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Mast Cell Stabilizers for Treatment of Hypercytokinemia and

Viral Infection

Statement of Priovity

{0001}  This application claims the benefit of U.8. Provisional Application Sertal No.
62/385,021, filed September 8, 2016, the entive contents of which are incorporated by

reference hersin,

Field of the Invention

{3062} The present invention relates to methods for treating hypercytokinemia and viral
infections and other disorders associated with hypercytokinemia using a mast cell stabilizing
compound, optionally in combination with an antiviral agent or other therapentic agent. The
invention further relates to compositions and dossge forms comprising mast cell stabilizing

agents, optionally with an antiviral agent or other therapeatic agent.

Backoround of the Invention

{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
molecules and tissoe damage. When mast cells encounter such pathogens or damage, they
release a flood of mediators; these mediators are a mix of small molecule effectors (such as
histamine), proteases, hipid-derived signaling molecules (prostaglanding) and cytokines. The
process of releasing these mediators is generically termed “degranulation.”

{0064] The release of mediators via degranulation results in the recrufiment of a wide
variety of immune cells to the site of mediator release to fight the offending intruder. This
process also induces localized inflammation o restrict the movement of any infection or
toxin. A confrolied inflammatory response to foreign bodies enables the body to prevent the
spread of toxins to neighboring tigsues, limiting damage to one area and is desirable, Once
the foxin has been neutralized, the normal course is for the body to begin an active resolution
of inflammation response (ROID). This results in an egress of recruited immune cells from the
injured tissue, tissue remodeling, a reduction in swelling and finally complete healing.

{0003] In some cases, this normal course of a proportional inflammatory response, foltowed
by resolution is not followed. 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 {atter

scenario has been termed a “cytokine storm™ or hypereytokinemia. An extremely high level
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of inflammatory cytokines and mediators that is not resolved is harmild to the host and can
result in death, especially if the run-away response occurs in the lungs. The most damaging
aspects and symploms of many diseases are a direct result of hypereytokinemia, as epposed
to damage from the original disease.

{08086}  Current treatments for conditions that induce hypercytokinemia do not generally do
anything to ameliorate the ongoing production of inflammatory mediators that perpetuate this
condition. These conditions are wsually treated by interventions that target the pathogen
inducing the response or by using antagonists to one specific inflammatory mediator. While
i is critical for the pathogens 1o 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 inflammatory mediators.

{67 Nevertheless, down regulating the impune system is not enough on its own to treat
these conditions. In fact, there is evidence in some cases suggesting that treating patients
with corticosteroids to rednce inflammation increases mortality, Corticosteroids are very
powerful down regulators of the innate and adaptive immmune system. “Turning off” all
aspects of the tmnune response during an infection does not allow the clearance of the
pathogen. Thus, & balance must be struek between an overly robust inuriune response and too
little of a response.

{0008] Influenza viruses are a related series of viruses in the Orthomyxoviridae family.
Three types have been described (Types A, B or €) and all are nepgative-sense, segmented,
single stranded RNA viruses. Types A and B are medically relevant to human health with
type A being the canse of more severe disease. Type A viruses are normally found in wild
birds and ounly rarely cause disease in thelr host. Influenza A subtypes routinely cause waves
of homan influenza disease across the globe with far reaching health and economic
consequences.  In the US, approximately 30,000 people die ecach year from flu or
complications resulting from influenza infection. The estimates on economic impact in the
US are greater than $80 billion/yvear in divect medical costs and lost work, Influenza usually
infects humans through the respiratory tract, although there are alse reports that infection can
occur through the eyes.

{6009] Influenza induces a rapid cytokine response in humans, usually detectable within
hours of infection,  An important peint (o note is that the severity of each case of flu is
directly correlated with the levels of induced cytokines. This is well known to those in the
ficld and has been documented across many different sirains of influenza.  What is

particularly striking about influenza induced discase is that severity is dependent on the viral
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strain and the individual. For instance, most yearly cases of influenza are caused by the
HINI strain. While many people are infected, the severity of the disease ranges from no
symptoms to death. In a normal HINI seasonal fle season in the US, about 20% of the
population are sickened {60 million people), 200,000 of those are hospitalized and about
30,000 people die cach vyear (abowt 0.05% wmortality). In outbreaks invelving highly
pathogenic strains of the virug (HSN] for instance) 20% to 60% of the cases are fatal. While
this indicates that the virus is the main cause of severity, the reason that people cxhibit more
severe or fatal disease is the same with either strain; the dangerously il people have
extremely high levels of cytokines, regardless of viral strain. Thus, the problem is not really
the virus itself, but rather the body’s response to the virus. In move virulent strains, a farger
proportion of people will experience hypercytokinemia. However, this hypercytokinemia {s
no different than U is in the small proportion of people that experience the same symptoms
from a less virulent strain.
{0016 Mast cell stabilizers such as ketotifen and cromoivn {sodium cromoglyeate) have
been shown to inhibit mast cell degranulation and the resulting release of mediators such as
histamine, tumor necrosis factor (TNF)-, prostaglanding, leukotrienes, interleukins and other
cytokines. These effeets may not be limited 10 mast cells and might have a broader effect of
reducing inflammatory cytokine release in multipie cell types. These compounds, however,
do not impact the adaptive Immune system and allow antibody based clegrance of foreipn
bodies from the body to continue essentially as normal. Both of these compounds are used to
treat chronic conditions, Cromolyn was discovered and used as an inhaled {reatmery for
asthima. Ketotifen was discovered as an Hi antihistamine and is used extensively in eve drop
formulations to treat eye inflammation. X was also developed as an oral treatment for
asthima, although this seems to take several weeks for it 1o have signifivant impact on chronic
asthroa, Ketotifers and to a lesser extent cromolyn have been shown to increase survival of
mice in a model systeru of influenza infection (Hu er af, Mast Cell-Induced Lung Injury in
Mice Infected with HIN1 Influenza Virus, J Virol 86(6):3347 (2012); Han e al, The
therapeutic effects of sodivta cromoplycate against infloenza A virus HSND in mice,
Influenza and Other Respivatory Viruses {01357 (2016)). In the case of ketotifen, it was
combined with oseltamivir and the impact on survival was increased when the compounds
were combined.
{00111 The present invention overcomes shortcomings in the art by providing compositions

and methods for treating hypercytokinemia and disorders associated therewith.
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Summary of the Invention

{0012} The present invention relates to the development of treatments to down regulate
hypercytokinemis in order to intervene suceessfully in cases of cytokine storm. The present
mnvention provides a more effective way fo aid the body in balancing inhibition of an overly
robust innnune response and providing too Hitle of a response to provide a treatmeni that
allows both problems to be addressed: the initial condition that the body is reacting to (ie.,
infection} and the resulting hypercytokinemia. This can be accomplished with a treatment
regime that down regulates the inpate immune system and allows the adaptive immune
system to remove the offending pathogen, Alternatively, g treatment that down regulates the
ipnate inmunune system can be combined with a treatment to help clear the intruding particles
{for example, an anti~viral compound).
0013} Accordingly, as one aspect, the invention provides a method of treating,
ameliorating, or preventing hypercytokinemia in a subject in need thereof, comprising
administering to the subject a therapeuntically effective or prevention effective amount of a
mast cell stabilizing compound, thereby ireating, ameclorating, or preventing the
hypereytokinemia, In some embodiments, the method further comprises administering to the
subject an addittonal therapentic agent, e.g., an antiviral agent.
{0014] The mveation further relates to a method of treating, amcliorating, or preventing a
viral infection associated with hypercytokinemia in a subject in need thereof, comprising
administering to the subject a therapeutically effective or prevention effective amount of a
mast cell stabilizing compound, thereby treaiing, amellorating, or preventing the viral
infection. In some embodiments, the method further comprises administering to the subject
an additional therapeutic agent, e.g., an anfiviral agent,
{0015]  The invention further relates to a method of treating, ameliorating, or preventing a
disorder associated with hypercytokinemia in a subject in need thereof, comprising
administering to the subject a therapeutically effective or prevention effective amount of a
mast cell stabilizing compound, thereby treating, ameliorating, or preventing the disorder. In
some embodiments, the method further comprises administering to the subject an additional
therapeutic agent, e.g., an antiviral agent,
[0016]  The invention further relates to a method of treating, ameliorating, or preventing a
fever in a subject in need thereof, comprising administering to the subject a therapoutically
effective or prevention effective amount of a mast cell stabilizing compound, thereby

treating, ameliovating, or preveniing the fever. In some embodiments, the method further
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comprises advaimistering 1o the subject an additional therapeutic agent, e.g, an antipyretic
agent.

{0171 The wvention also relates to a pharmaceutical composition comprising norketotifen
and a pharmacentically acceptable carrier, and optionally an additional therapeutic agent.
{B018] The invention additionally relates to a pharmacentical composition comprising
ketotifen, an additional therapeutic sgent, and a pharmacewtically acceptable carrier,

(0619} The invention further relates to dosage forms comprising the pharmaceutical
compaositions of the invention,

{6020] The present invention is explained in greater detall in the drawings herein and the

specification set forth below.

Brief Description of the Drawines

{0021} Figure ! shows predicted serum levels of ketotifen in a subject during several

different dosing regimens.

Detailed Desceription of the Invention

{(022] The preseat invention can be embodied in different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosore will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. For example, features fhustrated with
respect to one ewbodiment can be incorporated into other embodiments, and features
itusirated with respect to a particular embodiment can be deleted from that embodiment. In
addition, numercus variations and additions to the embodiments sugpested herein will be
apparent to those skilled in the art in light of the instant disclosure, which do not depart from
the instant invention.

{6023} Unless otherwise defined, all technics] and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The terminology used in the description of the invention herein is for the
purpose of deseribing particular embodiments only and is nol intended to be limiting of the
invention.

{80824] Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination,

{0025] Moreover, the present invention alse contemplates that in some embodiments of the

invention, any feature or combination of features set forth hervein cag be excluded or omifted,
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{261 Yo illustrate, if the specification states that a compiex comprises components A, B
and C, it s specifically intended that any of A, B or €, or a combination thereofl can be
omitted and disclaimed singularly or in any combination,
{00277 All publications, patent applications, patents, and other references mentioned herein
are incorporated by reference herein in their entirety.
{00281  As used herein, ¥8,” “an,” or "the” can moean one or more than one. For example,
“a’ cell can mean a single cell or a multipﬁcity of cells.
{0029] Also as used herein, “andfor” refers to and encompasses any and all possible
combinations of one or more of the associated lsted Htems, as well as the lack of
combinations when interpreted in the alternative (For™).
{68301 TFurthermore, the term “about,” as used herein when referving to a weasurable value
such as an amount of a compound or agent of this invention, dose, {ime, temperature, and the
fike, is meant to encompass variations of + 20%, £ 10%, + 5%, + 1%, £ 0:5%, or even + (.1%
of the specified amount.
{0031} The term “consists essentially of” {and grammatical variants), as applied to the
compositions of this invention, means the composition can contain additional components as
long as the additional components do not materially alter the composition.  The term
“materially altered,” as applied to a composition, refers 1o an increase or degcrease in the
therapeutic effectiveness of the composition of at least about 20% or more as compared to the
effectiveness of a composition consisting of the recited components.
{0032] By the terms "treat,” “treating,” or "treatment of” (and grammatical variations
thereot) it is meant that the severity of the subject’s condition is reduced, at least partially
improved or stabilized and/or that some alleviation, mitigation, decrease or stabilization in at
least one clinical symptom is achieved and/or there is a delay in the progression of the disease
or disorder.
{6033} The terms “prevent,” “preventing,” and “provention”™ (and grammatical variations
thereof) refer to prevention and/or delay of the onset of a disease, disorder and/or a clinical
svmptom(s} in a subject and/or a reduction in the severity of the onset of the disease, disorder
and/or clintcal symptom(s) relative to what would oceur in the absence of the methods of the
invention. The prevention can be complete, e.g., the total absence of the disease, disorder
and/or clinical symptom(s). The prevention can also be partial, such that the occurrence of
the disease, disorder and/or clinical symptom(s} in the subject and/or the severity of onset

and/or the time period of symptons is less than what would occur in the absence of the
k
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present invention.

{0034] A “treatment effective” or “therapeutically effective” amount as used herein i5 an
amount that is sufficient to provide some Improvement or benefit to the subject.
Alternatively stated, a “treatment effective” amount is an amount that will provide some
alleviation, mitigation, decrease or stabilization in at least one clinical symptom in the

+

subject. Those skilled in the art will appreciate that the therapeutic effects need not be
complete or curative, as long as some benefit is provided to the subject.

{00351 A “prevention effective”™ arpount as used hereln is an ameunt that is sufficient to
prevent and/or delay the onset of a disease, disorder andfor clinical symptoms in a subject
and/or to 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
imvention. Those skilled in the art will appreciate that the level of prevention need not be
complete, as Jong as some benefit is provided to the subject.

{0936]  As used herein, the term “hypereytokinemia,” alse known as a ¥eviokine storm”™ or
“cytokine cascade,” refers to an inumune reaction consisting of a positive feedback loop
between cytokines and mediator secreting cells resulting in highly elevated levels of various
cytokines. During hypercytokinemia, the serum gnd/or organ levels of one or more ¢ytokine
may be elevated, 2 g, at least 5-fold higher than the level observed in & healthy subject orina
heaithy population, e g., at least10-fold or 100~fold higher. Svmptoms of hypercytokinemia
may inclode high fever, swelling and redness, extreme fatigue, and nausea,

{00377 A “disorder associated with hypercytokinemia” refers to any disorder that has
hypercytokinemia as one of its symptoms or side effects during at least one stage of the
disorder.

[0038] A “viral infection associated with hypercytokinemia™ refers to any viral infection
that has hypercytokinemia as one of its sympioms or side effects during at least one stage of
the infection.

{0639] “Intluenza,” as used herein, is defined ag an Hlness associated with a positive
infhienza diagnostic test.

{00481 “Influenza-like illness,” as used herein, is delined as the symptoms of fever
{temperature of 37.8°C or higher), and a cough and/or g sore throat without a lnown cause.
{88411 “Systemic inflammatory response syndrome (SIR8)Y” or “sepsis” is defined by the
presence of two or more of the following clinical findings: (a) body temperature greater than

38°C or 367C; (b) heart rate greater than 90 per minute; (¢} respiratory rate greater than 20
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per minute or PACO; less than 32 mmHg; () white blood cell count greater than 12,000
cell/L or less than 4,000 cells/L, or greater than 10% immature (band) forms.
{0042] “Pharmmaceutically acceptable,” as used herein, means a material that is not
biclogically or otherwise undesirable, fe., the material can be adminisiered to an ndividual
along with the compositions of this invention, withoat causing substantial deleterious
biolopical effects or interacting in a deleterious manner with any of the other components of
the composition in which it is contained. The material would naturelly be selected to
minimize any degradation of the aetive ingredient and to minimize any adverse side effects in
the subject, as would be well known to one of skill in the art (see, eg., Remingion's
Pharmaceutical Science; 21% ed. 2005). Exemplary pharmaceutically acceptable carriers for
the compositions of this invention include, bul are not limited to, sterite pyrogen-free water
and stertle pyrogen-free physiological saline solution
{60431 “Concurrently” means sufficiently close in time to produce a combined effect (that
is, concurrently can be simultaneously, or it can be two or more events ocourring within a
short time period before or after each other). In some embodiments, the administration of
two or more compounds "concurrently” means that the two compounds sre 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.
Concuerent administration can be camied out by mixing the compounds prior to
administration, or by administering the compounds in two different formulations, for
exampie, at the same point in time but al different anatomic sites or using different routes of
administration.
{0044}  The present invention is designed to address a physiciogical injury (incurred by any
means) and the mmduced hypercviokinemia. This is asccomplished by treating the acute
comdition with a mast cell stabilizing compound that reduces the release of mediators from
mast cells. These compounds may also be effective at reducing the release of mediators from
other cell types. The net effect is to reduce an overly robust reaction of the innate immune
system, allowing the adaptive immune system to address the initial problem leading to
hypereylokinemia, These compounds may alse be combined with & discase specifics
compound. The disease specific compound targels the initial injury, but the injury may still
have induced or continue o induce a strong cyiokine response. The mast cell stabilizing
compound reduces the released mediators, reducing hypereytokinemia, A reduction in the
acute inflammatory response prevents additional damage produced by out of control

g

inflammation, A combined treatment approach is much more efficacious than a single
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treatment beeause it addresses both the harmful infury {e.g., nfection) and the even more
deleterious cytokine response.

{80457 While some mast cell stabilizing compounds have been used in the past as general
anti-inflammatory agents, the present invention is distinet from prior nses because it involves
freating acute inflammatory conditions as opposed to chronie conditions {e.g, SIRS wvs.
asthma). In addition, the present invention involves treating symptoms caused by infectious
agents such as viruses as opposed to allergic responses to seasonal allergens.

{00461 One of the most comumon conditions that can induce hypercytokinemia is influenza
infection. Flu has a massive mortality and cost impact upon the world each year, causing
over 30,000 deaths a year on average ¥n the US. While there are vaccines for seasonal flu
available, they have limitations in that thelr effectivencss depends on choosing the correct
straios long before the flu season has arrived to enable time for manufacturing,  Available
antiviral therapies are also limited in their effectiveness, because the virus is able to mutate
and become resistant to all corrently known antivirals. Even if the virus infecting a patient is
sensitive to the antiviral used, inhibition of viral spread does not treat a major health risk of
influenza; the induced hypereviokinemia.

{00477 Mast cells are the resident sentinels that detect and react to an initigl infection by
influenza virus.  Viral vecognition by mast cells is accomplished by pattern recognition
receptors and results in rapid degranclation, releasing a plethora of evitokines (Graham er ol.,
J dmmunol. 190: 4676 (20133). This release of mediators calls in the first responders of the
impnune system, including T cells, to attack the infection. Mast cells continue to release
cytokines which spread systemically and continue to recruit more mmune cells to the
mnfection. These attracied cells also release eytokines to ramp up the immune response. The
result can be a self-reinforcing Joop that escalates the response out of proportion to the
infection, The acate symptoms that are felt in flu are caused by the mediators, not the
damage caused by the virus. If left unchecked, this inflammatory response causes tissue
damage in the lungs snd reduces lung function, while at the same time providing an ideal
environment for bacterial growth that resulfs in poeumonis.  If left unchecked, the
inflammatory response in the hungs can lead to acute respiratory distress syndrome (ARDS)
and death,

[0048] Treating a patient with antivirals will not stop this selfreinforcing cyele. In fact, by
the time a patient is experiencing symptoms, it is at least 48 hours into an infection.
Influenza viral budding begins 6 hours afier a cell in infected and continues for days. By the

time the infection is detected and antiviral treatment has begun, there is already a high viral
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ioad and a robust immune respounse: the patient is already far down the reoad leading to
cytokine stormi.  Thus, stopping the virus alone at this stage is not enough to treadt the
physiological condition of influenza-infected patients.

00491 Thos, one aspect of the invention relates to a method of treating, ameliorating, or
preventing hypercytokinemia in a subject in need thereof, comprising administering to the
subject a therapeutically effective or prevention effective amount of a mast cell stabilizing
compound, thereby treating, ameliorating, or preventing the hypercyiokinemia, In some
embodiments, the hypereytokinemia is due fo a disease, disorder, or condition in the subject.
In certain embodiments, the disease, disorder, or condition {s not asthma, conjunctivitis, or
mastocytosiz,  In some embodiments, the disease, disorder, or condition 18 a viral infection,
e.g., & respiratory viras infection, ez, an influenza virus infection. In some embodiments,
the disease, disorder, or condition is not influenza infection,

[0850] Ancther aspect of the invention relates to a method of treating, ameliorating, or
preventing a disorder associated with hypercytokinemia in a subject In need thereof]
comprising administering to the subject a therapeutically effective or prevention effective
amount of a mast cell stabilizing compound, thereby treating, ameliorating, or preventing the
disorder.

{6051] Examples of clinical diagnoses that are associated with acute hypercytokinemia
inclade, without limitation, vival infections such as influenza, inflnenza-like illness, systemic
inflammatory response syndrome {from infectious or non-infectious causes), or sepsis.

{80521 In some embodiments, the methods are carried oul on subjects that have been
diagnosed with hypercytokinemia. In other embodiments, the methods are carried owt on
subjects that have not been diagnosed with hypercytokinemis but have been diagnosed with
or ave suspected of having a disease, disorder or condition associated with hypercytokinemis
and for which the present methods are expected to be beneficial. As can be seen by thig list
of climical diagnoses, a documented elevation of ¢ytokines is not needed to identify patients
that would benefit from this treatment. In fact, it Is understood by those of skill in the art that
the detection of increased systemie levels of cytokines is not always found in patients in
which a cytokine storm is causing harmful effects. The local concentration of cytokines,
particularly in vital organs, more specitically in the lungs, is of greater importance than the
tevel of eytokines found in circulating plasma. Thus, from a practical perspective, relyving on
clinical dingnoses such as those listed above which do not measure eytokines but rather focus
on symptoms or known causes of increased cytokine levels (like a positive influenza test) are

s

more effective in identifying patients that would benefit from the present invention.

10
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90331  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,
comprising administering to the subject a therapeutically effective or prevention effective
amount of g mast cell stabilizing compound, thereby treating, ameliorating, or preventing the
viral {nfection. In seme embodiments, the viral infection is a respiratory virgs infection, e.g.,
aun influenza vivus infection,

{80541 In general, a primary viral infection or reactivated latent virus induces a robust
cytokine response in paticnts. This s particularly dangerous in respivatory viruses, but others
can also induce dangerous levels of cytokines. In these cases, reducing the magnitude of the
hypereytokinemia is beneficial, regardiess of which virus canses the response. Even in cases
where the symptoms are not life-threatening, the elevation of cytokines causes symptoms and
these can be ameliorated by treatment with a mast cell stabilizing compound. Examples of
viruses where this treatment method may be beneficial inchude, but are not Hmited to,
influenza, parainfluenza, norovirus, HIV, parvovirus, sindbis vires, dengue virus, adenovirus,
Epstein-Barr  virus  (EBV), respiratory syncytial  virus  {(RSV), vaceinia  virus,
metapneumovirus, thinovirus, eytomegalovirus {CMV), hepatitis viruses (all types), herpes
simplex virus {all types), papillomaviras, SARS coronavirug, MERS coronavirus, west Nile
virus, veillow fever virus and others. In some embodiments, the virus is not influenza

{6055] A further aspect of the invention relates to a method of treating, ameliorating, or
preventing a fever in a subject {n need thereof, comprising administering to the subject a
therapeutically effective or prevention effective amount of a mast cell stabilizing compound,
thereby ireating, ameliorating, or proventing the fover. In some embodiments, the fever is
associated with a respiratory virus infection, e.g., an influenza virus infection, [In some
embodiments, the fever is associated with a viral infection or other disorder associated with
hypercytokinemia. In some embodiments, the antipyretic effect of the mast cell stabilizing
compound results in a decrease in body temperature of at least 1°C, ez, at 2°C, 3°C, 4°C,
5°C, or more.

{6036] In some embodiments, the methods of the invention further comprise administering
to the subject an additional therapeutic agent for the disease, disorder, or condition. In some
embodiments, the additional therapeutic agent is an antiviral agent, e.g., an anti-influenza
agent.  Examples of anti-influenza agents inchude, withoot lmitation, rimantadine,
amantadine, oseltamivir (Tamifiu™), laninamivie (Inavir™), zanamivir (Relenza®™), peramivir
(Rapivab™, tamiphosphor, favipiravir, VX-787, AL794, S-033188, AB103, TCAD Combo,

AVi-7100, fufivirtide-3, fluconazole (FlaCide™), ribavirin (Virazale), endonuclcase
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inhibitors, watrix M1 inhibitors, antibodies o viral proteins, Vis-410, nitazoxanide, NT-300,
fludase, alferon, PURQ03, EV-077, surfaxin, and homspera. In one embodiment, the anti-
influenza agent is oscltamivir. Oseltamivir treatment for infecied patients is dosed at 73 mg
twice a day for § days. This provides a therapeutic dose systemically for a duration deemed
appropriate for most cases of mmfluenza A and B. In some embodiments, the additional
therapeutic agent is an auntipyretic agent, such as thuprofen, naproxen, ketoprofen,
nimesulide, aspirin, and other non-steroidal anti-inflammatory drugs, and acetaminophen. In
some embodiments, the additional therapeutic drag is an agent used to treat SIRS or sepsis,
¢.g., anti-anaphylaxis apents such as eopinephrine, steroids, and diphenhydramiune, or
antioxidants such as selenium, glutamine, vitamin B, and eicosapentasnoic acid,

100571 The mast cell stabilizing compound may be any mast cell stabilizing compound
known in the art, Examples of mast cell stabilizing compounds include, without mitation,
ketotifen, norketotifen, cromolyn, nedocromil, guercetin, pemirolast, olopatadine, ebastine
and carebastine. In some embodiments of the methods of the invention, the mast cell
stabilizing compound s ketotifen or a pharmaceutically acceptable salt thereof In some
embodiments of the methods of the invention, the mast cell stabilizing compound is
norketotifen or a pharmacentically acceptable salt thereofl In some embodiments, the mast
cell stabilizing compound is a combination of ketotifen or a pharmaceutically acceptable salt
thereof and norketotifen or a pharmaceutically acceptable salt thereof,

{8058] The mast cell stabilizing compound and the additional theraspeutic agent may be
administered to the subject in the same composition or in separate compositions, 2.g.,
administered concurrently, The additions! therapeutic agent can be delivered to the subject
on a different schedule or by a different route as compared to the mast cell stabifizing
compound. The additional therapeutic agent can be any agent that provides a benefit to the
subject.

{6059} The methods of the present invention may also be combined with physical
ireatments that are known in the art to be effective for treating a disease, disorder, or
condition. Physical treatments may include, without limitation, surgery (e.g., removal of
tissue}, transplantation of bone marrow or solid organs, plasmapheresis, modulation (increase
or decrease) of the temperative of a subject or a iissue or organ in the subject, or any
combination thereof

18068 The compounds of the invention may be administered 1o the subject as needed o
treat a disease, disorder, or condition. The compound can be administered continucusly or

2

intermittently. In one embodiment, the compound is administerad to the subject more than
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once a day or onee every 1, 2, 3,4, 5, 6, or 7 days. In another embodiment, the compound is
adminisiered to the subject no more than onee a week, e.g., ne more than once every two
weeks, once g month, once every two months, once every three mouths, once every four
months, once every five months, once every six months, or longer. In a further embodiment,
the compound is administered using two oy more different schedules, e g, more frequently
mitially (for example to build up to a certain level, e g, once a day or more) and then less
frequently {e.g, once a week or less),  In other embodiments, the compound can be
administered by any discontinuous administration regimen, In one example, the compound
can be administered not more than once every tiiree days, every four davs, every five days,
every six days, every seven days, every eight days, every nine days, or every ten days, or
longer. The adminisiration can continug for one, two, three, or four weeks or one, two, or
three months, or longer. Optionally, after a period of rest, the compound can be administered
under the same or a different schedule. The period of rest can be one, two, three, or four
weeks, or longer, according 1o the pharmacodynamic effects of the compound on the subject.

{86611  An examination of peripheral eytokine levels in infected patients shows thatl elevated
circulating levels of cytokines, cspecially P10 and IL-6, are present within hours of infection
swith & peak between day 2 and 4 posteinfection. Sympioms generally appear aroind 2 days
post-infection.  Cytokine levels rise to much higher levels in patienis with more severe
symptoms and remain elevated. Due to the variability of severity and course of infection
from person to person, combination therapy may be administered initially for 5 days and then

continued until symptoms have significantly resolved towards baseline.

s

{60621 The compounds of the invention can be delivered {o the subject by any suitable
route, e.g., oral, rectal, buccal {e.g., sub-lingual), vaginal, parenteral {e.g.. subcutancous,
intramuscular, intradenmal, or intravenous), topical (e, both skin and mucosal surlaces,
including airway surfaces}, nasal and/or oral inhalation, and transdermal administration,

10063} Where the antiviral agent is administered by inhalation {e.g. zanamivir), the mast
cell stabilizing compound and the antiviral agent may be combined in an inhaler for
simultancous delivery. The advaniage of this approach is to deliver both aclive compounds
directly to the site of infection, potentially decreasing the time needed to reach therapeutic
levels 1n infected cells and thereby increasing effectiveness.  An additional advantage of
using a mast cell stabilizing compound {e.g., ketotifens with an inhaled antiviraly is ifs
cffectiveness for treating asthma. One safety issue with vanamivir is the appearance of

adverse events in patients with asthma and chronic obstructive pulmonary disorder. It is

3

possible that the anti-inflanmatory properties of mast cell stgbilizing compounds such as
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ketotifen may reduce these events and increase the population in which an inhaled antiviral
can he utihzed,
[0064] Some new antiviral therapies may be developed that require only a single dose. Two
examples under development are an anti-flu monoclonal antibody 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, likely more
than 3 days, in order to reduce the impact of hyperc:ymkinemia A time-release microsphere
approach could also beused to simultaneonsty deliver the mast cell stabilizing compound and
ensure that it is preseni for an extended time, even with only one dose. Shiny et al. (Int. J.
Fhorm. Investig. 3(31:119 (2013)) is an example of an approach for up to 30-day continuous
delivery.
{8065] 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 antiviral and a mast cell stabilizing compound can be given through an 1V,
providing dosing of both medications for the required time period. [n this way. seriously il
patients that are unable to swallow medication will be able to be treated with this
combination of medication.
{0866} The compounds are delivered to the subject at a dose that is effective to treat the
disorder. The effective dosage will depend on many factors including the gender, age,
weight, and general physical condition of the subject, the severity of the disorder, the
particular compound or composition being administered, the duration of the treatment, the
nature of any concurrent freatment, the carier used, and like factors within the kaowledge
and expertise of those skilled in the art. As appropriate, a treatment effective amount in any
mdividual case can be determined by one of ordinary skill in the art by veference to the
pertinent texts and literature and/or by using routine experimentation (see, e.g. Remington,
The Science and Practice of Pharmacy (217 ed. 2005)). In one embodiment, the mast cell
stabilizing compound is administered at a dose of about 0.001 to about 300 mgikg body
weight, e.g., about 0.001, 0.005, 0.01, 0,05, 0.1, 0.2, 0.3, 04, 0.5,06, 0.7, 0.8, 0.9, 1, 2, 3, 4,
5,6,7. 8,9, 1020, 30, 40, 30, 60, 70, 80, 90, 100, 200, 300, 400, or 300 mg/ky or any range
therein. In some instances, the dose can be even lower, eg, 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,
500, or 1000 mg/kg or higher. For ketotifen the dosing range may be from about 0.001
mgikg to about 40 mg/kg, e.g. from about 0.01 mgke to about 20 mgfkg, ez, about 0.001,

s

0.005, 001, 0.05, 0.1, 05, 1, 2,3, 4,5, 6,7, 8,9, 10 15,20, 25, 30, 35, or 40 mu/kg or any
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range therein. For norketotifen the dosing range may be from about 0.001 mpgfg to about
500 mg/kg, e.g., from about (.01 mglke to about 200 mg/kg e g, about 0,001, 0.005, 0.01,

0.05, 01,05, 1,2,3,4,5,6,7,8 9, 1015, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
83, 90, 95, or 100, 150, 200, 250, 300, 350, 400, 450, or 500 mg/kg or any range therein, The
present invention encompasses every subqrange within the eited ranges and amounts. These
doses may be administered once per day or more than once per day, e.g., 2, 3, or 4 times per

day.

{0867) Because symptoms of influenza do not generally appear until one or two days nto
the infection, it is desirable that systemic therapeutic levels of the mast cell sigbilizing
compound and the additional therapeutic agent be obtained quickly to prevent both viral
spread and the accumulation of higher level of cytokines. In order to accomplish this in a
way that will provide easy patient compliance, a time refease 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 published pharmacokinetic data.

{08681 Twice daily dosing at 2 mg per dose is the current approach used for mast cell
disorders. It takes at least 2.5 days to approach a steady state level near 2 ng/ml. the 4
mg/day dosing is taken in one dose, it surpasses the steady state level rapidly, but each day
the overall Jevel drops significantly and falls below 2 ng/ml. If a time release approach is
used with the first dose doubled to § mg, the 2 ng/mi level is achieved quickly, the overall
tfevel does not go toe high and a consistent dose above 2 ng/mli is maintained, Thus, the use
of a time release approach, optionally with an increased indtial dose, allows for a rapid
increase of systemic drug lovels that are maintained throughout the treatment.

{00691  One property of many viruses, including influenza, is that they cause a great deal of
nasal inflammation and secretions. [t may be advantageous to deliver this combination of an
antiviral agent and mast cell stabilizing compound using an intranasal route (e.g., by nasal
institlation and/or nasal inhalation), providing the mast cell stabilizing compound directly to
the stnus cavity, Sinus cavities are rich in vasculature, enabling many drugs to be efficiently
absorbed systemically using this approach. In fact, ketotifen has been shown to be more
biogvailable using intranasal delivery in rabbits than any other rovie. An additional benefit of
a mast cell stabilizer like ketotifen is its antibistamine propertics, allowing for a rapid and
efficient reduction i severe nasal symplons.

108701 Some medications are delivered subcutancously or intramuscularly to ensure the
availability of compounds that are not readily absorbed by other adminisiration routes. This

method also has the advantage of speed and being practical in hospitals, physician’s offices,
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pharmacies and the home. There are many auto injector systems available that would
facilitate self-ingection of therapeutic doses of the combination of the invention. In this case
the componnds may be mixed in a single chamber if they are compatible, or a dual chamber
system may be employed to keep the antiviral and mast cell stabilizing compound in separate
compartments until dosing. As it is likely that the dosing schedule will be several days, a
system that allows for multiple dosing from a single device (or *pen™) would increase
convenience gnd compliance with the needed injection schedule,

{80711 For some patients {(including children), swallowing tablets or pills is difficult or
impossible.  In these cases, it may be advantageous to deliver the combinaiion of the
invention in an oral lguid fornmuilation, This formulation may deliver the deug combination
in a fme release mechavism or any other desired delivery profile.  This may also be
accoraplished using a suppository for intra-rectal delivery,

[0072)  The present invention finds tse in research as well as veterinary and medical
applications. Suitable subjects are generally mammalian subjects. The term “manumal”™ as
used herein includes, but is not limited to, humans, non-human primates, cattle, sheep, goats,
pigs. horses, cats, dog, rabbits, rodents (e.g., rats or mice), efc. Homan subjects include
neonates, infants, juveniles, adolts and geriatric subjects.

{08731  In particular embodiments, the subject is a human subject that has hypercviokinemia
or a disorder associated with hypercytokinemia, eg., viral infections such as influenwa,
influenza-tike illness, systemic inflammatory response syndrome, or sepsis, or a fever. In
other embodiments, the subject is a human subject at risk for developing hypercytokinemia or
a disorder associated with hypercytokinemia, e.g., a subject 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 eytokines starts within hours
of infection. While the associated local inflammation may serve to restriet spreading of the
virus, in most cases ihe systemic increases iv eytokines does little to prevent the spread of
infection and likely slows down the clearance of virus by the adaptive imrmune system. In
addition, the accumulated fnids from inflammation aid in the spread of the virus through
sneezing and coughing. The microdroplets produced enable viral particles fo remain viable
for extended times in an aerosol, allowing 1t 1o spread more effectively. The methods of the
invention may be used prophylactically to reduce symptoms in anyvone infected and reduce
the spread of viras. lu other ewbodiments, the subject used in the methods of the invention is

an animal model of hypercytokinemia or a disorder associated with hypercytokinemia.
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{0074] The subject can be a subject “in need of” the methods of the present invention, ¢.g

L
in need of the therapeutic and/or prophylactic effects of the inventive methods,
{8075} In some embodiments, the subject is one that is in & higher risk population for the

viral infection, e g, influenza infection. These would include, but are not limited to, the
elderly, the very young, pregnant women, immunocompromised patients, and ethnic groups
shown to be at higher risk (for example American Hskimo, Native American), In addition,
very virulent strains of Influenza have induced more severe disease in healthy individuals
between the ages of 20 and 50 {the pandemic strain from 2009 being the most recent
example), and this regime is likely to be more effective in this group for a virnlent steain.
{0076] A further aspect of the invention relates to a pharmaceutical composition comprising
norketotifen and a pharmaceutically acceptable carrier. The pharmaceutical composition may
further comprise an additional therapeutic agent, eg., an antiviral ageni, e.g, an anti-
influenza agent, e.g., oscltamivir,
E{Bﬁ’,f’?} Another aspect of the invention relates o a pharmaceutical composition comprising
etotifen, an additional therapeutic agent, and a pharmaceutically acceptable carrier. In some
embodiments, the additional therapeutic agent is an antivival agent, e g., an anti-influenza
agent, ¢.p, oselamivir,
[0078] An additional aspect of the invention relates to a dosage form comprising the
pharmaceutical composition of the invention. The dosage form may be any dosage form
krrowr in the art that is suitable for the methods of the present invention. The dosage form
may be, without {imitation, a solid or Hguid oral dosage form, a dosage form for nasal and/or
oral inhalation, a dosage form for intravenous administration, a dosage form for transdermal
or mucosal adwministration {e.g. a paich), a dosage form for injection (e g, subcutaneous or
inframuscular), & dosage form for implantation (e.g., a dissolvable formulation or g device
such as a pumyp), or a dosage form for ocular administration,
{00791  The compounds of this invention (e.g, mast cell stabilizing compounds such as
ketotifen and norketotifen) include all pharmaceutically accepiable salt forms thereof.
Examples of such salts inclade those derived from pharmaceutically acceptable inorganic and
organic acids and bases. Examples of suitable acid salts include, without {imitation, acetate,

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

heptanoate, hexanoate, hydrochloride, hydrobromide, h}fdroicdide, 2=
hydroxyethasesulfonate, lactate, maleate, malonate, methanesulfonate, nicotinate, nitrate,

oxalate, palmoate, pectinate, persulfate. hydroxyuapthoate, pivalate, propionate, salicylate,

suceinaie, sulfate, tartrate, thiocyanate, tosviate and undecanoate. Other acids, such as oxalic,
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while not in themselves pharmaceutically acceptable, can be employed in the preparation of
salts. useful as intermedistes in obtaining the compounds of the invention and their
pharmaceustically acceptable acid addition salts,

{00801  Salts derived from appropriate bases include, without limitation, alkali metal {e.g.,
sudiur, potassivmy, alkaline earth metal (e g, magnesinm and calcium), ammonium and N-
(alkyl) salts,

{60817 Compounds of the invention inclode those having quaiemization of any basic
nitrogen-containing group therein.

{6682] The discussion herein is, for simplicity, provided without reference to
sterecisomerism, Those skilled in the art will appreciate that the compounds of the invention
can contain one or more asymmetric centers and thus occur as racemates and racemic
mixtures, siogle optical isomers, individual diastercomers, and diastersomeric mixtures, All
such isomeric forms of these compounds are expressly included in the present invention.
[6083] Similarly, compounds of the invention containing & double bond can exist in the
form of geometric isomers, which can be readilv separated and recovered by conventional
procedures. Such isomeric forms are inchuded in the scope of this invention.

{0084] Unless otherwise stated, structures depicted herein are also meant to include
compounds that differ only in the presence of one or more isotopically enriched atoms. For
example, compounds having the present structures except for the replacement of hydrogen by
denterium or tritium, or the replacement of a carbon by a PC- or MCecnriched carbon are
within the scope of this invention. Such compounds are useful, for example, as analytical
tools or probes in biological assays.

{80831 Turther, the compounds of the invention include prodrugs of the compounds that are
converted to the active compound in vive. For example, the compound can be wodified to
enhance cellular permeability {e.g., by esterification of polar groups) and then converted by
cellutar enzymes to produce the active agent. Methods of masking charged or reactive
moieties as a pro~drug are known by those skilled in the art (see, e g, P. Korgsgaard-Larsen
and M. Bundgaard, A Textbook of Drug Design and Development, Reading LUK, Harwood
Academic Publishers, 1961),

[6886] The term “prodrug” refers to compounds that are rapidly transformed in vive to vield
the parent compound of the above formula, for example, by hydrolysis in blood, see, e g, 1.
Higuchi and V. Stella, Prodrugs as Novel delivery Systems, Vol 14 of the ACS,
Symposhum Series and in BEdward B. Roche, ed., Bioreversible Carriers in Drug Design,

Aunerican Pharmacentical Assccigtion and Pergamon Press, 1987, both of which are
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incorporated by reference herein. See alseo 118, Patent No. 6,680,299, Exemplary prodrugs
include a prodrug that is metabolized in vivo by a subject to an aclive drug having an activity
of the compounds as described herein, wherein the prodrig is an ester of an alcohol or
carboxylic actd group, if such a group is present in the compound; an amide of an amine
group or carboxylic acid group, if such groups are present in the cormpound; a urethane of an
amine group, if such a proup is present in the compound; an acetal or ketal of an alcohol
group, if such a group is present in the compound; a N-Marnich base or an imine of an amine
group, if such a group is present in the compound; or a 8chiff base, oxime, acetal, enol ester,
oxazolidine, or thiazolidine of a carbonyl groap, if such a group is preseni in the compound,
such as described, for example, in U.S. Patent No, 6,680,324 and U8, Patent No. 6,680,322
{0687] The term “phanmaccufically acceptable prodrug” (and like terms) as used herein
refers to those prodrugs of the compounds of the present invention which are, within the
scope of sound medical judpgment, suitable for use in contact with the iissues of humans
and/or other animals without undue foxicity, irritation, allergic response and the like,
commensurate with a reasonable risk/benefit ratio, and effective for their intended use, as
well as the zwitterionic forms, where possible, of the compounds of the invention.
{06881 The compounds of the invention described above can be formulated for
administration in a pharmaceutical carrier in accovdance with known techniques. See, eg,
Remington, The Science 4dnd Practice of Pharmaey (21 ed. 2005). In the manufaciure of a
pharmaceutical composition according to the invention, the compound is tvpically admixed
with, fnfer afia, an acceptable carrier. The carrier must, of course, be acceptable in the sense
of being compatible with any other ingredients in the formulation and must not be deleterions
to the patient. The carrier can be a solid or g liquid, or beth, and can be formulated with the
compound as a unit-dose formulation, for example, a tablet, which can contain from 0.01% or
0.5% to 95% or 99% by weight of the compound. One or more compounds can be
incorporated in the formulations of the invention, which can be prepared by any of the well
known techniques of pharmacy comprising admixing the components, optionally including
one or more aceessory ingredients.
{08891 The formulations of the invention inclode those suitsble for oral, rectal. topicsal,
buccal (e.g., sub-lingual), vaginal, parenteral (e.g., subcutancous, intramuscular, intradermal,
or intravenous), topical (fe.. both skin and yucosal surfaces, including airway surfaces),
nasal and/or oral inhalation, and transdermal administration, although the most suitable route
in any piven case will depend on the nature and severity of the condition being treated and on

the nature of the particular active compound which is being used.
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{00901 Formulations suitable for oral administration can be presented in discrete units, such
5 capsules, cachets, lozenges, or tablets, cach containing a predetermined amount of the
active compound; as a multiparticulate, powder or granules; as a solution or a suspension in
8N aquenus or nog-aquecus Hguid; or as an oil-in-water or water-in-oil emulsion.  Such
formulations can be prepared by any suitable method of pharmacy which includes the step of
bringing into association the compound and a suitable carrier (which can contain one or more
accessory ingredients as noted above). In general, the formulations of the invention are
prepared by uniformly and intimately admixing the compound with a liquid or finely divided
solid carrier; or both, and then, if necessary, shaping the resulting mixture. For example, a
tablet can be prepared by compressing or molding a powder or pranules coniaining the
compeund, optionally with one or more accessory ingredients. Compressed tablets can be
prepared by compressing, in 4 suitable machine, the compound in a free-flowing form, such
as a powder or granules optionally mixed with a binder, lubricant, inert diluent, and/or
surface active/dispersing agent(s). Molded tablets can be made by moiding, in a suitable
machine, the powdered compound moistened with an inert iquid binder
{6691] The term “tablet” as used herein includes, but is not limited to, immediate releass (IR)
tablets, sustained release (SR) tablets, extended release (ER) tablets, matrix tablets, multilayer
tablets, multilayer matrix tablets, delayed release tablets and pulsed release tablets, any or all of
which may optionally be coated with one or more coating materials, including polymer coating
materials, such as enteric coatings, rate-controlling coatings, semi-permeable coatings and the
like. The term “tablet” also includes osmotic delivery systems in which a drug compound is
combined with an osmagent {(and optionally other exeipients) and coated with a semi-permesble
membrane, the semi-permeable membrane defining an orifice through which the drug compound
may be released. Tablet solid oral dosage forms that may be useful in the practice of the
invention include those selected from the group consisting of IR tablets, SR tablets, ER tablets
coated R tablets, coated SR tablets, coated ER tablets, matrix tablots, coated mairix tablets,
multifayer tablets, coated multilayer tablets, multilayer matrix tablets and coated mufiilayer
matrix tablets. In some embodiments, a tablet dosage form is an enteric-coated tablet dosage
form, In some embodiments, a tablet dosage form is an enteric-coated extended releass tablet
dosage forny.
106921 The serm “capsule™ gs used herein includes, but is not Hmited to, IR capsules, SR
capsules, ER capsules, coated IR capsules, coated SR capsules, and ER capsules, including
delayed release capsules, Capsules may be filled with powders, granules, multipartioulates,

tablets, semi-solids, or liquids. In some erabodiments, a capsule dosage form is an enteric-coated
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capsule dosage form. In some embodiments, a capsule dosage form is an enteric-coated extended
release capsule dosage form. Capsules may be made of hard gelatin, soft gelatin, starch, celiutose
polymers, or other materials as known to the art
{00931 The term “multiparticulate™ as used herein means a plurality of discrete panticles,
microparticles, nanoparticles, pellets, mini-tablets and mixtures or combinations thereof, if the
oral form Is a multiparticulate capsule, hard or soft gelatin capsules or capaules of other materials
can suitably be used to contain the multiparticulate. In some embodiments, a sachet can suitably
be used to contain the multiparticulate. In some embodiments, the multipacticalate may he coated
with a layver coptaining rate controlling polymer material.  In some embodiments, a
multiparticulate 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 viire andfor in vivo
release characteristies. For exampie, o multiparticulate oral dosage form may comprise a blend of
an instant release component and a delayed release component contained in a suitable capsule.
{6094} In some embodiments, the multiparticulate and one or more suxiliary excipient
materials can be compressed into tablet form such as a2 multifayer tablet. In some embodiments, a
multiayer tablet may comprise two layers containing the same or different levels of the same
active ingredient having the same or different release characteristics. In some embodiments, a
multifayer tablet may vontain different active ingredients fu each layer. Such a tabiet, gither
single layered or multilayered, can optionally be coated with a controlled release polymer so as to
provide additional controlled release properties. In some embodiments, a multiparticulate dosage
form comprises a capsule containing delayed release rapid onset minitablets.  In some
embodiments, a multiparticulate dosage form comprises a delaved release capsule comprising
instant release minitablets. In some embodiraents, a multiparticulate dosage form comprises &
capsule comprising delayed release granules. In some embodiments, a multiparticulate dosage
form comprises a delaved release capsule comprising instant release granules,
{00951 Formulations suitable for buccal (sub-lingnal) administration include lozenges
comprising the compound in a flavored base, usually sucrose and acacia or tragacanth; and
pastilles comprising the compound in an inert base such as gelatin and glycerin or sucrose
and acacia.
[0096] Formulations of the present invention suitable for parenteral administration comprise
sterile aqueous and non-agueous injection solutions of the compound, which preparations are
preferably isotonic with the blood of the intended vecipient. These preparations can contain
iti~oxidants, buffers, bacteriostats and solutes which render the formulation isotonic with
the blood of the intended recipient. Agueous and non-aquecus sterile suspensions can
nelude suspending agents and thickening agents. The formulations can be presented in

L3
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unit/dose {e.g., in a syringe or other injection device) or multi-dose containers, for example
sealed ampoules and vials, and can be stored in a fresze-dried (lyophilized) condition
requiring only the addition of the sterile Hquid carrier, for example, saline or water-for-
injection immediately prior to use. Extemporanecus injection solutions and suspensions can
be prepared from stertle powders, granules and {ablets of the kind previously described. For
example, in one aspect of the present invention, there is provided an injectable, stable, sterile

composition comprising one or more compounds, in a unit dosage form in a sealed container.
The compound is provided in the form of a lvophilizate which is capable of being
reconstituted with g suitable pharmaceutically acceptable carrier to form a lquid composition
suitable for injection thereof into a subject. The unit dosage form typically comprises from
about (L00] wog to about 10 grams of the compound. When the compound 1s substantially
water-insoluble (e.g., when conjugated to a lipid), a sufficient amount of emulsifving agent
which is physiologically acceptable can be emploved in sufficient quantity to emulsify the
compound in an aqueous carrier. One such useful emulsifying agent is phosphatidyl choline.

{8097] Formulations suitable for rectal administration are preferably presented as unit dose
supposttories.  These can be prepared by admixing the compound with one or more

conventional solid carviers, for ex&mp‘ie, cocoa butter, and then shaping the resulting mixture.

{098} Formulations suitable for topical application fo the skin preferably take the form of
an ointment, cream, lotlon, paste, gel, spray, osol, or oil, Carriers which can be used

include petreleuam jelly, lancline, polyethylene glycols, alcobols, transdermal enhancers, and
combinations of two or more thereof,
{0099  Formulations suitable for {ransdermal administration can be presented as discrete

patches adapted to remain in intivcate contact with the epidermis of the recipient for a

1

prolonged period of time. Formulations suitable for transdermal administration can also be
delivered by fontophoresis (see, for example, Pharm. Res. 3:318 (198631 and typically take
the form of an optionally buffered aqueous solution of the compound. Suitable formulations
comprise citrate or bisitris buffer (pH 6) or cthanolwater and contain from 0.1 to 0.2 M
ctive ingredient,
{6180} Other pharmaceutical compositions can be prepared from the compounds disclosed
herein, such as aqueous base emulsions. In such an instance, the composition witl contain a
sufficient amount of pharmaceutically acceptable emulsifying ageni to emulsify the desired
amount of the compound. Particolarly useful emulsifying agemts include phosphatidyl

cholines and lecithin,
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{0161} In addition to compound, the pharmaceutical compositions can contain other
additives, such as pH-adjusting additives. In particular, useful pH-adjusting agents include
acids, such as hydrochloric acid, bases or buffers, such as sodium lactate, sodium acetate,
sodium phosphate, sodiom citrate, sodium borate, or sodiwm gluconate. Further, the
compositions can contain microblal preservatives.  Useful microbial preservatives include
methylparaben, propyiparaben, and benzyl alcohol. The microbial preservative is typically
employed when the formulation is placed n a vial designed for multidose use. Other
additives that are well known in the art include, e.g., detackifiers, anti-foaming agents,
antioxidants (e.g., ascorbyl palmitate, butyl hyvdroxy anisole (BHA), butyl hydroxy toluene
(BHT) and tocopherols, e.g., a-tocopherol (vitamin £)}, prescrvatives, chelating agents (e.g.,
EDTA andfor EGTA), viscomodulators, tonicifiers {e.g., a sugar such as sucrose, lactose,
and/or mannitol), favorants, colorants, odorants, opacifiers, suspending agents, binders,
fillers, plasticizers, lubricants, and mixmres thereof The amounts of such additives can he
readily determined by one skilled in the art, according to the particular properties desired.
{0162] 'The additive can also comprise a thickening agent. Suitable thickening agents can
be those known and employed in the art, including, eg., pharmaceutically accepiable
polymeric materials and inorganic thickening agents. Exemplary thickening agents for use in
the present pharmaceutical compositions include polyacrylate and polyacrylate co-polvmer
resing, for example poly-acrylic acid and poly-acevlic acid/methacrylic acid resins; celluloses
and cellulose derivatives including: alkyl celluloses, e.g. methyl-, ethyl- and propyl-
celluloses; hydroxyalkyl-celluloses, e.g, hydroxypropyl-celluloses and hydroxypropylalkyi-
celluloses such as hydmxmmmyivmethy]"ceﬁuic\ses; acylated celluloses, eg, celluloses
acetates, cellulose-acetatephthaliates, cellulose-acetatesuceinates and hydroxypropyimethyl-
celiulose phthallates; and  salts  thercof such as  sodium-carboxymethyl-cefiuloses;
polyvinylpyrrolidones, including for example poly-Nevinylpyrrolidones and vinvipyrrolidone
co-polymers such as vinylpyrrolidone-vinylacetate co-polymers; polyvinyl resing, eg,
including polyvinylacetates and alcohols, as well as other polymeric materials including gum
traganth, gum arabicum, alginates, e g, alginic acid, and salis thereof, e.g., sudium alginates;
and imorganic thickening agents such as atapulgite, bentonite and silicates inciuding
hydrophilic silicon dioxide praduocts, e.g., alkylated (for example methylated) silica gels,
particular colloidal silicon dioxide products. Such thickening agenis as deseribed shove can
be incladed, e g., to provide a sustained 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, indivated, e g where
topical application is foreseen.

{0103} Further, the present invention provides liposomal formulations of the compounds
disclosed herein. The technology for forming Hposomal suspensions is well known in the art.
When the compound is in the form of an aqueous-soluble material, using conventional
Hposome techoology, the same can be incorporated into Hpid vesicles. in such an instance,
due to the water solubility of the compound, the compound will be substantially entrained
within the hydrophilic center or core of the liposomes. The lpid layer employed can be of
any conventional composition and can either contain cholesterol or can be cholesterol-free.
When the compound of interest is water-insoloble, again employing conventional liposome
formation technology, the compound can be substantially entrained within the hyvdrophobic
lipid bilayer which forms the structive of the liposome, In either insiance, the liposomes
which ave produced can be reduced in size, as through the use of standard sonication and
homogenization technigues. The liposomal formulations containing the compound disclosed
herein, can be lvophilized to prodoce a lyvophilizate which can be reconstitited with a
pharmaceutically acceptable carrier, such as water, to regenerate a liposomal suspension,
{104]  In certain embodiments, the dosage form is an extended release dosage form. The
dosage form may have a half-life of at least 24 hours. In some embodiments, the extended
release dosage form will provide a slower release of the drug over & 24-hour time period such
that a consistent, tight range of the drug is avaiiable systemically for 24 hours. In certain
embodiments, as shown in the example in Figure 1, the serum level of the compound is kept
above 2 ng/ml throughout the treatment period, but at the same time does not rise above 2.5
ng/mL. The dosage form may comprise and/or be coated with a rate controlling polymer
material, e.g.. hydroxypropyl methyleeliulose, a polymer of acrvlic or methacrylic acid or their
respective esters, or copolymers of acrylic o methacrylic acid or their respective esters,

[0165] In any of the above-mentioned embodiments, a controlled release coating {e.z., an
enteric coating) may be applied to the final dosage form (capsuie, tablet, multilaver tablet, etc.).
The controlled release coating may typically comprise a rate controlling polvmer material as
defined sbove, The dissolution characteristics of such a coating material may be pH dependent or
independent of pH.

10186] The term “rate controiling polymer material” as used herein includes hydrophilic
polvmers, hydrophobic polymers and muxtures of hydrophilic and/or hvdrophobic polvmers that
are capable of controlling or retarding the release of the compound from a dosage form of the

present invention. Sultable rate controlling polymer materials include those selected from the
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group consisting of hydroxyalkyl cellulose such as hydroxypropy! celfulose and hydroxypropyl
methyl cellolose; poly(ethylene) oxide; alky!l cellulose such as ethyl cellulose and methyl
cellulose; carboxymethyl ceflulose; hydrophitic cellulose derivatives; polyethylene glyeol:
potyvinylpyreotidone; cellulose gcetate; cellulose acetate butyrate; cellulose acetate phthalate
cellulose acetate trimellitate; polyvinyl acetate phthalate; hydroxypropylmethyl cellulose
plithalate; hyvdroxypropyimethyl cellulose acetate succinate; polyvinyl acetaldiethylamino acetate:
poly(atkylmethacrylate) and poly (vinyl acetate). Other suitable hydvophobic polymers include
polymers and/or copolymers derived from acrylic or methacrylic acid and thelr respective asters,
zein, waxes, shellac and hydrogenated vegetable oils. Particalarly useful in the practice of the
present invention are poly aecrylic acid, pely acrylate, poly methacrylic acid and poly
methacrylate polymers, 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.

{0167 The foregoing is Hustrative of the present invention, and is not to be construed ag
Hmiting thereof. The invention is defined by the following claims, with equivalents of the
claims to be incihuded therein. Al publications, patent applications, patents, patent
publications, and any other references cited herein are incorporated by reference in their
entireties for the teachings relevant to the sentence andfor paragraph iny which the reference is

presented,

25



WO 2018/048989 PCT/US2017/050409

What is Claimed is:

L. A method of treating, ameliorating, or preventing hypercytokinemia in a subject in
need thereof, comprising administering to the subject a therapeutically effective or prevention
effective arnount of g mast cell siabilizing compound, thereby treating, ameliorating, or
preventing the hypercytokinemia.

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

E

condifion in the subject.

3, The method of claim 2, wherein the disease, disorder, or condition is not asthma.

conjonctivitis, or masioeytosis.

4, The method of claim 7 or 3, wherein the disease, disorder, or condition is a viral
infection.

5. The method of claim 4, wherein the viral infection is an influenza virs infection.

6. The method of any one of claims 2-8, further comprising administering to the subject

an additional therapeutic agent for the disease, disorder, or condition.

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-infheenza agent is oseltamivir,

18, A method of treating, ameliorating, or preventing a disorder associated with
hypercytokinemia in a subject in need thereof, comprising administering to the subject a
therapeutically effective or prevention effective amount of a mast cell stabilizing compound,

thereby treating, ameliorating, or preventing the viral infection.
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11, The methoed of claim 10 wherein the disorder 13 a viral infection, influenza-like

iliness, 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, firther comprising administering to the

subject any additional therapeutic agent.
14, The method of elaim 13, wherein the additional therapeutic agent is an antiviral agent.

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

agent.
16, The method of claim 15, wherein the anti~influenza agent is oseltamivir.

17. A method of treating, ameliorating, or preventing g fever in a subiect in need thereof,
comprising administering to the subject a therapeutically effective or prevention effective

amount of a mast ceil stabilizing compound, thereby treating, ameliorating, or preventing the
fever.
18, The method of claim 17, further comprising administering to the subject an additional

therapeuiic agent.

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

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

e

1

ketotifen or a pharmaceutically acceptable salt thereof,

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

norketotifen or a pharmaceutically acceptable salt thereof
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2. 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, 13-16, or 18-21, wherein the mast cell
stabilizing compeund and the additional therapeutic agent are administered in sepavate

composttions.

24, The method of any one of claims 1-23, further comprising performing a physical
treatment on the subject.

25, The method of claim 24, whereln the physical treatment is surgery, transplantation,

o

plasmapheresis, modulation of temperature, or any combination thereof,

26. A pharmaceutical composition comprising norketotifen and a pharmaceutically

acceptable carrier,

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

therapeutic agent.

28. The pharmaceutical composition of claim 27, wheretn the additional therapeutic agent
g &

i an antiviral agent.

28, ‘The pharmaceutical composition of claim 28, wherein the antiviral agent is an anti-

influenza agent.

0. The pharmacentical composition of claim 29, wherein the anti-influenza agent is

ud

oseltamivir,

31 A pharmaceutical composition comprising ketotifen, an additional therapeutic agent,
i ; & fol 2

add a pharmaceutically acceptable carrier,

32, 'The pharmaceutical composition of ¢laim 31, wherein the additional therapeutic agent

is an antiviral agent,
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33, The pharmaceuntical composition of claim 32, wherein the antiviral agent is an anti-

influenza agent.

34, The pharmaceutical composition of claim 33, wherein the anti-influenza agent is

oseltamivir,

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

fe

36.  The dosage furm of claim 35, wherein the dosage form is an extended release dosage

37, The dosage form of claim 35 or 36, which is a solid or liquid oral dosage form.

38.  The dosage form of claim 35 or 36, which is a dosage form for nasal andfor oral

inhalation.

39, The dosage form of ¢laim 35 or 36, which is & dosage form for intravenous

atdministration.

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

i

mucosal administration.

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

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

43, the dosage form of claim 35 or 36, which is a dosage form for ocular administration.
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