn can be excinded or omitted,
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{80261 Lo Hiustrate, it the specification states that a complex comprises components A, B
and O, i 1S ‘Jpchz,ﬁ{.allv intended that any of A, B or €, or a combination thereof, can be

omitted and disclaimed sin guiar*iy or i any combination,

[%2’? All pf%;ibh mm& patent J'ﬂiﬁhbdtl@ﬁ Qﬁ.‘fentsg and other references mentioned herein

;@4}2?%2 fﬁs% 'u:sed, mrﬁm ""&_,f” “an,” or “the” can mean one or more than one. For example,

s.C 5”‘

" cell can mean a single cell or a multiplicity of cells.

(BU29]  Also as used heremn, “andior” refers to and encompasses any and all possible

combinations of one or more of the associated listed i em:, as well as the lack of

[6630] Furthermore, the term amut,’a& used herein when referring ‘&:, to a roeasurable value

such as an amount of a compound or agml of this inve

ot the spes

{0031} ‘The term “consists essentially of” {and grammatical variants), as applied to the
-{}-{}-’iﬁ’i},p?.'}Si"izifi‘i’?ls: of this mvention, means the comp osition can contain additional com ponents as
long as the additional components do not materially alter the composition. The term

'*"“mawi*iaii-j[}{ .f?i;!‘terfsdﬁ“‘- 13 appd lied fo a wmpmsn on, relers 1o an increase or decrease in the
dfﬁctmmss of a ;CQER}’}QS;I&Q:’E ;cm};sistif;a;g of the recited components,
fﬁ@ﬁ} B‘v the termis tacai ""tlo'a"(l"’lg:?'ﬁf “treatment of” (and gramime atical variations

thereot) it is meant that the sevenity of the syl a;ﬁe;{:it'j?‘ condition 1s reduced, at imstpwizaﬁ

or disorder.
{833} "I‘he tei,msw;pre-\fent;‘?C*i}r;ﬁ\;gilting&?‘ a‘s"lﬁ prb KJ' ‘(‘ill ‘;}r\ (a ﬂd .;vf-&rwnwul 1{ I CZ’.};\ % E'j.?ii’l[j_(}ils

"i?‘ierﬁzé‘:}f} rdw to pmmtmnmdfm dcim of fhcz onset of a diSCBse d:-;s:arc’ém 'mdof a 01 ‘n_ﬁi?caf!;

invention. The prwentirm can be complete, e. g, the total absence of the disease, disorder

and/or :eiiﬁni‘cai:_sympimn(-s?};; The prevention can also be {mmal such that the occurrence of

and/or the time period of symptoms is lesa l}*,;m what would occur in the absence of the
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present mvention.

{0034] A “treatment effective” or “therapeutically effective” amount as used herein is an

f&.li.ternaﬁv&fti stated, a “treatment effective” arr‘c:-umm ar amount that will -;p;z:{,w,iz.ie some

......

) A% some bex fit is provided 1o Thbsubjeit

s

mmp},@fte .-:;}iri-mrf-:ttizi;se; as fon

[8035] A “prevention effective™ amnount as used herein is an amount that is sufficient to
prevent and/or delay the onset of a disease, disorder and/or clinical symptoms in a subj i‘:Ci
and/or o reduce and/or delay the severity of the onset of g disease, disorder and/or clinical
symptoms in & subject relative to what would occur in the absence of the methods of the
invention. Those skilled in the art will appreciate that the fevel of prevention need not be
complete, as long as some benefit is provided to the subject,

{00361 As 'used.};}emim_the;'tt%:rm.;‘“"ih’},jpmf{:{}fmkfiﬂamiaﬁ,@-” cal’w(}kz Wn asa U tokine storm”™ or

......

~'£3-}fmkifi'if:;5; During hyper cy*oiq nemia, the serum :.illﬁfﬁi‘ organ hh vels omem MOre L};tokuw

may be elevated, 2 g, at least 3-fold higher than the leve] observed in a healthy subject orin a

healthy population, e g, at least10-fold or 100-fold higher. Svmptoms of hypercytokinemia

may inciude 11153;,11 fm‘nr awciimg and redness, extreme fati igue, ahd nausea.

{é}ﬁ.ﬁ%’?} A “disorder associated with h},pf:r )tomnmnm \,m} m any disorder that hag

that 'hus hy pewvmk neria as one of its b%‘“‘}lpi{}{"lS or side effects during at least one stage of
the infection.

{0639] “Influenza,” as used herein, is defined as an illness associated with a positive

intluenza diagnostic test.

[0G48]  “Influenza-like iliness,” -as used herein, is defined as the symptoms of fever

{temperature of 37.8°C or fE?l'iQ;&fi'lfiffL and a ngh and/or g sore throat without a known cause.

{i}‘{}iﬂ} ““S} stemic inflammatory mspoma syndrome ( St i‘s} or “sepsis” is defined by the

8“’{, or 36°( (b\ heart rate greater than 90 per minute; (¢) respiratory rate greater than 20
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per minute or PACO; less than 32 mmig; (d) white blood cell count greater than 12,000

T

cell/L or less than 4,000 cells/l., or gr cater than 10% immature {ba*zd\ forms.

{8042] “Pharmaceutically a Li;'(;ptabie”’ as used horc&t* means a material that is not

1

wdividual

along with the compositions of this ;imrmtism without f_*‘*mng substantial deleterious
biological effects or interacting in a deleterious manner with any of the other components of
the composition in which it is contained. The material wounld naturelly be selected to

munimize any degradation of the active ingredient and to minimize any adverse side offeets in

the subject, as would be well known to oune of skill in the art (see, e.g, Remingion's

Pharmaceutical Science; 217 ed. 2005). Exemplary pharmaceutically acceptable carriers for

the compositions of this invention include, bui are not Hmited to, sterile pyrogen-free water
and sterile pyrogen-free physiological saline solution.
{5}843} “Concurrently” means sufficiently close in time to produce a combined effect (that

.....

15, concurrently can be simullaneously, or it can be two or more events occwrring within a

short {tme period before or after each o other). In some embodiments, the administration of

two or more compounds "concurrently" means that the two compounds are administered

closely enough in time that the presence of one alters the biological effects of the other. The
two compounds can be administered in the same or different formulations or sequentially,
Concurrent  adminisiration can be carried out by mixing the compounds prior to
administration, or bxf admimstezfing the compounds m two different formulations, for
example, ai the same point i time but at different anglomic sties or using different routes of
administration.

[0044] The present invention is designed to address a physiclogical injury (incurred by any
means) and the induced hypercvtokinemia. This is accomplished by treating the acute
condifion with a mast cell stabilizing compound that reduces the release of mediators from
mast gells. These compounds may also be effective at reducing the release of mediators from

mhcf* cell :g;;};p@& The nc.:zt eﬁecf &, to reduce an Gif'ﬁi’?i}f' :-.:‘ijbusif.frc‘.’:afﬁtﬁif;m 0* the mnate mmune

have induced or camrma o ':i:;n:dmce. a %trorc ’“"d‘xn‘*e response.  The mast cell Sidbi izing
compound reduces the released mediators, reducing hypercytokinemia, A reduction in the
acute inflammatory response prevents additional damage produced by out of control

idlammation, A combined treatment approach 1s much more efficacious than g single
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ami zz‘ﬂaﬂnﬂaww agents, the present mwmmn is distinet from ' miiﬁrr nses btcmme it .iﬁﬁgx:-"@.éhses

'trecihng acute *nﬁammdww conditions as opposed to chronic conditions {e.g, S8IRS wvs.

astiina). In addition, the present invention involves treating sympioms caused by infectious

agents sucht a8 viruses as opposed to allergic responses to seasonal  allergens.

{3046]  OUne of the most comumon conditions that can induce §"ﬁ\' DC'i'C}’mkmuma iv influenza

over 30,000 deaths a year on a\ferége in the US. m?iﬁiif}iﬁ:i fhf&i?{?i‘ ave vaccines -fm-r 5 eﬁs@ﬂai‘ -ﬂuz

and become resistant {o all currently known antivirals. Hven 1f the virus infec _mw a patient 18

sensitive o the antiviral used, inhubition of viral spread does not treat a major health risk of

influenza; the induced hype rwioi\} nemig.

{0647}  Mast cells are the resident sentinels that detect and react to an initial infection by

}

tifluenza virus,  Viral recopnition by mast cells 1s dgccom *31:‘-. shed by pattern recognition
receptors and results in rapid degranulation, releasing a plethora of evtokines (Graham er ol.,
o Immunod, 190 4676 (2013)). fhzb release of mediators calls in the first respmz-dm:s of the

tnimune system, including T cells, to attack the infection. Mast cells continue to release

cytokines which spread *«y%mmm]‘y and continue to recruil more mmune cells to the
infection. These attracted cells alse release eytokines to ramp up the immune response. The
result can be a self ~1'e;11¢(}rc1rtrs foop that escalates the response out of proportion to the
infection, The acute symptoms that are felt in flu are caused by the mediators, not the
damage caused by the :vi-ms' et unchecked, this inflammatory response causes tissue
damage in the lungs and reduces lung function, while at the same time providing an ideal
environment for bacterial gmwth that resulfs in poeum onia. f left anhcmm.d the
inflammatory response in the lungs can lead to acute respiratory distress syndrome (ARDS)
and death.

[0048]  Treating a patient with antivirals will not stop this self-reinforcing cyele. In fact, by
the time a patient Is cxperiencing symptoms, it is at least 48 howrs into an infection,
influenza viral budding begins 6 hours afler a cell in infected and continues for davs. By the

time the infection is detected and antiviral freatment has begun, there is already a high viral
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~

load and a robust immune response: the patient is already far down the road leading to

Ly‘iﬁkmﬂ S1GINT. "Ehus i meng the virus along at this stage 1§ not C“IGL;&, 1 to treat the

5%*39} “ﬁhm\ one aspect of the invention i(.ld'tvﬁs to a method of treating, amneliorating, or
preventing hypercytokinemia in a subject in need thercof, comprising administering to the
subject a therapeutically effective or prevention effective amount of a mast cell stabilizing

compound, the {tn» thatmf. amelmmtmg, ropreventing the hvpam ¥ tokinemia.  In some

cmbaodiments, the hypercytokinemia is due to a disease, disorder, or condition in the subject.

In certain embodiments, tht; disease, disorder, or condition s not asthma, COny mei‘dll&, or
mastocytosis, In some embodiments, the disease, disorder, or condition is a viral infection,
e.g., & respiratory viras infection, e.g., an influenza virus infection. In some embodiments,
the disease, disorder, or condition is not influenza infection.

[B050]  Another aspect of the invention relates to a method of treating, ameliorating, or

preventing 2 disorder assoclaied with ihﬁﬁmloi\mmu in a subject in need :themf;,

amount of a mast cell %Mbjimng comp uund “hemby txeaimg dmf:horanﬁg, orprwen‘mg the
disorder.

}{ﬁé}'ﬁiﬁ}’ 'Exéimpﬁi&&g of clintcal diagn@-ses: that are associated with acute hyp@r{;;}f:mkinemia

E{P{WZ} in some embodiments, the methods are carried out on 51;‘{3}@::,{% ij‘;}wt; have been
diz gm‘sse@d with hypercytokinemia. In other embodiments, the methods are carried out on
subjects that have not been diagnosed with hypercytokinemia but have been diagnosed with
or ave suspected of having a disease, disorder or condition associated with hypercytokinemia
and for which the present methods are expecied to be bemﬁsial . As can be seen by this fist
that W(m}f.@ 'b::t‘f:n;eiﬁfi from thz:«. tma‘i‘;m;;arii; in *au it is understood by those of skill in the grt that
which a "cyu‘}k*ne storm is causing havmful BH*SLIR The local conceniration of cytokines,
particudarly in vital organs, more specifically in the lungs, is of greater importance than the
tevel of eytokines found in circulating plasma. Thus, from a practical perspective, relving on

mical diagnoses such as those listed above which do nol measure evtokines but rather focus

10
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[8053] Another aspect of the invention relates to a method of treating, ameliorating, or

preventing a viral infection associated with hypercytokinemia in a subject in need thereof,

C{)mﬁnmig administering to the subjf:““ a rhem:pmﬁicdi? effective or prevention effective

viral infection. Tn some @Mb(}diﬂmn s, the viral infection 1s a respiratory vires infection, ¢.g.,

an-intluenza virus ifection,

[0034] In general, a primary viral infection or reactivated latent virps induces a robust

..... - A : e . Sanaiel s R il e

cytokine response in patients. This s particularly dangerous in respiratory viruses, but others

can also induce dangerous levels of cytokines. In 't;iaese;.aa-se& reducing the magnitude of the

mpt,m,;, tokinemia is beneficial, mgﬁrdiess of which virus canses the response. bven in cases
""" ¢ the symptoms are not *‘i-,-t:}rcaif*m...m the elevation of cytokines causes syvmptoms and

these can be ameliorated T")} treatment with a mast cell stabilizing compound.  Exampies of

}??gpste;rm}%ﬁarrj ‘snb {EB\!) mspiﬁratcﬁry syneyt il viimﬁg -{I{;Sf&f}_; vV 3(@ nia uma

"vii'u& Vi How fever virus \md 0‘{;’[ ers. in some embodiments, the virus 18 not influenza,

[BU55] A further aspect of the invention relates {o a method {}f i*ﬁ"mtng -a.;’nf:«;efi;ijmg,ﬁ;gg or

thereby freating, ameliorating, or chwﬁ“’mg .ﬂii‘:}} fever. In some embodiments, the fever a

associated with a *C%D‘it or}r -&**zﬁims.; fi.ﬁ?fﬁfﬁ-t:lﬁi{m eg ant influcnza virug infection, In some

compound resully 1n a decrease in body temperature fof at f:ast 1 ( e.g., at ~< 3°C, 4°C,
5°C, or more.

{_8;656} in some Li“’abiﬁdfm‘“n'{&s he methods of the Invention further compri e..adﬁm.‘iﬁnizs-termg;

nal therapeutic agent is an antiviral agent, e.g., an anti-influenza
agent, E:{:amp les of anti-influenza agents inchide, withoot hmitation, rimantadine,
| . €« s . Jis ¢«
amant dmm oseltamivir {{’i}*m f‘u ) lammnamavir Imw ‘; Zanamivir {Re}mz&*‘i)g peramivie

A R i B AT AT ¥ ) Dol . R B R SRS S A Sl T O T Ry RS TR X TE SN AU TR Y
Avi 71 Z(Uj-,, "““u*‘“mudea ﬁzuconamlea -(x}.:* lu(}zde@-);ﬁ 1OAVITIn (_V}'mzale-}?, -f:.mdmueiefc}se

11



CA 03036230 2015-03-07

WO 2018/048989 PCT/US2017/050409

inhibitors, matrix M1 mhibitors, antibodies to viral proteins, Vis-410, nitazoxanide, NT-300,

fludase, alferon, PURG03, EV-077, surfaxin, and homspera. In one embodiment, the anti-

influenza agent is oscltamivir. Oseltamivir treatment for infected patients is dosed at 75 mg

twice a day for 5 davs. This provides a therapeutic dose systemically for a duration deemed

appropriate for most cases of influenza A and B. In some embodiments, the additional
therapeutic agent s an antipyrelic agent, such as rthuprofen, naproxen, jimiizopr()i‘%n;,

nimesuiide, aspirin, and other non-steroidal mltmnuammamﬂf drugs, and acels d*mmpnew In

some embodiments, the additional therapeutic drug is an agent used to treat S8IRS or sepsts,

e.g., anti- diﬁﬁpﬁ‘}i&hls apents such as gpinephring, steroids, and aq}neuiwr;irmmnc O

t.ﬂ

antioxidants such as selenium, glutamine, vitamin B, and elcosapentaenocic acid,

[0037] The mast cell stabilizing compound may be any mast cell stabilizing compound
known in the art. Examples of mast cell stabilizing compounds include, without Hmitation,
ketotifen, norketotifen, cromolyn, nedocromil, guercetin, pemirolast, olopatadine, ebastine

and v;;;a.rebas:iin:c-;, In some embodiments of the methods of the nvention, the mast cell

u..m?“ﬁdm“itms ;@f‘ ;he._ m:e:thods mf the imemiim the mast ce ii stabﬂ_}zmb compound is

cell mabhxmg wwpmmd is a combination of ke *oﬁfén or a_ph.ammmuiriwﬁy ceptable salt
thereof and norketotifen or a pharmaceutically acceptable salt thereof,

{H038]  The mast cell stabilizing compound and the additional therapeutic agent may be

administered to the subject in the same composition or in separate compositions, ¢.g.,

aémmzs*wed mmurrnth Tm addiltmmal ﬁthécmpcmic agent can be delivered to the subject

{002%)  lne methods of the present mvention may also be combined with ph‘«smi

freatments that are known in the art to be effective for Vze&mng{ a disease, disorder,

.........

condition. .:Eéih-}fsffcﬁi treatments may include, without Imitation, surg (g* 2 i‘CmOsaI of

o decwcmu of the temperative of a subject or a tissue or organ in the &ub}w or any

cambination thereof.
{0068}  The compounds of the invention may be administered to the subject as needed o
treat @ disease, disorder, or condition. The compound can be admunistered continuousty or

intermittently. In one embodiment, the compound is administered to the subject more than

12
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once a day or once every I 2.3, 4, *u 6 or 7 :..m in mmnu ﬁmb(}umm the compound is

'w.,eks once a month, once every two nmnths onee eve yf tu'rs:e months, once every four

months, once every five months, once every six months, or longer. In a further embodiment,

the com Eﬁ:&uné 1s administered usifig twe or more difterent schedules, e.g., more ::frequem.iys

frequently {e.g., once a wmk OF ,}l'ei %,a»,} n o*hcz f:m‘%m_dimen?ﬁsf th_s -c;;om:p(}imd can *c

adminisiered b} any discontinuous administration regimen, In one example, the compound

can be administered not more than once every three days, every four days, every five days,
every stx days, every seven dax . BVery ei ,g}ht d Ays, every nine da YS, Or avery ien da\ 8, Qr
longer. The adminisiration can continue for one, two, three, or four weeks or one, two, or
three months, orlonger. Optionally, atter a period of rest, the wmpom}u can be aagminisiered

umi’(ﬁr 'i;h. same or g different schedun I;;.,_ The pumo of vest can be one, two, three, or four

{5}8613 f\n mdnmamnuf pwp}‘uﬂ »}mhim “aw» in infected patients shows that elevated

circulating levels of cytokines, especially IP10 and 116, are present within hours of infection

2.0 TERTNER, SN LR L NN R L. S 4 SR RN AP I SR
;’

with a peeﬁ\ between day 2 and 4 pmtv%m‘ema ‘w:*"tp’mms genera 13 appear ar ound 2. d{.g\,
post-infection.  Cytokine levels rise to much higher levels in patienis with more severe

symptoms and remain @fji-&::xziat@d-, Due to the ".'st’a:riﬁ%bii’i?:i{}f ot %meim and course of miection
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{%{}{;2} The compounds of i}f*ﬁ, mvention can be delivered fo the subject by any suitable

.....

route, eg., oral, rectal, buccal {e.g., sub-lingual), vaginal, parenteral {e.g., subcutancous,

intramuscuiar, intradermal, or intraven OUSs ) 3, topteal (z e., both skin and mucosal :}ur{m.em

mciuding airway surfaces), nasal and/or oral inhalation, and transdermai admimstration,

10663} Where the antiviral agent is administered by inhalation {e.g.. zanamivir), the mast

cell stabilizing Qmpemd and the antiviral agent may be combined in an inhaler for

simultancous delivery. The advaniage of this approach is to deliver both active compounds
directly to the site of infection, potentially daercaxmg the time needed to reach therapeutic

levels in infected cells and thereby increasing effectiveness. An additional advantage of
using a mast cell stabilizing compound {e.g., kvthfw with an inhaled antiviral) is its
cffectiveness for treating asthma.  One safety issue with zanamivie is the appearance of
adverse events in patients with asthma and chronic obstructive pulmonary disorder. It 1s

possible that the anti-inflammatory properties of mast cell stabiizing compounds such as

13
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ketotifen may reduce these events and increase the population in which an inhaled antiviral

{8064} Some new antiviral therapies may be developed that require only a single dose. Two
examples under development are an anti-flu monoclonal an ubody or a cap-dependent

endonuciease inhibitor.  In conjunction with such freatments, a mast cell stabilizing

compound may be added to the treatment and be delivered over several days, 1l <ely more

than 3 days, in order to reduce the impact of .hypgm}?mkin:emia- A time~reledase microsphers
approac could aiso be used to simultaneously deliver the mast cell stabilizing compound and
ensure that it is present for an extended time, even with only one dose. Shiny et ol (Int. J.
Pharm. Investig. 3(3):119 (2013)) is an example of an approach for up to 30-day continuous

delivery.,

[0065] Some viral illnesses can cause severe symptoms requiring hospitalization. For

patients in hospital it may be advantageous to provide therapies by intravenous means. For
this purpose, an &ﬂiiviimi and a mast cell stabilizing cmﬂpou d can be given lﬂmugi yan iV,

palﬂt‘fn tiat qre umm to swallow -nw:cificatim will be able to be 1re<,.nt=d with ms;
combination of medication.

{5}86@ The compounds are delivered to the subject at a dose that is effective to treat the

disorder. The effective dosase will depend on many factors inciuding the pender, age,
g PRI £ 24 18¢,

v

weight, and general physical condition of the subject, the 'sc-*s«‘:@riﬁy of the disorder, the

particular compound or composition being admunistered, the duration of the treatment, the

nature of any concurrent freaiment, the camer usud

and expertise of those skilled in the art, L\%appmprlii s treatment effective amount in any

individual case can be determined by one of arunm skill in the art b:, reference to the
The Science and Practice 'qj7"-f’ﬁhﬁzzfm¢;fqy' {2{1 Qﬁ EOUS}} In one cmbochmem the mast celi
ng compound is administered at a dose of about 0.001 to about 500 mg/ikg body
weight, e.g., about 0.001, 0.005, 0.01, 0,05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, 4,
5,6,7,8,9, 10 20, 30, 40, 50, 60, ?a}, 80, 906, 100, ’300 300, 400, or 500 mg/kg or any range
therein. In some instances, the dose can be even lower, e.g., a5 low as 0.0005 or 0.0001
mg/kg or lower, In some instances, the dose can be even higher, e.g., as high as 20, 50, 100,
SO0, or 1000 mg/kg or higher. For ketotifen the dosing range may be from about 0.001
mglicg to about 40 meg/kg, e.o, from about 0.01 mg/ke to about 20 "fl'jﬁ'g}"?}‘if’is e, about 0.001,

0,005, 0,04, 005, 0.1, 05, 1, 2,3, 4, 5,6, 7, 8,9, 106 15,206, 25, 30, 35, or 40 ‘fnp“fkg Or any

14
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range therein. For norketotiten the dosmg rAnge may be from about G.001 mygks to about

500 mgikg, e.g., from about 0.01 *nvfkg to about 200 my rfk a?l:z'g-ut: 0,001, “i};QDSQ,, 0.01,
0{}‘5 .1 (" ’7 3, ’@ 5.6, 7.8, 9, 1015, 20, ""5, 30, 35,40 4& 50 (( 657U ?‘580
85, 90, 95, or 100, 150, 200, 250, 360, 350, 400, 4"‘? Lor 5 }nﬁg kg or any range therein, The

‘ver )

spread and the accumulation of hl gher level of cytokines. In f':nf'dmf- o .:":if,:mm;}lﬁ.ifsh. this in a
way that will provide easy patient compliance, a time release form of administration may be
advantageous. Figure 1 illustrates serum levels predicted for 4 mg per day ketotifen in
several different dosing regimens based on pubhished pharmacokinetic data.

{6868} Twice daily dosing at 2 mg per dose is the current approach used for mast cell

disorders, It takes at feast 2.5 dcays to dppi”{)dth a steady state level near 21 g:z’mi {{ the ¢4

tha., mum} level drops alg,ruﬁc&ntlv and falls below 2 ngﬁml {f a time -relica:se appmach 1»
ased with the first dose doubled to 8 mg, the 2 ng/mi level is achieved quickly, the overall
tevel does not go too high and a consistent dose above 2 ng/mi is maimtained, Thus, the use

of a thne release approach, optionally with an increased initial dose, allows for a rapid

mcerease of svstenic drug levels that are maintained th rougho ut the treatment.

{i}é}é‘}} One ;oropcrh of many viruses, including influenza, is that hcy cause a great deal of

bioavailable asing lﬂta{‘iﬂ&"‘;d} delwew in rabhits th anmyo:her rouie. An additions! benefit of

a mast cell %tabz%zu like ketotifen is its antihistamine properties, allowing for a rapid and

efficient reduction in severe nasal symploms.

106701 Some medications are delivered subcutaneously or intramuscularly to ensure the

avatlability of compounds that are not readily absorbed by other administration routes. This

method also has the advantage of speed and being practical in hospitals, p‘msxuan s otfices,

13
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the comp mndsg may b@f mwd n a ;Si‘ngie -s:::hamber 11" -thjey are f'ﬁﬂ"lpéltlblﬁ or a dual chamber

system may be employed to keep the antiviral and mast cell stabilizing compound in separate

r

compartments until dosing. As it is likely that the dosing schedule will be several days, a

system that allows for multiple dmmg from a Rlnﬂﬂﬁ’ device {or “pen™) would increase
convenience and compliance with the needed injection schedule.

{00711 For some patients (including children), swallowing tablets or pills is difficult or
mmpossible.  In these cases, it may be advantageous to deliver the cowmbination of the

mvention i an oral liquid formulation, This formulation may deliver the drug combination

2 3

in a tme release mechanism or any other desired delivery profile.  This may also be

}acwmphs 1ed usmg a SL..";Jp%,.tOW for intra-rectal deli Very,

Eﬁﬁ"’iﬁ Y’b present invention finds use in research as well as veter tnary a_td medmai.

applications. Suitable sumeds are as:,nﬁralhf mammalhian 51}*\1&30& I"ie term “manunal’”

neonates, infants, juveniles, adults .'n,d guﬂm S-Liﬁbj_fifczt&

{00731 In particnlar embodiments, the subject is a human subject that has hypercytokinemia

i

A

or a disorder associated with hypercytokinemia, e.g., viral infections such as influenza,
infhuenza-like illness, systemic mﬂamr*mtow FESPORSE § }rﬁwne Ot sepsis, or a fever. In
other emb@;dimem;f; the subject s a human subject at risk for developing hypereytokinemia or

a disorder associated with hy purmtomnm a, e 5 a subyect that has been exposed to a virus

or is living or working with a subject known to have a viral infection. When a virus like

influenza infects an individual, a detectable increase in systemic cytokines starts within hours

of infection. While the associated local inflammation may serve to restrict spreading of the

virus, in most cases the syst emic INCreases in cytokines dogs little to prevent the spread of

infection and likely slows down the clearance of virus by Tie -aé;aptim- imrmmgg s;stu:n in

for t,,xt-:,“idi*t‘}.amm 1n an aerosol, d]_I.Ong it {0 spmadm@re: effccmoi} f'zif‘}:’};c' nﬁet“md% 01 the

invention may be used prophylactically to reduce

ﬁi‘la,l‘ilméi model of hypereyvtokinemia or a dtwmez associated with hypercytokinemia,
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EG{W%} in some gsniibr;}dim@ms, ;thf* sub ject is one that 1S in & higher risk popuolation for the

xeﬁimi mfccza=1 e.g.. influenza infection. These would include, but are not limited to, the

shown to be at Qigi’imi’ fiifs'k (f-f or example American }'.Eisi%:;jim@;,, Native American), In addition,

very virulent strains of influenza have induced more severe disease in “healthy dividuals
between the ages of 20 and 30 (the pandemic strain from 2009 being the most recent
example), and this regime 1s likely to be more effective in this group for a virnlent steain.

{{??Wﬁ} A further aspect of the inventio 1:1‘6}3{@54‘1‘@: £ _"p yarmaceutical u‘*mpa%lt oL cf.}mpmum

further .azt;}nm;t‘iis:fi an additional .rhempaamic agent, ﬁg . &n antiviral agent, e.g, an anii-
influenza agent, e.g., oscltamivir,

{ﬁﬁ??}

Another aspect of the mvention relates i« pfm maceutical wmpoyimn C{)m*ﬁmmg

ketotifen, an additional thcmpwtm agcm and a pharmaceutically acceptable carrier. In some

ivival agent, e.g., an anti-influenza

- - . .

j{{;}g}:ﬂ_:gg : Ab’: additional aspect of the invention relates to a dosa age form comprsing the

8.
pharmaceutical composition of the invention. The dosage form may be any dosage form

knowrn in the art that is snitable for the methods of the present invention. ”}Zm, d{)bwgc ?fo:rm

{r'vm#
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,nclma those derived from phaxmacm.,m& i} aa,uepmsh, inorganic and

organic acids and bases, Examples of suitable acid salis include, without limitation, acetate,

adipate, alginate, aspartate, benzoate, butvrate, citrate, fumarate, glycolate, hemisulfate,

thtammtc} .]%-‘1@‘13::-"1 am).a:ie, hydrochloride, hrydre %bromhi hifdi‘@i@dideg 2~

.‘

le\, tc j;.;‘aa:ﬂm{} ate, pumz ate, p:erzsruléfaie_; .hg}fzd.mx:_;e&n&;jth@ateg: pivalate, _;pmpfi}fmai‘fg satieylate,

b |

succinate, sulfate, tartrate, thiocyanate, tosylate and undecanoate. Other acids, sueh as oxalic,
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*tai'w‘nczc_f,meaih acceptable acid addition sam
§@35§ Séﬂ LS dcrn ed from appmpua’m ‘m:ae\ in (.IU,dv without hzt'nw;tm* d}.’i{ﬁii "ﬂi}jéﬁml {eg

.'T.

sodium, potassium), alkaline earth metal {e.g., magnesiont and calcium), ammonium and N-

(alkyl)" salis,
{081} Compounds of the invention include those having quaternization of any basic

nifrogen-containing group therein.

§€}1}82§ '-"li.‘he- dtmawm herein ':i:s%e, ;ff’@r' sm—ann | ;:‘:-zm%id?ed; 'sa;?.i;i;hiom reference  to

can contain one Or MOre 'fi&ymmﬁtric centers “i»j thus occur as racemates and racemic

..... 3 . T . LT

¢ optical isomers, individaal diastereomers, and diastercomeric mixtures, All

.ff.ob

mixtares, single
such isomeric forms of these compounds are expressly included in the present invention.

[0083] Similarly, x;:-ompounds of ﬁ’n mwntm containing & double bond can exist ‘iﬁ the

-----

..... f—l

¢ mmmmnds that differ i.mh in the presence of one or more am{mmaily cariched atoms. For
example, cornpounds having the present structures except for the replacement of hydrogen by
deuterium or tritinm, or the replacement of a carbon by a a P or "Csen;riche:d' carbon are

within the scope of this mvention. Such compounds are useful, for example, as analytical

tools or p; obes 1n bmmgmeﬂ_ assays

cellular eem}fmes to pmdme- the z;w.ti?m agengt, 'h'-'f;!ﬂfﬁ'-th.o{ti_-s' of masking charged or reactive

H:tguchi and V. Stcﬁ,&} .;‘Pmsﬁm;gs as Novel dsiiif@r}r ‘Sybun'*s VQL 14 g-f‘f the ALS.
Symposium Series and in Hdward B, Roche, ed., Bioreversible Carriers tn Drug Design,

Aunerican Phanmaceuntical Assoctation and Pergamon Press, 1987, both of which are
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group of carbox i aud group, if bucl 1 groups are preseat in | Le compo..md aurethane of an

amine group, if such a group is present in the compound; an acetal or ketal of an alcohol

group, i such g group 1s present in the compound; a N-Mannich base or an imine of an amine

group, if such a group ii;fs; pzmentm {ne ;conflpoum;; or 8 dchift base, oxime, aceial, enol ester,

bm* as descnbe& for exémpl in U.S. Paifaﬁ.;t No. 6,680, 324 aqj U . Patent No. 6, 65{},’%2‘*?

3%872 The term “pharm avu_at:sm}lv acceptable prodrug™ (and {ike terms) as used hercin
tefers to those prodrugs of the f*ompoumj& of the present invention which are, within the

el of sound :tm,aiLaI fudgment, suitable for use in contact with the tissues of humans

k

and/or other animals without undue toxicity, irritation, allergic response and the like,

commensurate with a reasonable risk/benefit ratio, and effective for their inlended use, as

well as the zwitterionic forms, where possible, of the compounds of the invention.

.....

_3‘-;};3:333; “-‘I;‘he; czo;,-m.-g.:mmis' csf‘ ;ﬂw inwmim described above can be formulated for

dance with known techniques. See, e.g,
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Rcmfngti}r‘g, The Science dnd Practice of Pharmaey (217 ed. 2005). In the manufacture of a
pharmaceutical composition according to the invention, the compound is tvpically admixed
with, infer afia, an acceptable carrier. The carrier must, of course, be acceptable in the sense
of being compatible with any other in gmdlems iz the formulation and must not be deleterions

t0 the p-ajitiem, ?’i"_’}:i;e carrier can be a soltd or g Hoy n;df, or;bmh_., *aimd can be formulated with the
{)"ﬁ% to 95% or 99% by weight ,::{ the compound. Onc or more compounds can be
incorporated in the formnlations of the invention, which can be prepared by any of the well

known techniques of pharmacy comprising admixing the components, optionally including
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H090]  Formulations suitable for oral administration can be presented in discrete units, such

as capsules, cachets, lozenges, or tablets, each containing a predetermined amount of the

active wmnuumd as & multipamc‘mme oawdcr or granuies; as a solution or a :suspt,mmn irt

801 AGUSOUS of non-agquecus ;mmd or as an oil-in-waler or water-in-ofl emuision. Such

formulations can be prepaxed by any suitable method of p warmacy which inchudes the step of

’ii" Y S P
A

n general, the formulations of the invention are

aaeessory ingredicnts as noted abow}

.....

compmmd mema hf wnb ONe OF MOre aCCessory lnf-‘lf.‘d\)i 15, Compressed tablets can "}c
prepared by compressing, in g suitable machine, the compound in a free-flowing form. such

as a powder or granules optionally mixed wr‘fh a t)mde; }uﬁrlcan{, merﬁ d}lucm e,,nd:’ or

{{}{}91} 1“1:3 term “fablet™ as used herein includes, but is not hm;r;d 1o, immediate relea R}:
tabiets, sustained release (SR) tablets, extended release (ER) tablels, malrix tablets, m;u;,.iti}ayﬁf

tablets, n*:uitiia} er matrix tablets, delaved release tablets and ;}tﬂsu refease tablets, any or a }II of

materials, such as enteric coatings, rate~controlling ii-@e%:.:l‘:‘i"ing&i, .Sfﬁ;‘i-‘ﬁ:i.—,1?fifﬁifiﬂ€31f?siﬁi cc}atin:gs. ang the
fike. The term “tablet” also includes osmotic delivery systems in which a drug compound

combined with an osmagent {and f}p'humiiy ather n;&f._xph.,ntx) and coated with a SEi;}.'fsif}}ﬁt‘;fmﬁahlf:S:‘

may be released.  Tablet solid oral dosage forms that may be useful in the pmsr:;iim of the
invention include those selfected from the group consisting of IR tablets, SR tablets, £R tablets,
coated IR tablets, coated SR taﬁbletsg,_; coated ER tablets, matrix tablots, -.'-*L,?-ﬁfit@?d? -maﬁ'i;zz*ri}; tablets,
multilayer tablets, coated multilayer tablets, multilayer matrix tablets and coated muitilayer
matrix tablets. In some zmbodﬁimems;,. a tablet dosage form is an enteric-coated tablet dosage

form. In some embodiments, a tablet dosage form is an enteric-coated extended release tablet

dosage form.

[0092] The term “capsule™ ss used herein includes, but is not Hmited to, IR capsules, SR
capsules, BER capsules, coated IR capsules, costed SR capsules, and ER capsules, including
del ayed release Lapw‘{S Capsules may be filled with powders, granules, multiparticulates,

' "::':I:;,t% semi-solids, or liquids. In some embodiments, a capsule dosage form is an enteric-coated
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-a;aj:;s:a;:_}-e:-do5age-f@;‘nr?s_;. in some embodiments, a mpaule dosage form is an enteric-coated extended

)

reiease capsule dosage form. Capsules may be made of hard gelatin, soft gelatin, starch, celiulose

.F.F

pﬁiymus or other materials as known to the art.

{00931 The term “multips eticulate™ as used herein means a plurality ot diserete particles,

mc*mamﬂlca na nomnmi*& peliets, mini-tablets and mixtures or combinations thereof. If the

oral form is & multiparticulate capsule, hard or soft gelatin capsules or capsules of other materials

can suifably be used to contain the mul 1paﬁ;icuIugteg.: n some embodiments, a sachet can suuabi
be used to contamn the multiparticulate. In some embodiments, the multipadticulate may he coated
with a laver conts antng  rate controlling polymer material,  In some 's;:-;fn;lfj){;}d'imﬁms,- a
.I}lLli"i‘!ﬁd’*‘(lﬂﬁ;E::‘ oral dosage form according to the invention may comprise a blend of two or
more populations of particles, pellets, or mini-tablets having different in vitre and/or in vivo

release characteristics, For ex ampic fmxtummuwaw oral dosage form may cc}mpw s¢a blend of

multilayer tablet may --cgmpifiﬁse. wo iia}’:ers .ca:mtafiﬂfing the same or 'di'fi?bmm tevels of the same

active ingredicnt having the same or different release characteristics. In some embodiments, a

mi ithwt t&biiiif‘ti i’z‘?‘:‘?‘i‘.za:}rf“ a.ozztali s.f:?ii’ffféré‘rzi‘ aame ingred'cms in each l:;%}%ﬂzrz. Such a tabiet, sither

fcrm'xz *wmpri'sas a tlpri}C 's.c;-:em r';mﬂ dma*}fed izfﬁ;;l::f;azs&-- *‘&p]d onset n*ﬂmta;b;iﬁ?ts-, in some.

embodiments, a muliiparticulate dosage form comprises a delayed release capsule comprising

instant release minitablets. In some embodimments, a multiparticulate dosage form comprises a

,p
-8

s::apsu;ie comprising delayed release granules. In some embodiments, a multiparticulate dosage

form comprises a delaved release ca psule comprising instant release granules,

[8095) memaimna suitable for buccal (sub-lingunal) administration include lozenges
-cmng:zr;ismg; the compound in a favored base, ustiaily sucrose and acacia or tragacanth; and
pastilles comprising the compound in an inert base such as gelatin and glycerin or sucrose

and acacia,

pt‘eiu‘anl v isotonic with the b}_md -of *bc intended 'ﬁaupimf ’E’i}_‘xege ,1?}1’?@;@211?&'{55;.{}1?1%sﬁ ¢an contam
anti-oxidants, buffers, bacteriostats and solotes which render the formulation isotonic with
the blood of the intended recipient. Agueous and non-agueous sterile SUSpEnsIons can

include suspending agents and thickening agents. The formulations can be presented in

21



CA 03036230 2015-03-07

WO 2018/048989 PCT/US2017/050409

unit/dose {(¢.g., in a syringe ov other Injection device) or multi-dose containers, for example
sealed 1mp()u{ds and vials, and can be stored in a fresze-dried (lyophilized) condition
z'mm* mg eniv the addition of the sterile hqmd carrier, for example, saline or water-for-
be prepared from simie powdem granuies and tablets ot the kind previously described. For
example, it one aspect of the present invention, there is provided an in jectable, siable, sterile

composifion comprising one or more compounds, & u *ni.irsf;aga, form in & sealed container.
The compound is provided in the form of a lvophilizate which is capable of being

reconstituted with & suitable pharmaceutically mcep’tabk carvier to form a liquid composition

suitable for injection thereof into a subject. The unit dosage form typically comprises from

about (.001 ii'z}g to about 10 gmmb of ﬂi}e--comp@ und. Wh@n the compound is substantially

conventional sohid aaﬂmr‘s for example, cocoa b utter, fl.‘id then shaping the resulting mixture.
{698 Formulations suitable for topical application fo the skin preferably take the form of
:.,;,‘ | ;: ‘{ oy N O ey ‘{ 1\' VT ‘f 2 ‘E l I (‘1{ :W't; S Y ?}\; )i::3 . b"i o ""':‘:\i
an omtment, crgam, lotion, paste, gel, spray, or ot -arriers which can be gsed

inciude petroleum y.,ﬁv ianoline, poiye thylene g;'ycc}lx atcohols, transdermal enhancers, and

the epidermnis of the recipient for a

prolonged period of time. Formulations suitable for fransdermal adminisiration can also be

-ﬁ-leiiviered:b}f iontophorests (we for examp]c Pharm. Res. 3318 *’39351 and rgpmam w ke

herein, such as agueous base emulsions. In such an instance, the composition will contain a
sutficient amount of pharmacentically acceptable emulsifving ageni to emulsify the desired

amount of the compound. Particalarly useful emulsifying agents include phosphatidyl

cholines and lecithin.
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Emm } in \mﬁm f‘if} COn p{J‘\.I}“*da, the pn.mmc atic alf .s::@:iﬂm wcm% can contam -Gﬂ?iﬁri

\.--v'

acids, such as hydmdzlom wul bases or buffers, such as sedum }nﬁ.lath, sodnum acetate,

sodium phosphate, sodium citrate, sodium borate, or sodium gluconate. Further, the

{::)1‘11}‘0‘4*11(1{1% pan contain mic ‘optal pm:»crvati VE U'S'*;::‘f{;;i 'limigcr-ofbial _plf’ﬁiSiiﬁ;if}‘&ﬁV@S~ n’lﬂhhﬁ
methylparaben, mowimrabem angd benzyi ;:i‘i{:;zogimi,, The microbial pﬂ::betv ative 1s *\fpu,,.;ilz 4

annoxidants (e.g., ascorbyl palmitate, butyl hydroxy amsoi BHA), butyl hydroxy toluene

{BHT) and tecapbcm}s e.g., a-tocopherol (vitamin 1Y), pémss.efvﬁatﬁiizes_, chelating agents (e.g.,
EDTA andlor BEGTA), viscomodulators, tonicifiers {e.g., a sugar such as sucrose, lactose,

Havorants, colorants, odorants, opacifiers, suspending agents, binders,

and/or manitol),

fillers, plasticizers, lubricants, and mixtures thereof. The amounts of such additives can be

readily determined by one skilled in the art, according to the particuiar properties desired.

10102} The additive can also comprise a thickening agent. Suitable thickening agents can

be Eho'si .kn@wn and om;f}ichd i1 the fa'r"ij,,, incl t;tﬁifnggj, {w; ,,. phm*a.acs.,uiah acceptable

and cellulose derpvatives including: alkyl rs::eiiiufloases;, .8 meth} fe, et M and fprop}ff’i'v

‘fb

ceituloses; hydroxyalkyl-celluloses, e g, hydroxypropyl-cellnloses and hyd oxypropylatkyi-

m.f{'mﬁi@sesj such as }’13’01*0“*171*0;3321 methyl-celiuloses; ae*sata.,d celiﬂmﬁs e.g., cellulose-

-.echu a5C phthdila’im md salts tha,rwi such as  sodium-carbox vmeihvv{: T.El.ui@:se_.s;;

w-polwem such as vinylpyrrohdone-vinylacetate co- polvm‘zew po]wmﬁ resing, e.g.,

including polyvinylacetates and alcohols, as well as other polymeric materials inelnding gum

traganth, gum arabicum, alginates, e g, alginic acid, and salts thereof, e.g., sodium alginates;
and Inorgamic thickening agents such as atapulgite, bentonite and silicat .iif';ci’i;i.dring

hydy {Jphiht silicon diexide praducts, e.g., ahcyiated (for cxample methylated) silica gels,
particalar colloidal silicon dioxide pmdm 's. Such thickening agents as deseribed above can
be included, e, & o provide a susiained release effect, However, where oral administration is

intended, the use of thickening agents as aforesaid will generally not be required and is
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generally less preferred. Use of thickening agents is, on the other hand, indicated, e.g., where
topical application is foreseen.

10103}  Further, the present invention provides liposomal formulations of the compounds

due 1o the water solubility of the compos.md the compound will be sabstantially entrained

within the hydrophilic center or core of the liposomes. The lipid layer employed can be of

any conventional composition and can either contain cholesterol or can be cholesterol-free.

......

ii;ipi-d, maﬁ,ez rw}‘i.;i?ch fs:r'*'ns ttm ‘simc}‘-zma -of' 'tﬁim; bpmcm_ In either instance, the hpcwmc»

witich are produced can be reduced in size, as thmug} the use of standard sonication and
honmff{mzcitmn technigues., The liposomal formulations cont mmg the compound disclosed
herein, can be lyophilized to produce a lyophilizate which can be reconstituted with a
pharmaceutically acceptable -cmfrim-;, such as water, to regenerate a liposomal suspension.

{1041 In certain embodiments, the dosage form s an extended reiease dosage form. The
dosage Torm may have a haif-life of at least 24 hours. In some embodiments, the extended
release dosage form will provide a slower release of the drug over a 24-hour time period such
that a consistent, tight range of the drug is available systemically for 24 howrs. In ceriain

crbodiments, as shown in the example in Figure 1, the serum level of the compound is kept

above 2 ng/mi. throughout the freatment period, but at the same time does not rise above 2.5
ng/mi. The dosage form may comprise and/or be coated with a rate controlling pOI.}_’I‘iﬁi@I_‘
material, e.g., hydroxypropyl methylceliutose, a polymer of acrylhic or methacrylic acid or their
.zﬁf:s;pec@ti?ﬁ%e esters, or copolymers of acrylic of methacrylic acid or their respective esters.

[0105] In any of the above-mentioned embodiments, a controlied release coating (e.z., an
enteric n,oatwm} may be 3pp lied to the final dosage torm (capsule, tablet, mudtiiayer tablet, efc.).

defined above. The oiut*oﬁ characteristics of such a coating material may be pH de spendent ot

independent of pfi

[0106] The term “rate controlling polymer material” as used herein includes hydrophilic
polymers, hydrophobic polymers and mixtures of hydrophilic and/or hydrophobic polymers that
are capable of controlling or utazdmg the release of the CGI"H‘JQ‘LMd from a Q(}brg form of the

present fuvention.  Sultable rate controlling polymer materials include those selected from the
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methjyi -cei.{aiiﬁseg. 0o y(vt ucm} O"iidc aihyi aeiui@:ﬁ. 13:%;112:5.}3* as Bth}*‘i cell thSL arsd et hyi
cellulose; carboxymethyl celiulose; hydrophitic cellulose derivatives; polyethylene glyeol;
potyvinylpyreolidene; cellulose acetate; cellulose acetate butyrate; cellulose acetate phthalate:
cellufose  acefate  trimellitate; polyvinyl acetate p}fgiﬁﬁiaia?te;g aydroxypropytmethyl  cellulose

pi"ﬁthdau hy dr OXYpropy ;.m(‘tiwl cllulnse acerate su cinate; polyvinyl acetaidicthylamino acetaie;
poly(al }(}“muh&f;m fate) and ptgh,f (Vnw acetate). Other suitable nydw;;hi;b ¢ poiymers melude
poelymers and/or copolymers derived from acrviic or metha c-f};lr* scid and their rt,spectwe asters

zZein, waxes, shellae and hydrogenated vegetable oils, Particelarly usefid in the practice of z.ﬁh;e;

present invention are poly acrylic acid, poly acrylate, poly methacrylic acid and poly
ma:timz.ralme _pj{;ﬁ.:}-’miﬁfl‘& Some of these polvmers {(e.g., poly methacrylate polymers) can be used
as delayed release polymers to control the site where the drug is released.

f8187] The foregoing is ilustrative of the present invention, and is not to be construed as
Himiting thereof. The invention is defined by the followin 1g claims, with equivalents of the
claims to be inchuded therein. Al publications, patent applications, patents, patent
E}UZZ‘*ICE‘; ons, and any other mf@mnc&s cted herun are mcvc‘mf‘atad fib v irtf?:férmme; in their

imsmfad
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What is Claimed is:

“\“\\““\“\“\ LY

.......

2. The method of claim 1, wherein the hypercytokinemia is due to a disease, disorder, or

condition in the subject,

3, The method of claim 2, wherein the disease, disorder, or condition is not asthima,
conjanctivitis, or mastocylosis.
4. The method of claim 2 or 3, wherein the disease, disorder, or condition is a viral

infection.
n The method of clatm 4, wherein the viral infection is an influenza virus infection.

6. The method Oid‘w one of ¢laims 2«-3 further comprising administering to the subject

....

- agent for the disease, disorder, or condition.

an additional therapeu
7. The method of claim 6, wherein the additional therapeutic agent is an antiviral agent.

8. The method of claim 7, wherein the additional therapeutic agent is an anti~influenza

agent,

9. The method of claim &, wherein the anti-influenza agent is oseltamivir,

10, A method of -tfx.*:szmiﬁgﬁ,_-“am'f:i_i*izomiileg-;.' c}r-pm*‘s-*smtii:ﬁig a ::ijfi:s,tfﬁfdff:r* assmi;aied mh

Tht,ra}]’é?u‘tl{,&ﬁ} ffective or prevent ion effective amount of a mast cell x’zabdwmg compound,
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L. The method of claim 10 wherein the disorder 18 & viral infection, influenza-like

iiness, systemic inflammatory response syndrome, or Sepsis,

12, The method of claim 11, wherein the viral infection is an influenza virus infection.

13, The method of any one of claims 10-12, further comprising administering to the

- ey
. '

15, The method of claim 14, wherein the additional therapeutic agent is an anti-influenza

agent.
16. The method of claim 1 3, wherem the anti~influenza agent 1s oseltamivir,

7. A method of treating, ameliorating, or preve 1‘“mg  fever in a subiect in need thereof,

amount of a mast ceil ‘\‘Ecibliizl“lﬂ u‘;mp@mdﬁ, I.ht""ib‘% ";emrganxdzoraimgor prwemmg the

fever.
{8, The method of claim 17, further comprising administering to the subject an additional

therapeutic agent.

19, The method of claim 18, wherein the additipnal therapeutic agent is an antipyretic

20, The method of any one of clajms 1-19, wherein the mast cell stabilizing compound is

- o

ketotifen or a pharmaceutically acceptable salt thereof,

21, The method of any one of claims 1-19, wherein the maast cell stabilizing compound is

norketotifen or a pharmaceutically acceptable salt thereof.
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22, The method of any one of claims 6-9, 13-16, or 18-21, wherein the mast cel}
stabilizing compound and the additional therapeutic agent are administered in the same
composition.

23, the method of any one of claims 6-9, 1316, or 18-21, wherein the mast cell

stabthizing compound and the additional therapeutic apent are administered In separate

composiiions.

L N 8

24, The method of any one of claims 1-23, further comprising performing a physical

25. The method of claum 24, wherein the physical treatment is surgery, transplantation,

27.  The pharmacentical composition of claim 26, further comprising an additional

therapeulic agent.

28.  The pharmaceutical composition of claim 27, wherein the additional therapeutic agent

i an antiviral agent.

29, The pharmaceutical composition of claim 28, whercin the antiviral agent is an anti~

mfluenza agent.

oseltamivir,

31, A pharmaceutical composition comprising ketotifen, an additional therapeutic agent,

32, The pharmaceutical composition of claim 31, wherein the additional therapeutic agent

is an antiviral agent.
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33 The p}%};ar_zfn:ace atical composition of ¢laim 32 wherein the antiviral agent is an anti-

34.  The pharmaccutical composition of claim 33, w herein the anti-influenza agent 18

oseltamivir,

35 Adosage form comprising the pharmaceutical composition of any one of claims 24-

34,
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37, The dosage form of claim 35 or 36, which 15 a solid or hiquid oral dosage form.
38.  The dosage form of claim 35 or 36, which is a dosage form for nasal and/or oral

inhalation.

39, The dosage form of claim 35 or 36, which is a dosage form for intravenous

adminisiration.

40, The dosage form of claim 35 or 36, which is a dosage form for transdermal ox

"'h .’

41, The dosage form of claim 35 or 36, which is a dosage form for injection,

The dosage form of claim 35 or 36, which 15 a dosage form for implantation.

S
e

43, 'The dosage form of claim 35 or 36, which Is a dosage form §
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