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USE OF LEVOCETIRIZINE AND MONTELUKAST IN THE TREATMENT OF
AUTOIMMUNE DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of priority to U.S.
Provisional Patent Application No. 61/780,420, filed March 13, 2013. The foregoing

application is fully incorporated herein by reference for all purposes.

BACKGROUND

[0002] Autoimmunity is described as an immune response directed against an
antigen within the body of the host. This definition is independent of whether the
response is innate or acquired, and if acquired whether it is induced by a foreign or
autochthonous antigen. In other words, if acquired, the response is induced by a foreign
antigen or antigen found in the part of the body or locality in which it originates, such as
that produced by a cancer. Autoimmunity usually involves both T-cell and B-cell
responses in a three dimensional complex immunologic array. The primary requirement is
an immune response directed to a self-antigen.

[0003] In dealing with human disease it is often difficult to establish causality.
As such the diagnosis of an autoimmune disease may be established by direct evidence,
indirect evidence or circumstantial evidence. Direct evidence usually involves the transfer
of an antibody from a patient to a healthy recipient. Indirect evidence can be found in
such disease states as: (a) the reproduction of disease in animals via immunization with a
select antigen, (b) naturally occurring disease in animals resembling the human
counterpart, and (c¢) disease created by manipulating the immune system. Circumstantial
evidence, the lowest level of proof, is suggested by confirming the presence of
autoantibodies. Another type of circumstantial evidence is identified from the finding that
autoimmune diseases have a tendency to cluster, likely from defined or yet to be defined
genetic susceptibility traits. From a pathological perspective, with few exceptions, all
autoimmune diseases require the presence of self-reactive CD4 T lymphocytes.

[0004] A separate category of autoimmune diseases, the autoinflammatory
diseases, exists in which there is no evidence of adaptive immunity in the form of self-
reactive T cells. This latter group consists of a core of six disorders known as hereditary

recurrent fever syndromes.
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[0005] Clinically, physicians tend to categorize autoimmune diseases as
systemic (such as in the case of systemic lupus erythematosis) or organ-specific (such as
type 1 diabetes mellitus). Therapy has generally been directed to the specific disease and
associated presentation. Four therapeutic approaches are usually employed, but the
complex causes of the two categories of autoimmune disorders offer considerable
challenges to the development of new therapies. Moreover, many of the current
modalities—such as the immunomodulators, immuonosuppressants, steroids, and
intravenous gamma globulin, to name a few—precipitate side effects that are worse than

the underlying disease.

SUMMARY

[0006] Methods of treating autoimmune disorders in a patient in need thereof
are disclosed. The method comprises administering to the patient an effective amount of
a combination of levocetirizine and montelukast.

[0007] In a variation, a method of treating a symptom of an autoimmune
disorder in a patient in need thereof is disclosed. The method comprises administering to
the patient an effective amount of a combination of levocetirizine and montelukast.

[0008] In some embodiments, the autoimmune disorder is idiopathic
thrombocytopenia purpura. In some embodiments, the autoimmune disorder is
autoimmune neutropenia.

[0009] The combination of levocetirizine and montelukast may be
administered at the onset of symptoms for any of the disclosed methods.

[0010] The combination of levocetirizine and montelukast may be
administered in a sequential manner for any of the disclosed methods.

[0011] The combination of levocetirizine and montelukast may be
administered in a substantially simultaneous manner for any of the disclosed methods.

[0012] In some embodiments of the disclosed methods, an additional active
agent may be administered. The additional active agent may be a steroid.

[0013] In some embodiments, a glucocorticoid may be administered. The
glucocorticoid may be prednisone. In some embodiments, the glucocorticoid may be
methylprednisolone.

[0014] In some embodiments, the additional active agent can be an

immunosuppressant. The immunosuppressant may be methotrexate.
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[0015] In some embodiments, the additional active agent can be a supplement.
The supplement may be ferrous gluconate. The supplement may also be vitamin C.

[0016] In some embodiments, an antibacterial may be administered. The
antibacterial may be dapsone.

[0017] In some embodiments, the additional active agent is a protein. The
protein may be filgrastim (Neupogen®).

[0018] In some embodiments, an immunomodulator may be administered. The
immunomodulator may be lenalidomide (Revlimid®).

[0019] In some embodiments of the disclosed methods, the combination may
be administered to the patient by one or more of the routes consisting of enteral,
intravenous, intraperitoneal, inhalation, intramuscular, subcutaneous and oral.

[0020] In some embodiment, the Ilevocetirizine and montelukast are
administered by the same route.

[0021] One embodiment is directed to methods, formulations and kits for
treating autoimmune disorders. The methods and formulations include, but are not
limited to, methods and formulations for delivering effective concentrations of
levocetirizine and montelukast to a patient in need. The methods and formulations can
comprise conventional and/or modified-release elements, providing for drug delivery to
the patient.

[0022] In some embodiments, the methods of treatment, formulations and kits
may include e.g., a bilayer tablet, comprising levocetirizine and montelukast in separate
layers, for daily administration. Alternatively, each medication may be administered
separately (one tablet of levocetirizine and one tablet of montelukast per dayin the
evening). In some embodiments, a combination of levocetirizine and montelukast, either
as a single formulation or as separate formulations, may be administered for 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15 days or more for the treatment of autoimmune diseases.
In several embodiments, the autoimmune disease may be idiopathic thrombocytopenia
purpura or autoimmune neutropenia. The bilayer tablets or the separate tablets may be
packaged in a blister pack supplied for a 7 to 10 day course of therapy, with instructions
including indications, administration instructions and precautions. In some embodiments,
a combination of levocetirizine and montelukast, either as a single formulation, such as a
bilayer tablet, or as separate formulations, may be administered for approximately 1, 2, 3,
4,5,6,7,8,9,10, 11, 12 months or more for the treatment of chronic inflammation. In

some embodiments, a combination of levocetirizine and montelukast, either as a single
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formulation, such as a bilayer tablet, or as separate formulations, may be administered for
approximately 1 year, 2 years, 3 years, or more for the treatment of chronic inflammation.
The bilayer tablets or the separate tablets may be packaged in a blister pack supplied for a
30 day course of therapy, with instructions including indications, administration

instructions and precautions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Figure 1 shows a diagram of the proposed anti-inflammatory
mechanism of action of levocetirizine and montelukast utilizing a steroid model pathway.
[0024] Figure 2A-2C shows platelet counts of a patient as described in
Example 1.
[0025] Figure 3 shows a diagram of an Immune Thrombocytopenia Purpura

Treatment Algorithm.

DETAILED DESCRIPTION

[0026] The present embodiments relate to the combination of levocetirizine
and montelukast as a medicament for the treatment of acute, subacute and chronic
inflammation. Several embodiments relate to the combination of levocetirizine and
montelukast for the treatment of non-IgE-mediated, IgE-mediated, and/or combined non-
IgE-mediated and IgE-mediated inflammation. Traditional allergic rhinitis is an IgE
mediated disease; up to 70-80% of patients with asthma also have allergic rhinitis (atopic
asthma). Administration of levocetirizine and montelukast in combination exhibits
synergistic effects and unexpectedly superior results in the treatment of influenza,
common cold, allergic rhinitis and acute, subacute, and chronic inflammation. Moreover,
combinations of levocetirizine and montelukast can be used safely in conjunction with
many existing treatment protocols.

[0027] Levocetirizine is an antihistamine and montelukast is a leukotriene
receptor antagonist. As described herein, synergy between levocetirizine and montelukast
shortens the course of the disease processes, thereby decreasing morbidity and mortality.
This combined therapy also can improve quality of life from the amelioration of
symptoms / side effects / disease process itself, and can decrease health-care costs. This
synergistic effect can be observed in the use of a combination of levocetirizine and
montelukast to treat non-IgE-mediated inflammation and combined non-IgE-mediated

and IgE-mediated inflammation. Not wishing to be bound by a particular theory, the non-
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IgE-mediated response may be related, at least in part, to the fact that both levocetirizine
and montelukast affect eosinophil migration, the leukocyte that is considered a hallmark
of inflammation.

[0028] Levocetirizine, a potent H1- antihistamine, acts primarily by down-
regulating the HI receptor on the surface of mast cells and basophils to block the IgE-
mediated release of histamine which cause the cardinal symptoms of allergic rhinitis:
sneezing, rhinorrhea, nasal congestion, itchy palate and itchy red and watery eyes.
Levocetirizine offers a short time to peak plasma level, 0.9 hr., a short time to steady state
level, 40 hours, a low volume of distribution, 0.4 L/kg, and an enhanced receptor affinity
of 5x over first generation mepyramine in an acidic pH (many acute inflammatory disease
states are associated with acidosis, a low physiologic pH). Levocetirizine has a 24 hour
receptor occupancy of ~75%, the highest of the commercially available antihistamines.
Receptor occupancy of the second generation antihistamines appears to correlate with the
pharmacodynamic activity in skin wheal and flare studies and with efficacy in allergen
challenge chamber studies. Levocetirizine is approved in the US for the treatment of
perennial allergic rhinitis and chronic idiopathic urticaria down to six months of age.

[0029] Levocetirizine has been objectively established as the most potent of
the five modern generation antihistamines through histamine induced wheal and flare
data. For example, levocetirizine at 5 mg per day is more effective than fexofenadine at
its commonly prescribed dose of 180 mg per day in the United States. In Europe the adult
dose is 120 mg per day. Levocetirizine has a lower volume of distribution, greater
histamine receptor affinity in an inflamed state (low pH), and greater receptor occupancy
at 24 hours at physiologic doses than fexofenadine. The corresponding values are shown

in Table 1.

TABLE 1
COMPARISON BETWEEN FEXOFENADINE AND LEVOCETIRIZINE
Fexofenadine Levocetirizine
Vd -L/kg 5.6 L/kg 0.4 L/kg
Receptor affinity in an acidic ph increased 2x increased 5x
Histamine receptor occupancy at 24 hours | ~25% ~75%
Steady-state level 3 days 40 hours
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[0030] Levocetirizine decreases human rhinovirus titers in vitro by log-2. Not
to be bound by a particular theory, the cellular mechanism of action is a proposed
reduction of the activation of the intracellular protein complex NF-kB (nuclear factor
kappa B) which is in turn responsible for the reduction of I-CAM-1. I-CAM-1, a
transmembrane protein, is viewed as the portal of entry of human rhinovirus into the cell.
Rhinovirus can be found in ~ 50% of cases of acute asthma and is responsible for 30-50%
cases of the 'common cold." A one-log reduction in viral titers has been independently
determined to correlate with improved symptoms. In addition, levocetirizine has been
shown to decrease eosinophil migration and decrease inflammatory mediators, IL-4, IL-6,
and IL-8. IL-6, a signaling protein, regulates in part: fever, the body's response to trauma,
and the acute (immediate) phase of the allergic reaction.

[0031] Montelukast, a leukotriene receptor antagonist, acts by binding with
high affinity and selectivity to the CysLT1 receptor to inhibit the physiologic actions of
the leukotriene LTD4. Leukotrienes are fatty signaling molecules whose effects include
airway edema, smooth muscle contraction and altered cellular activity associated with the
inflammatory process. Overproduction of leukotriene is a major cause of inflammation in
asthma and allergic rhinitis. The cysteinyl leukotrienes (LTC4, LTD4, LDE4) are
products of arachidonic acid metabolism. These leukotrienes are released from various
cells including mast cells and eosinophils. They bind to receptors in the human airway
and on other pro-inflammatory cells including eosinophils and certain myeloid stem cells.
The cysteinyl leukotrienes have been correlated with the pathophysiology of asthma and
allergic rhinitis.

[0032] Leukotriene D, is the most potent of the cysteinyl leukotrienes in
contracting airway smooth muscle. Leukotriene receptors, such as CysLT,, are found
throughout the cells of the respiratory tree (including airway smooth muscle cells and
airway macrophages) as well as on other pro-inflammatory cells in the body, particularly
eosinophils and certain myeloid stem cells. Leukotrienes also function to promote the
recruitment of eosinophils, dendritic cells and T cells. Eosinophil infiltration is
considered by some authorities as a hallmark of inflammation.

[0033] Montelukast is FDA approved in the US for the treatment of perennial
allergic rhinitis, asthma, seasonal allergic rhinitis, and exercised induced bronchospasm.
Montelukast has been shown to be ineffective in improving asthma control or cold
symptom scores caused by experimental rhinovirus infection. See Kloepfer KM, et al.,

Effects of montelukast in patients with asthma after experimental inoculation with human

-6-
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thinovirus 16. Annals Allergy Asthma Immunology. 2011;106:252-257.  Unlike
levocetirizine, no decrease in viral shedding was observed in rhinovirus-infected
individuals treated with montelukast and there was no significant difference in reported
cold symptom scores compared to placebo-treated individuals. Analysis of secondary
outcomes suggests that montelukast may protect against reductions in lung function and
increases in sputum eosinophils caused by common cold infections. During the recovery
phase the percentage of sputum eosinophils was elevated in the placebo group, while the
montelukast group remained at baseline levels. Further, peak expiratory flow was not
decreased in the montelukast-treated patients. Other studies have shown that montelukast
treatment has no effect on the respiratory symptoms of patients with acute respiratory
syncitial virus bronchiolitis. See Bisgaard, H., et al., Study of montelukast for the
treatment of respiratory symptoms of post-respiratory syncitial virus bronchiolitis in
children, Am. J. Respir. Crit. Care Med., 2008; 178:854-860; and Proesmans, M., et al.,
Montelukast does not prevent reactive airway disease in young children hospitalized for
RSV bronchiolitis, Acta Paediatr. 2009; 98:1830-34. However, some studies indicate that
treatment with montelukast reduced the number of days with worsened asthma symptoms
and unscheduled doctor’s visits in children with mild allergic asthma and resulted in a
modest reduction of symptoms in children with recurrent wheezing when given at the first
sign of upper respiratory tract illness. See Sears, M.R. and Johnston, N.-W., Understanding
the September asthma epidemic. J. Allergy Clin. Immunol. 2007; 120:526-29; Bacharier,
L.B., et al., Episodic use of an inhaled corticosteroid or leukotriene receptor antagonist in
preschool children with moderate-to-severe intermittent wheezing. J. Allergy Clin.
Immunol. 2008; 122:1127-35.

[0034] Montelukast reaches a steady state level, like the second generation
antihistamine, levocetirizine, in less than two days. Unlike other currently available
leukotriene modulators, zileuton and zafirlukast, routine monitoring of liver function tests
is not required. There are no drug interactions with warfarin, theophylline, digoxin,
terfenadine, oral contraceptives, or prednisone.

[0035] The two molecules are safe, i.e., FDA approved in the United States
for allergic disorders down to age six months. They can be given primarily or in
conjunction with many of the existing therapeutic protocols for the treatment of
inflammation, including but not limited to, influenza, acute asthma and the common cold.

Both medications are pregnancy category B (Table II).
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TABLE 11
PREGNANCY CATEGORY DEFINITIONS

Category Definition Explanation

A Generally acceptable Controlled studies in pregnant women show no
evidence of fetal risk.

B May be acceptable Either animal studies show no risk but human
studies not available or animal showed minor
risks and human studies were done and showed

no risk.
C Use with caution if Animal studies show risk and human studies not
benefits outweigh risks | available or neither animal nor human studies
were done.
D Use in life-threatening | Positive evidence of human fetal risk.
emergencies when no
safer drug is available
X Do not use in pregnancy | Risks involved outweigh potential benefits.

Safer alternatives exist.

[0036] Existing treatment of inflammation focuses on the underlying
condition and nature of the presentation. Commonly employed are a myriad of agents
such as: diphenhydramine (Benadryl®), oxygen, epinephrine, steroids, beta-agonists,
non-steroidal anti-inflammatory agents (NSAIDS), antipyretics, antibiotics, antifungals,
and antivirals. Paradoxically, the commonly employed NSAIDS actually increase the
production of leukotrienes.

[0037] Steroids, which are widely used to treat inflammation, have significant
short and long-term side-effects (Table III). With regard to treating inflammation
associated with rhinosinusitis, nasal steroids have their limitations, particularly in the
elderly and those patients on aspirin, clopidogrel or warfarin prescribed to reduce the risk
of stroke and heart attack. Even in patients who do not take these traditional “blood
thinners,” the risk of spontaneous epistaxis from nasal steroid sprays is between 4-22%.
The risk of epistaxis is medication dependent. Epistaxis is a significant consideration in

many patients 55 or older.
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TABLE 111
STEROID SIDE EFFECTS

Increased blood pressure
Mood changes
Increased blood sugar

Increased intraocular pressure

Short term Long term
Increased propensity for opportunistic Glaucoma
infection Cataracts

High-blood pressure
Heart disease

Diabetes mellitus

Obesity

Water retention Acid reflux/GERD
Weight gain Osteoporosis
Increased risk for congestive heart failure Myopathy
Flushing Increased propensity for opportunistic
Increased appetite infection
Insomnia Cushing syndrome

[0038] The typical daily dosage for levocetirizine is 5mg for adults, and

levocetirizine exhibits the following advantageous properties: i) Short time to reach peak
plasma levels - 0.9 hr; ii) Short time to steady state level - 40 hrs; iii) Low volume of
distribution (goes directly to the target receptor); iv) High receptor occupancy at 24 hours
~ 75%; v) Increased receptor affinity in inflamed tissue (acidic pH; up to 5x that of first
generation molecules); vi) Pregnancy category B; vii) FDA approved down to six months
for other disease states, i.e., perennial allergic rhinitis and chronic idiopathic urticaria;
viii) Anti-inflammatory properties; and ix) Anti-viral properties. Studies in humans have
shown that doses of levocetirizine up to 30 mg/day can be safely administered.

[0039] Montelukast, a leukotriene receptor antagonist, acts concurrently to
protect the respiratory tree as well as block mediators in the inflammatory cascade. The
typical daily dosage of montelukast is 10 mg for adults, and montelukast exhibits the
following advantageous properties: 1) montelukast is a selective receptor antagonist,
inhibiting the physiologic action of LTDy at the CysLT; receptor; ii) montelukast binds
with high affinity and selectivity to the CysLT; receptor without producing any agonist
activity; 1ii) montelukast is rapidly absorbed; iv) montelukast reaches a peak plasma
concentration in 3-4 hours; V) the oral bioavailability and C.x of montelukast are not

affected by a standard meal; vi) montelukast has a linear pharmacokinetics to 50 mg; vii)
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doses as low as 5 mg in adults cause substantial blockage of LTDs-induced
bronchoconstriction; viii) in a placebo controlled crossover study, montelukast inhibited
early-phase bronchoconstriction due to antigen challenge by 75%; ix) montelukast is
FDA approved down to six months of age; and x) montelukast has no drug interactions
with warfarin, theophylline, digoxin, terfenadine, oral contraceptives, or prednisone.
Montelukast has been administered at doses up to 200 mg/day to adult patients for 22
weeks and in short-term studies, and up to 900 mg/day to patients for approximately one
week without clinically important adverse experiences.

[0040] Accordingly, both levocetirizine and montelukast are pregnancy
category B in the United States and are FDA approved in the United States down to six
months of age for other disease processes. Moreover, both drugs have only once daily
dosing, and no routine monitoring of blood work is necessary for most clinical situations.
Further, both drugs exhibit minimal clinically relevant interactions with other
medications. As described herein, both levocetirizine and montelukast administered
orally reach steady state levels within two days to rapidly produce a synergistic and
complementary anti-inflammatory effect.

[0041] Administration of montelukast and a second generation antihistamine,
fexofenadine, has a synergistic effect in the treatment of allergic rhinitis. Allergic
rhinitis, also known as pollenosis or hay fever, is an allergic inflammation of the nasal
airways which occurs when an allergen such as pollen or dust is inhaled by an individual
with a genetically susceptible immune system (estimated at >20 percent of the
population). The allergen triggers antibody production, a serum specific immunoglobulin
E (IgE), which in turn can bind to mast cells and basophils containing histamine. Upon
re-exposure to the offending antigen, histamine is released causing the itching, swelling,
and mucus production which are well known to seasonal allergy suffers. A combination
of montelukast and fexofenadine reduced nasal congestion both subjectively, using
patient diary and VAS evaluations, and objectively, using rhinomanometry and physical
examination, with statistical significance compared to fexofenadine alone or fexofenadine
with placebo.

[0042] However, the scientific literature does not clearly indicate whether the
combination of an antihistamine plus a leukotriene offers an advantage over each alone
for treatment in general. For example, in one chronic inflammatory disease state, chronic
idiopathic urticaria, montelukast did not appear to offer an advantage over the second

generation antihistamine desloratadine. See DiLorenzo G, et. al. Randomized placebo-
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controlled trial comparing desloratadine and montelukast in combined therapy for chronic
idiopathic urticaria. J Allergy Clin Immunol 2004;114-:619-25. Further, the FDA in April
2008 did approve the combination of loratadine, also a second generation antihistamine,
and montelukast for the treatment of allergic rhinitis and asthma, finding no benefit from
a combined pill.

[0043] Here, we describe the unexpected synergistic effects of combining
levocetirizine and montelukast. Not wishing to be bound by a particular theory, a detailed
examination of the pharmacokinetics of levocetirizine at the cell level illuminates the
unique inflammatory properties that extend beyond the IgE mediated release of histamine.
Levocetirizine exhibits a low volume of distribution (0.4L/kg), prolonged dissolution time
from the H1 receptor in an acidic ph, enhanced receptor affinity as a pure isomer of
cetirizine, and the highest receptor occupancy at 24 hours of any currently available
antihistamine. Such parameters impart an inflammatory effect by down regulating 1L-4,
IL-6, IL-8 as well as cellular adhesion molecules. The latter are a homogeneous group of
inducible immunoglobulins, integrins and selectins involved in cell-to-cell adhesion,
cellular recruitment, homing and healing. In addition levocetirizine has been shown in
vivo to decrease ICAM-1, IL-6, IL-8, TLR3 expression and NF-kappa B activation
resulting in decreased human rhinovirus titers by log-2. Many rhinovirus serotypes share
the same cellular receptor identifying ICAM-1 as the portal of entry into the cell.
Levocetirizine inhibits rhinovirus-induced ICAM-1 and cytokine expression and viral
replication in airway epithelial cells. One log reduction in viral shedding results in a
significant clinical benefit in HRV-infected (human rhinovirus) patients.

[0044] An unmet clinical need arose in 2009 with the HIN1 pandemic. The
primary drug of choice for influenza, oseltamivir, did not appear to reduce influenza
related lower respiratory tract complications. For neuraminidase inhibitors, there was a
shortening of the illness by only one half to one day, which indicated that neuraminidase
inhibitors do not prevent infection or stop nasal viral excretion, and therefore may be a
suboptimal means of interrupting viral spread in a pandemic. Moreover, during this time
frame, California reported alarming data on the severity of HIN1 influenza in pregnant
and postpartum women, i.e., from April 23 through August 11, 2009 22% of pregnant or
postpartum women required intensive care for the treatment of HIN1 and 8% died.
Clinically it was demonstrated that the combination of levocetirizine plus montelukast
(the latter added to protect the lower airway; both of which were Pregnancy Category B),

could be safely and effectively used to ameliorate/shorten the course of influenza.
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[0045] Not wishing to be bound by a particular theory, the steroid model
suggests that levocetirizine acts in a non-IgE-mediated capacity at the level of NF-kB
(See Figure 1) whereas montelukast acts at the CysLT1 receptor to inhibit the physiologic
actions of LTD4. Both molecules are known to reduce the quantity of eosinophils or their
migration to site of inflammation. Montelukast, in addition, also decreases the recruitment
of dendritic cells and T cells.

[0046] The actions of levocetirizine plus montelukast surpass the individual
physiologic mechanisms of each, well beyond the treatment of allergic rhinitis and
asthma. At least in part, it is the anti-viral and anti-inflammatory properties of
levocetirizine vis-a-vis nuclear factor kB; the inhibition of the actions of LTD4 by
montelukast, underscored by ability of both levocetirizine and montelukast to inhibit the
eosinophil quantity/migration, which impart synergy. This synergy is reflected by
significantly improved clinical outcomes in a myriad of acute and chronic inflammatory
disease states.

[0047] Embodiments described herein relate to methods of treating
inflammation of the entire respiratory tree, including in part, the nose and paranasal
sinuses known as rhinosinusitis with montelukast and levocetirizine. Rhinosinusitis
considered on a timeline may be acute, with a duration of less than six weeks (usually 4-6
weeks), subacute, having a duration of six to twelve weeks, or chronic, having a duration
of greater than or equal to twelve weeks. Acute rhinosinusitis may be precipitated by
multiple factors not limited to chemical irritation, trauma, allergic rhinitis or an earlier
upper respiratory tract infection, which may be bacterial, viral, or, less commonly, fungal
in origin. The most common causative agents of acute sinusitis of bacterial origin are
Streptococcus  pneumoniae,  Haemophilus  influenzae, Moraxella  catarrhalis,
Staphylococcus aureus, other streptococci species, anaerobic bacteria, and, less
commonly, gram negative bacteria. Bacterial sinusitis tends to be more persistent than
viral thinosinusitis, i.e., the common cold, which typically lasts for 7 to 10 days.

[0048] Several embodiments described herein relate to the treatment of acute
rhinosinusitis caused by a viral or bacterial infection with montelukast and levocetirizine.
In some embodiments, montelukast and levocetirizine are taken prophylactically to
prevent a viral respiratory tract infection from escalating to an acute, often opportunistic,
secondary bacterial sinusitis, bronchitis and/or pneumonia. In some embodiments,
montelukast and levocetirizine are administered immediately, one hour, 6 hours, 12

hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11
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days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21
days, 22 days, 23 days, 24 days, 25 days, 26 days, 27 days, 28 days, 29 days, and/or 30
days after exposure to the pathogens (virus, bacteria, fungi, etc.). Several embodiments
relate to the treatment of patients with clinical manifestations of influenza with
montelukast and levocetirizine. In some embodiments, montelukast and levocetirizine
treatment reduces the duration of influenza. In some embodiments, montelukast and
levocetirizine treatment reduces the severity of influenza symptoms. Several
embodiments relate to the treatment of patients with clinical manifestations of the
common cold with montelukast and levocetirizine. In some embodiments, montelukast
and levocetirizine treatment reduces the duration of the cold. In some embodiments,
montelukast and levocetirizine treatment reduces the severity of cold symptoms.

[0049] Chronic rhinosinusitis is an inflammatory condition/disease of the nose
and paranasal sinuses lasting for greater than or equal to twelve weeks. Symptoms include
in part, any combination of nasal congestion, facial pain, headache, coughing, an increase
in asthma symptoms, malaise, discharge, feeling of facial tightness, dizziness, and/or
aching teeth. Rhinosinusitis in general can be categorized into four categories: (1) acute
bacterial rhinosinusitis (ABRS), (2) chronic rhinosinusitis without nasal polyposis
(CRSsNP), (3) chronic sinusitis with nasal polyposis (CRSwNP), and (4) allergic fungal
rhinosinusitis (AFRS). See Meltzer, EO. Rhinosinusitis: Developing guidance for clinical
trials. J Allergy Clin Immunol 2006 November; S20. Nasal polyposis is a subgroup of
chronic rhinosinusitis in which the inflammation of the nose is associated with two or
more of the following signs and symptoms: nasal obstruction or congestion, nasal
discharge, hyposmia or anosmia, facial pain or feeling of pressure, endoscopic evidence
of polyps or mucopurulent discharge from middle meatus with or without edema or
mucosal obstruction of the meatus and CT images which show mucosal changes of
osteomeatal complex or paranasal sinuses. See Fokkens W, et. al. EAACI position paper
on rhinosinusitis and nasal polyps executive summary. Allergy, 2005.60, 583-601.,
Fokkens, W, et. al. European Position Paper on Rhinosinusitis and Nasal Polyps group
(2007) European position paper on rhinosinusitis and nasal polyps. Rhinology 2007;20,1-
136. Conventional treatment for chronic rhinosinusitis often involves functional
endoscopic sinus surgery, antibiotics, systemic and topical steroids, and to a much lesser
extent an antihistamine or leukotriene modulator. The use of antihistamines in patients
with only polyps has not been extensively studied. See Casale M, et. al. Nasal Polyposis:
From Pathogenesis to Treatment, an Update. Inflammation & Allergy - Drug Targets
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2011, 10, 158-163. Mometasone furoate monohydrate, a topical nasal steroid spray, is the
only FDA approved medication in the United States for the treatment of nasal polyposis.
The recommended dose is two squirts each nostril twice a day.

[0050] Embodiments described herein relate to the treatment of chronic
rhinosinusitis with montelukast and levocetirizine. Several embodiments described herein
relate to the treatment of nasal polyposis with montelukast and levocetirizine. In some
embodiments, montelukast and levocetirizine treatment reduces the size and/or number of
polyps. Some embodiments relate to the treatment of chronic rhinosinusitis with
montelukast and levocetirizine in the absence of steroids, antibiotics or surgical treatment.
In other embodiments, montelukast and levocetirizine are administered in conjunction
with antibiotics and/or steroids and/or surgical treatment as deemed clinically applicable.
The chronic rhinosinusitis treatment protocol with or without other treatment modalities

1s as follows:

TABLE IV
TREATMENT PROTOCOL FOR CHRONIC RHINOSINUSITIS

Levocetirizine - US

Adults: 5 mg/day
Children: 6-11 years of age: 2.5 mg /day
Children: 6 months to 5 years 1.25 mg / day
Montelukast - US

Adults: 10 mg orally /day
Children 6-14 years of age: 5 mg orally/day

Children 6 months -5 years of age: 4 mg orally / day

[0051] Patients may be seen at least quarterly in the office with endoscopic
review of the nose/paranasal sinuses when clinically appropriate. A pretreatment and
follow-up CT scan of the perinasal sinuses at 6 months to one year post initiation of
therapy may be performed to provide objective data on which to tailor existing medical
therapy.

[0052] Several embodiments relate to a method of treating rhinitis with
montelukast and levocetirizine. Rhinitis, inflammation of the nasal passages, is
commonly caused by a viral or bacterial infection, including the common cold, the latter

of which is caused primarily by Rhinoviruses and Coronaviruses. See Eccles R.
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Understanding the Symptoms of the Common Cold and Influenza. Lancet Infectious
Diseases 2005; 5(11): 718-725. Rhinitis is categorized as: (i) infective rhinitis; (i1)
nonallergic rhinitis; and (ii1) allergic rhinitis. Several embodiments relate to a method of
treating infective rhinitis with montelukast and levocetirizine. Some embodiments relate
to a method of treating nonallergic rhinitis with montelukast and levocetirizine. Some
embodiments relate to a method of treating allergic rhinitis with montelukast and
levocetirizine.

[0053] Several embodiments described herein relate to the treatment of
chronic rhinosinusitis with montelukast and levocetirizine. Some embodiments, relate to
the treatment of chronic rhinosinusitis with montelukast and levocetirizine in the absence
of steroid or antibiotic treatment. In other embodiments, montelukast and levocetirizine
are administered in conjunction with antibiotics and/or steroids.

[0054] Several embodiments relate to a method of treating non-IgE-based
inflammation with montelukast and levocetirizine.

[0055] Several embodiments relate to a method of treating combined IgE and
non-IgE-mediated inflammation with montelukast and levocetirizine.

[0056] The following Table V shows the existing country guidelines for

dosages in the treatment of allergic disorders.

TABLE V
GUIDELINES FOR DOSAGES IN THE TREATMENT OF ALLERGIC
DISORDERS
Levocetirizine - US
Adults: 5 mg/day
Children: 6-11 years of age: 2.5 mg /day
Children: 6 months to 5 years 1.25 mg / day
Montelukast - US
Adults: 10 mg orally /day
Children 6-14 years of age: 5 mg orally/day

Children 6 months -5 years of age: 4 mg orally / day

[0057] Several embodiments relate to the use of a combination of
levocetirizine and montelukast to treat a bacterial infection. Examples of bacterial
infections that may be treated by a combination of levocetirizine and montelukast include,

but are not limited to, acute bacterial rhinosinusitis (ABRS). In some embodiments,
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levocetirizine and montelukast may be administered with an antibiotic as determined by
local presentation.

[0058] Several embodiments relate to the use of a combination of
levocetirizine and montelukast to treat otitis media with effusion and associated ear
disorders such as chronic mastoiditis and eustachian tube dysfunction (the auditory tube
leading from the back of the nose to the middle ear). In some embodiments, levocetirizine
and montelukast may be administered with antibiotics to treat for example, acute otitis
media with purulent middle ear effusion. In some embodiments, levocetirizine and
montelukast may be administered without antibiotics to treat chronic middle ear effusion,
for example, chronic otitis media. In some embodiments, levocetirizine and montelukast
may be administered with other treatment modalities such as, but not limited to, steroids
and/or antiviral agents.

[0059] Several embodiments relate to the use of a combination of
levocetirizine and montelukast to treat allergic fungal rhinosinusitis (AFRS). In some
embodiments, levocetirizine and montelukast may be administered with other treatment
modalities such as, but not limited to, steroids and/or an antifungal agent.

[0060] Intravenous therapy of levocetirizine and montelukast, the latter
currently under investigation in the United States, would enhance the individual and
combined clinical response presently seen with the administration of oral medication.
The IV montelukast plasma concentration area under the curve profile, 7 mg, is
comparable to the approved 10 mg oral montelukast tablet. The former has been shown in
acute asthmatics to significantly improve FEV1 (forced expiratory volume at one sec) at
10 minutes when compared with placebo.

[0061] Accordingly, the dosing for acute inflammation could be daily as
delineated above individually in the same setting, as a dual-layer tablet(s), and/or as a
blister pack containing both medications for a 10 day course of therapy. For a moderate
to severe clinical presentation, the levocetirizine component can be given at time zero (5
mg), 12 hours (5mg) and 24 hours (5 mg), during the first 24 hour day, in order to achieve
a steady state level of the molecule in less than 40 hours. Levocetirizine human dosing
safety studies have been performed at up to 30 mg/day. Sedation is the principal side
effect experienced at higher doses. Independent research has shown that levocetirizine
alone can be dosed at 20 mg /day to treat severe cases of idiopathic urticaria.

[0062] The application for the combination of levocetirizine and montelukast

includes, but is not limited to treating, ameliorating, or preventing the following
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symptoms. For Influenza, the combination can be useful to shorten the course of seasonal
flu and prevent or minimize the development of lower respiratory tract infections /
complications, and/or to establish an improved, safe, world-wide protocol for influenza
prior to the next pandemic, e.g., HSN1 with its associated 50% mortality rate. For upper
respiratory tract infections, not limited to rhinovirus, the combination can be useful to
limit the infection itself, and/or to prevent or reduce the potential development of
secondary sinusitis, bronchitis and pneumonia. The combination can be useful for
treatment of Ebstein-Barr Virus, particularly, but not limited to those patients with
respiratory involvement.

[0063] For acute asthma in conjunction with existing protocols, not limited to
exacerbations caused by rhinovirus (~ 50% of cases), the combination can be useful to
shorten the course of the event, reduce hospitalizations and death. The combination can
be useful for pre-treatment of patients allergic to one or more classes of antibiotics
requiring antimicrobial therapy. These patients are at risk, 4-10x over the general
population, of developing a subsequent ALE (allergic-like event). For patients with
moderate to severe life-threatening disease requiring dual / triple antibiotics, the
combination can be useful to reduce the probability of developing a side-effect(s) from
the primary treatment medications. The combination can be useful during and following
radiation therapy to ameliorate the inflammatory response. The combination can be
useful for patients requiring steroids for the treatment of inflammation who are otherwise
at increased risk for the development of steroid induced complications. Examples include
but are not limited to the following: 1) A severe insulin dependent diabetic with an
infection such as facial paralysis, and ii) Patient with latent Tuberculosis. For patients on
antiviral medication for acute disease, the combination can be used to prevent
complications related to the medication(s) as well as complications associated with the
disease process itself. The combination can be used to treat serum sickness, with or
without steroids. For pre-treatment of patients on immunotherapy, the combination can
be used to prevent or ameliorate the risk of a systemic reaction. Examples of high risk
patients with the potential to develop a life-threatening, systemic event include but are not
limited to severe asthmatics, those patients with a concurrent respiratory tract infection,
and those patients with a prior history of a systemic reaction. For pre and intra-treatment
of those patients on chemotherapy, the combination can be used to ameliorate side effects
associated with the administration of chemotherapeutic drug(s). For patients exhibiting a

transfusion reaction, the combination can be used to limit the side effects/life threatening
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event during the initial reaction and in preparation for any requisite subsequent
transfusion.

[0064] As will be readily apparent to one skilled in the art, the useful in vivo
dosage of levocetirizine and montelukast to be administered and the particular mode of
administration will vary depending upon the age, weight, medical condition of the patient,
the severity of the condition to be treated, the route of administration, the renal and
hepatic function of the patient, and mammalian species treated, the particular compounds
employed, and the specific use for which these compounds are employed. The
determination of effective dosage levels, that is the dosage levels necessary to achieve the
desired result, can be accomplished by one skilled in the art using routine
pharmacological methods. Typically, human clinical applications of products are
commenced at lower dosage levels, with dosage level being increased until the desired
effect is achieved. Advantageously, compounds of the present embodiments may be
administered, for example, in a single daily dose, or the total daily dosage may be

administered in divided doses of two, three or four times daily.

TABLE VI
TREATMENT PROTOCOL FOR ACUTE INFLAMMATION NOT LIMITED TO
INFLUENZA AND THE COMMON COLD

Levocetirizine - US

Adults: 5 mg/day
Children: 6-11 years of age: 2.5 mg /day
Children: 6 months to 5 years 1.25 mg / day
Montelukast - US

Adults: 10 mg orally /day
Children 6-14 years of age: 5 mg orally/day

Children 6 months -5 years of age: 4 mg orally / day

[0065] Depending upon the severity of the acute process, the doses in Table
VI can be modified. For example, the age appropriate dose for levocetirizine may be
given at time zero (at presentation) with an additional age appropriate dose at 12 hours. In
order to protect the lower airway, particularly in the face of bronchitis/pneumonia, a dose
of montelukast may be given at time zero (at presentation) with an additional age

appropriate dose of montelukast at 12 hours. In this fashion the steady state level of the
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two drugs would approach 24 hours. Montelukast, like levocetirizine, is considered a very
safe molecule. Montelukast has been administered at doses up to 200 mg/ day (20x the
standard adult daily dose) to adult patients for 22 weeks and in short-term studies, up to
900 mg/day (90x the standard adult daily dose) to patients for approximately one week
without clinically important adverse events. Dosing duration may parallel the generally
accepted protocols for their respective disease states. For example, conventional therapy
for an acute infectious disease process is typically administered for 5-14 days. A course
of combined levocetirizine once daily plus montelukast once daily may be given for the
same duration. For the treatment of chronic inflammatory disease states, an age

appropriate once daily dosing of each medication may also be administered.

Autoimmune disorders

[0066] Several embodiments relate to the use of a combination of
levocetirizine and montelukast for the treatment of autoimmune disorders.

[0067] Autoimmunity is described as an immune response directed against an
antigen within the body of the host. This definition is independent of whether the
response is innate or acquired, and if acquired, whether it is induced by a foreign or
autochthonous antigen. In other words, if acquired, the response is induced by a foreign
antigen or antigen found in the part of the body or locality in which it originates, such as
that produced by a cancer. Autoimmunity usually involves both T-cell and B-cell
responses in a three dimensional complex immunologic array. The primary requirement is
an immune response directed to a self-antigen.

[0068] In dealing with human disease it is often difficult to establish causality.
As such the diagnosis of an autoimmune disease may be established by direct evidence,
indirect evidence or circumstantial evidence.

[0069] Direct evidence usually involves the transfer of an antibody from a
patient to a healthy recipient. Examples are the reproduction of the disease pemphigus by
injection of patient serum into a neonatal mouth or human-to-human transfer of an
autoantibody from the transplacental migration of the disease, e.g., Grave’s disease,
myasthenia gravis, and neonatal lupus.

[0070] Indirect evidence can be found in such disease states as: (a) the
reproduction of disease in animals via immunization with a select antigen, (b) naturally
occurring disease in animals resembling the human counterpart, and (c) disease created

by manipulating the immune system.
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[0071] Circumstantial evidence, the lowest level of proof, is suggested by
confirming the presence of autoantibodies. Another type of circumstantial evidence is
identified from the finding that autoimmune diseases have a tendency to cluster, likely
from defined or yet to be defined genetic susceptibility traits.

[0072] From a pathological perspective, with few exceptions all autoimmune

diseases require the presence of self-reactive CD4 T lymphocytes (Table VII).
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PARTIAL LIST OF AUTOIMMUNE DISEASES

Main organ

isease affected

Proposed self-antigen(s)

Clinical presentation

Organ-specific autoimmune diseases

Multiple sclerosis Central- nervous . Myelin = basic - protein, - Loss-of -vision, ~weakness. of
system myelin . -oligodendrocyte - limbs, -sensory -abnormalities,
protein incontinence

Sympathetic Eye Various uveal antigens Eye - pain, . loss -of --vision,

ophthalmia sensitivity to-light

Graves' disease Thyroid Thyrotropin-receptor Hyperthyroidism ~(weight- loss,
Nervousness, palpitations,
diarrhea), exophthalmos

Hashimoto's Thyroid Thyroperoxidase; Hypothyroidism (weight ~gain,

thyroiditis thyroglobulin constipation, - .skin " changes,
myxedematous-dementia)

Goodpasture's Lung, kidney Glomerular basement: Kidney and respiratory

syndrome membrane (type IV -insufficiency

collagen)

Pernicious-anemia Stomach Intrinsic factor Anemia,-gastritis

Crohn's disease” Intestine ? microbial antigens Hemorrhagic diarrhea,
abdominal pain, draining
fistulas

Ulcerative colitis™ Large-Intestine =2 'microbial-antigens Hemorrhagic diarrhea,
abdominal pain

Diabetes mellitus - Pancreas Islet cell, insulin, ~Polyphagia, polyuria;

type'l glutamic acid  -polydipsia, weight loss

decarboxylase (GAD)

Immune Platelets Glycoproteins - ‘on - the  Easy bruising, hemorrhage
thrombocytopenia surface of platelets

Myasthenia gravis Muscle Acetylcholine receptor Muscle weakness, fatigability
Hemolytic anemia Red cells I antigen Anemia

Systemic-autoimmune diseases

Sjogren's syndrome Salivary and “Nuclear - antigens - (SSA,
lacrimal glands - SSB)

Dry eyes, dry mouth, . lung-and
kidney disease

Rheumatoid-arthritis~Joints, lung, . Citrulinated- -peptides - in - Deforming arthritis, skin
nerves the joint, 1gG nodules, -occasional - lung -and
nerve involvement
Wegener's Lung; kidney Proteinase 3 (c-ANCA) Sinusitis, shortness- of -breath,
granulomatosis kidney failure
Systemic lupus - Kidney; skin, -DNA, histones, “Arthritis; “skin- rashes, kidney
erythematosus joints, -central ribonucleoproteins insufficiency, nerve damage

nervous system

"Although previously considered autoimmune diseases, more recent evidence supports

that they are autoinflammatory disorders.
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A separate category of autoimmune diseases, the autoinflammatory

diseases, exists in which there is no evidence of adaptive immunity in the form of self-

reactive T cells. This latter group consists of a core of six disorders known as hereditary

recurrent fever syndromes. The primary differences between the two major categories are

reviewed in Table VIIIL

TABLE VIII

COMPARISON OF AUTOIMMUNE AND AUTOINFLAMMATORY DISEASES

Distinguishing Autoimmune diseases Autoinflammatory diseases
feature
Arm of - Adaptive immunity Innate immunity
immunity
affected

Genetic basis

Monogenic and polygenic disorders-of
adaptive immune function

Monogenic -and -polygenic.-disorders -of
innate-immune function

Specific
dysregulated
component

Effector
mechanisms
involved

Examples of

diseases

Predominant
symptoms

Primary. . -dysregulation: -~ of - -classical
MHC-based;antigen-dependent T cell
responses

Primary dysregulation of innate immune
system processing and:secretion of -pro-

Resultant -secondary:: contribution. of
inflammatory responses

inflammatory - cytokines,~IL-18, IL-18,
and: others
Resultant - primary. . contribution - of

inflammatory responses

Injury-mediated by activation.of -CD4
subpopulations- (Th1, Th2, Thi17, and
Treg) - -together -~ with - other: innate
effector cells (macrophages, mediator
cells;"NK cells via cytokine production)

The pathological abnormality in
autoinflammatory diseases-is-a failure to
control processing.and secretion of IL-1
and-other-pro-inflammatory- cytokines-in
patients with these diseases

Tissue " destruction; ‘mediated - directly
by cytotoxic CD8 T cells

T- cell-dependent- B cell -autoantibody
production

Organ=specific-autoimmune diseases Familial-Mediterranean fever

{Celiac disease, Graves'-disease, type ‘Neonatal-onset multiple system
1 diabetes, Addison's disease, - inflammatory disease
autoimmune-thyroiditis)

Systemic autoimmune diseases Systemic-onset juvenile idiopathic

arthritis. (JIA)

(SLE, RA)

Fever

Fever

Maculopapular rash

Urticarial rash

Joint involvement
arthralgias)

(arthritis or

Pyogenic arthritis

Specific organ:involvement

Pyodérma gangrenosum
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[0074] The provisional molecular/functional classification of the

autoinflammatory diseases is outlined in Table IX.

TABLE IX
PROVISIONAL MOLECULAR/FUNCTIONAL CLASSIFICATION OF
AUTOINFLAMMATORY DISEASES

Disease Example of disease Gene/(chromosome)/product

Type ~1:- IL-1f - -activation
disorders
(inflammasomopathies)

Intrinsic Familial - cold---autoimmune. NLRP3/CIAS1 (1gq44)
syndrome (FCAS)
NOMID/CINCA
Muckle Wells
Extrinsic FMFE MEFV (16p13.3)/pyrin
(marenostrin)
PAPA PSTPIP1 (15924-25.1)
DIRA ILIRN/IL1Ra
CRMO/SAPHO, Complex
HIDS MVK (12g24)/mevalonate
kinase
Acquired or .complex Gout Complex/uric acid
Type 2-diabetes mellitus Complex/hyperglycemia
Fibrosing disorders -Complex/asbestos and silica

(silicosis, -asbestosis)

Type - 2:'NF-kB-activation Crohn's disease NOD2
disorders (16p12)/NOD2(CARD15)
Blau syndrome NOD2
(16p12)/NOD2(CARD15)

Familial - -¢cold - autoimmune - NLRP12
syndrome (FCAS2) (19¢g13.4)/NRLP12(NALP12)

Type 3: Protein-folding TNF receptor-associated - TNFRSF1A (12p13)/TNFR1
disorders - of - the " -innate periodic
immune system

syndrome (TRAPS) Complex

Spondyloarthropathies HLA-B (6p21.3)/HLA-B27

ERAP1 (5q15)/ERAP1

Type 4: Complement -Acquired . hemolytic uremic - CFH (1g32)/Factor H
disorders syndrome {aHUS)

MCP (1g32)/MCP (CD46)

CFI-(4q25)/Factor'l

CFB (6p21.3)/Factor B
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Disease Example of disease Gene/(chromosome)/product
Age-related macularCFH (1g32)/Factor H
degeneration
Type - .5:. Cytokine-signaling . Cherubism SH3-binding -protein.- 2/SH3-
disorders binding protein:2
Type 6: Macrophage - Familial hemophagocytic -UNC13D-(17q21.1)/Muncl3-4
activation lymphohistitiocytosis (HLH)

PRF1:(10q22)/Perforin: 1

STX11 (6g24:2)/Syntaxin-11

Complex/virus

Chediak-Higashi syndrome - LYST (1g42.3)/ LYST {CHS1)

Griscelli: syndrome RAB27A(15q21.3)/ RAB27A
X:linked lymphoproliferative - SH2D 1A (Xq25)/ SAP
syndrome

Hermansky-Pudlak HPS1-8/ HPS1-8

syndrome

Secondary HLH Complex

Atherosclerosis Complex/cholesterol

[0075] Clinically, physicians tend to categorize autoimmune diseases as
systemic (such as in the case of systemic lupus erythematosis) or organ-specific (such as
type 1 diabetes mellitus). Therapy has generally been directed to the specific disease and
associated presentation. Four therapeutic approaches are usually employed and are

summarized in Table X.

TABLE X
THERAPEUTIC APPROACHES TO AUTOIMMUNE DISEASES

Alteration of s Blockade of costimulatory factors

thresholds of immune | ¢  Antagonism of inflammatory cytokines or protective
activation cytokines
¢ Inhibition of signaling cascades by small molecules

Modulation of antigen- | ¢ Induction of regulatory cells (intravenous, subcutaneous, or
specific cells oral delivery

s of antigen)

s Alteration in peptide ligands

Formation of complexes of peptide and major-
histocompatibility-complex

molecules

Development of T-cell receptor vaccines

Induction of B-cell tolerance

Immune deviation from type 1 to type 2 helper T cells

Reconstitution of the

Bone marrow ablation with autologous stem cells
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immune system s Bone marrow ablation with donor stem cells
Bone marrow ablation without stem cells

Sparing of target
organs

Antagonism of complement
Antagonism of chemokines

Use of antiinflammatory agents
Inhibition of matrix metalloproteases
Inhibition of nitric oxide synthase

[0076] The complex causes of the two categories of autoimmune disorders
offer considerable challenges to the development of new therapies. The combined
synergy of levocetrizine plus montelulast in ameliorating the autoimmune/inflammatory
response seen in many of these diseases offers significant promise without compromising
existing or yet to be defined more directed therapy. Both molecules are considered
Pregnancy Category B, i.e., the safest, and can be used to complement existing treatment
regimens without inducing new problems. It is clinically held by many physicians,
particularly the oncologists and rheumatologists, that many of the current modalities—
such as the immunomodulators, immuonosuppressants, steroids, and intravenous gamma
globulin, to name a few—precipitate side effects that are worse than the underlying

disease.

Autoimmune Neutropenia
[0077] Neutropenia is defined as an absolute neutrophil count (ANC) of less

than 1500/uL. The absolute count is equal to the product of the white blood cell count
(WBC) x the fraction of combined polymorphonuclear cells plus band forms seen in the
differential analysis. The lower the ANC, the higher the probability of significant
infection, particularly below 1000 / uL.

[0078] There is considerable overlap of the syndromes of autoimmune
neutropenia, chronic idiopathic neutropenia, chronic benign neutropenia, and neutropenia
of infancy in that they differ predominately in the age of presentation and duration of
neutropenia. Neutropenia associated with immunodeficiency and isoimmune neonatal
neutropenia are differentiated in that the source of the antibody is known. In the latter
disease there is transplacental passage of IgG antibodies to neutrophil-specific antigens

inherited from the father.
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[0079] Difficulty is additionally founded in the fact that antineutrophil
antibody testing is not readily available and if available, has a significant false negative
rate. Moreover, management decisions are not based on antineutrophil antibody testing.

[0080] Therapy is directed to stabilize neutrophil levels at a reasonable level
above the 1000 ANC range, usually by the use of steroids, or in the presence of actual or
anticipated life threatening infection, by the administration of Neupogen® (filgrastim).
Neupogen® acts by stimulating granulocyte and macrophage proliferation and
differentiation; however, it is associated with serious reactions, such as splenic rupture,

ARDS, thrombocytopenia, cutaneous vasculitis, and hemorrhage.

Immune Thrombocvtopenia Purpura (Idiopathic Thrombocytopenia Purpura)

[0081] Immune thrombocytopenia purpura (ITP) is a common acquired

bleeding disorder the diagnosis of which is satisfied by two criteria:

(1) [0082] Isolated thrombocytopenia is present. The balance of the complete
blood count is normal, unless otherwise coincidental abnormalities such as
iron deficiency anemia are also present.

(2) [0083] Clinically apparent associated conditions are not present on initial
presentation. Examples of associated conditions are systemic lupus
erythematosis, chronic lymphocytic leukemia, and antiphospholipid syndrome.
Patients with these conditions are described as having secondary immune
thrombocytopenia. Also drugs, including quinine containing beverages and
herbal remedies are not apparent etiologies.

[0084] The laboratory diagnosis of ITP is compromised by the by the poor

sensitivity (49-66%) of existing assays designed to measure platelet-bound antibodies.

[0085] The clinical manifestations vary from patient to patient, with bleeding

ranging from petechiae and easy bruising to a severe bleeding diathesis. Among adults
approximately 70 percent are women and 70 percent of these women are below 40 years
of age. From a genetic perspective, HLA-DR4 and DRB1*0410 alleles in the ITP
subpopulations have been associated with an unfavorable and favorable responses
respectively, to corticosteroids, the mainstay of treatment. Moreover, HLA-DRB1*1501
has been linked to an unfavorable response to splenectomy, another common form of
therapy.

[0086] Adults usually require treatment with prednisone at the time of

presentation. Whereas platelet counts of 50,000 per mm® (normal 150,000 - 450,000 per
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mm’) are usually discovered incidentally, petechiae or ecchymosis develop spontaneously
when counts are between 10,000 — 30,000 per mm’. There is a definite risk for internal
bleeding when counts drop below 10,000 per mnr’. Another treatment modality involves
the use of intravenous gamma globulin (IVGG), which yields an initial response in 80%
of patients. That being said, sustained remission is infrequent and the cost of therapy is
considerable.

[0087] Splenectomy is offered as second line therapy following trials of
prednisone, Danazol, Dapsone and IVGG. Chronic refractory ITP with platelets counts
less than or equal to 30,000 per mm’ include treatment options such as the vinca
alkaloids, azathioprine, cyclophosphamide, cyclosporine, bone marrow transplantation
and thrombopoietin. Figure 3 shows a diagram of an Immune Thrombocytopenia Purpura
Treatment Algorithm (Cines DB, Blanchette VS. Immune Thrombocytopenia Purpura. N
Engl J Med 2002; 346: 995-1008, herein incorporated by reference in its entirety).

[0088] Administration of levocetirizine and montelukast in combination
exhibits unexpectedly superior results in the treatment of autoimmune disorders. The
combined use of levocetirizine plus montelukast offers a novel, safe and effective
alternative to even first line prednisone. The combination of levocetirizine and
montelukast act synergistically within the steroid pathway and without the associated
steroid side effects. Moreover, administration of the combination of levocetirizine and
montelukast can also have a sustained effect on a patient; for example, a patient’s white
blood cell count can be stabilized and maintained for at least several months and
potentially several years.

[0089] The combination of levocetirizine and montelukast may be used as part
of a prolonged treatment regimen. Furthermore, combinations of levocetirizine and
montelukast can be used safely in conjunction with many existing treatment protocols.
For example, glucocorticoids, such as prednisone or methylprednisolone, can be
administered to a patient in combination with levocetirizine and montelukast. As another
example, immunosuppressants, including but not limited to methotrexate, azathioprine,
cyclophosphamimde, and cyclosporine, may also be administered to a patient in
combination with levocetirizine and montelukast. Other typical therapeutic approaches
used in the treatment of autoimmune diseases that can be combined with levocetirizine
and montelukast include, but are not limited to, the use of inhibitors of platelet clearance
(such as intravenous immune globulin; intravenous anti-D immune globulin, vinca

alkaloids, and danazol), the use of experimental agents (such as antibodies against CD20
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or CD154, bone marrow transplantation, and thrombopoetin), and splenectomy. In some
embodiments, supplements, such as ferrous gluconate or vitamin C, can be administered
to the patient along with the combination of levocetirizine and montelukast. The
combination of levocetirizine and montelukast can also be used in conjunction with
antibacterial agents, such as dapsone, or therapeutically active proteins, such as
filgrastim. Additionally, the combination of levocetirizine and montelukast can be used
with lenalidomide (Revlimid®), an immunomodulator.

[0090] In some embodiments, the combination of levocetirizine and
montelukast may be used with lower dosages of existing therapies. For example,
levocetirizine and montelukast can be used in patients otherwise refractory to traditional
therapy to maintain safe clinical parameters, e.g. white blood cell counts, platelet counts,
while on lower doses of steroids. They can also be used to facilitate a steroid taper as
required by a significant clinical event such as sepsis.

[0091] A non-limiting example of a treatment protocol for use in a patient
with, for example, immune thrombocytopenia purpura (ITP) post splenectomy
complicated by sepsis can be as follows: With an infection resulting in a drop in the
platelet count below 50,000 /uL, e.g., sepsis, add steroids to the treatment regimen to
stabilize the platelet count. Thereafter taper the steroids over one to two months. The
duration of the steroid taper (from 60 mg of prednisone / day to zero) can be effectively
foreshortened by adding levocetirizine 2.5 -5 mg plus montelukast 5-10 mg orally in the
morning for twice daily dosing. Once the counts have stabilized, the patient may resume
their once daily dosing of levocetirizine and montelukast. Thus, maintenance therapy can
consist of 5 mg of levocetirizine orally at night and 10 mg of montelukast orally at night.

[0092] Thus, the combination of levocetirizine and montelukast allows
patients to use decreased dosages of steroids (also shown in Examples 1 and 2), which
results in a decreased risk of developing an opportunistic infection, electrolyte imbalance,
weight gain, fluid retention, cataract formation, hypertension, diabetes mellitus, and
osteoporosis to iterate just a few of the myriad of potential glucocorticoid side effects.
Moreover, lowering the required daily use of prednisone can also lead to the elimination
of a patient’s steroid induced diabetes mellitus and associated medications. ~As another
example, the use of the combination of levocetirizine and montelukast allows patients to
use decreased dosages of immunosuppressants.

[0093] In some embodiments, the combination of levocetirizine and

montelukast may be used without existing therapies. In such embodiments, toxicity / side
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effects related to the prior use of the existing therapies, such as lenalidomide (Revlimid®)
may be avoided.

[0094] Without being bound to a particularly theory, levocetirizine and
montelukast work to block the H1 and leukotriene receptors, respectively. Thus,
levocetirizine and montelukast effectively block the release of histamine to reduce
systemic swelling/edema and improve lung function by inhibiting the release of
leukotrienes. However, it is the combination of levocetirizine and montelukast,
approximately 70 years newer than the prototype antihistamine, diphenhydramine that is
scientifically more effective than its predecessor in reducing inflammation. Levocetirzine
blocks the acute phase response to injury not only as an antihistamine but through its anti-
inflammatory properties which include in part, the suppression of Interleukin 8 (IL-6) and
Interleukin 8 (IL-8). IL-6 is one of the most important mediators of the acute phase
reaction to injury and fever.

[0095] Moreover, levocetirizine blocks IL-8, the signaling protein responsible
for chemotaxis in target cells, primarily neutrophils, causing them to migrate to the site of
injury/inflammation. In addition to neutrophils there are a wide range of other cells, e.g.,
endothelial cells, mast cells, macrophages, and keritinocytes that respond to IL-8 as well.

[0096] Montelukast block the actions of LTD4 at the receptor. Leukotriene D4
is most potent of the cysteinyl leukotrienes in contracting airway smooth muscle. It
promotes the recruitment of eosinophils, dendritic cells (antigen presenting cells) and T
cells, which in turn in increases cell recruitment and activation. Clinically, montelukast
has been shown to increase FEV1 by 15% in minutes to hours following administration.

[0097] Both  levocetirizine  and  montelukast  affect  eosinophil
quantity/migration. Eosinophil infiltration is considered by some authorities as a hallmark
of inflammation. Both molecules block the acute and late phase responses to
inflammation. With continuous dosing, if the acute phase is blocked, the late phase
becomes less of an issue, whereas T-cell memory dissipates with time. Given the multiple
sites of action within the inflammatory pathway underscored by the safety of the
molecules, a unique synergy can be identified between levocetirizine and montelukast.
Not limited to the treatment of immune thrombocytopenia purpura and autoimmune
neutropenia, this synergy is effective in treating many forms of autoimmune disease.

[0098] As will be readily apparent to one skilled in the art, the useful in vivo
dosage of levocetirizine and montelukast to be administered and the particular mode of

administration will vary depending upon the age, weight, medical condition of the patient,
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the severity of the condition to be treated, the route of administration, the renal and
hepatic function of the patient, and mammalian species treated, the particular compounds
employed, and the specific use for which these compounds are employed. The
determination of effective dosage levels, that is the dosage levels necessary to achieve the
desired result, can be accomplished by one skilled in the art using routine
pharmacological methods. Typically, human clinical applications of products are
commenced at lower dosage levels, with dosage level being increased until the desired
effect is achieved. Advantageously, compounds of the present embodiments may be
administered, for example, in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three or four times daily. No complications from
single daily dosing of the combination of levocetirizine and montelukast have been

observed.

Definitions
[0099] The term “effective amount™ includes an amount effective, at dosages

and for periods of time necessary, to achieve the desired result, e.g., sufficient to treat
autoimmune disorder. An effective amount of levocetirizine and montelukast may vary
according to factors such as the disease state, age, and weight of the subject, and the
ability of levocetirizine and montelukast to elicit a desired response in the subject.
Dosage regimens may be adjusted to provide the optimum therapeutic response. An
effective amount is also one in which any toxic or detrimental effects (e.g., side effects)
of levocetirizine and montelukast are outweighed by the therapeutically beneficial effects.

[0100] “Ameliorate,” “amelioration,” “improvement” or the like refers to, for
example, a detectable improvement or a detectable change consistent with improvement
that occurs in a subject or in at least a minority of subjects, e.g., in at least about 2%, 5%,
10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 98%,
100% or in a range between any two of these values. Such improvement or change may
be observed in treated subjects as compared to subjects not treated with levocetirizine and
montelukast, where the untreated subjects have, or are subject to developing, the same or
similar disease, condition, symptom or the like. Amelioration of a disease, condition,
symptom or assay parameter may be determined subjectively or objectively, e.g., self
assessment by a subject(s), by a clinician's assessment or by conducting an appropriate
assay or measurement, including, e.g., a quality of life assessment, a slowed progression

of a disease(s) or condition(s), a reduced severity of a disease(s) or condition(s), or a
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suitable assay(s) for the level or activity(ies) of a biomolecule(s), cell(s), by detection of
respiratory or inflammatory disorders in a subject, and/or by modalities such as, but not
limited to photographs, video, digital imaging and pulmonary function tests. Amelioration
may be transient, prolonged or permanent or it may be variable at relevant times during or
after levocetirizine and montelukast are administered to a subject or is used in an assay or
other method described herein or a cited reference, e.g., within timeframes described
infra, or about 1 hour after the administration or use of levocetirizine and montelukast to
about 28 days, or 1, 3, 6, 9 months or more after a subject(s) has received such treatment.

[0101] The “modulation” of, e.g., a symptom, level or biological activity of a
molecule, or the like, refers, for example, to the symptom or activity, or the like that is
detectably increased or decreased. Such increase or decrease may be observed in treated
subjects as compared to subjects not treated with levocetirizine and montelukast, where
the untreated subjects have, or are subject to developing, the same or similar disease,
condition, symptom or the like. Such increases or decreases may be at least about 2%,
5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, 100%, 150%, 200%, 250%, 300%, 400%, 500%, 1000% or more or within any
range between any two of these values. Modulation may be determined subjectively or
objectively, e.g., by the subject's self assessment, by a clinician's assessment or by
conducting an appropriate assay or measurement, including, e.g., quality of life
assessments, suitable assays for the level or activity of molecules, cells or cell migration
within a subject and/or by modalities such as, but not limited to photographs, video,
digital imaging and pulmonary function tests. Modulation may be transient, prolonged or
permanent or it may be variable at relevant times during or after levocetirizine and
montelukast are administered to a subject or is used in an assay or other method described
herein or a cited reference, e.g., within times described infra, or about 1 hour after the
administration or use of levocetirizine and montelukast to about 3, 6, 9 months or more
after a subject(s) has received levocetirizine and montelukast.

5 <¢

[0102] As used herein, the terms “prevent,” “preventing,” and “prevention”
refer to the prevention of the recurrence, onset, or development of an autoimmune
disorder. Preventing includes protecting against the occurrence and severity of upper
and/or lower respiratory tract infections.

[0103] As used herein, the term “prophylactically effective amount” refers to
the amount of a therapy (e.g., a pharmaceutical composition comprising montelukast and

levocetirizine) which is sufficient to result in the prevention of the development,
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recurrence, or onset of autoimmune disorders or to enhance or improve the prophylactic
effect(s) of another therapy.

[0104] As used herein, “subject” includes organisms which are capable of
suffering from autoimmune disorders or other disorder treatable by a combination of
montelukast and levocetirizine or who could otherwise benefit from the administration of
montelukast and levocetirizine as described herein, such as human and non-human
animals. Preferred human animals include human subjects. The term “non-human
animals™ includes all vertebrates, e.g., mammals, e.g., rodents, e.g., mice, and non-
mammals, such as non-human primates, e.g., sheep, dog, cow, chickens, amphibians,
reptiles, etc.

[0105] The following Examples are presented for the purposes of illustration

and should not be construed as limitations.

EXAMPLES

Example 1
[0106] Case Study: Idiopathic Thrombocytopenia Purpura (ITP)

Patient: YS
DOB: 01/39/1969
Age: 44

HPI:

[0107] Forty-four year old female originally seen and treated in our office in
2011 for recurrent epistaxis secondary to longstanding ITP (idiopathic thrombocytopenia
purpura). The epistaxis was treated with the microscope and silver nitrate cautery.

[0108] The past medical history is significant for ITP diagnosed in 2000
treated with prednisone and the periodic use of IV gamma globulin. Her clinical course
was complicated by streptococcal pneumonia sepsis requiring hospitalization from
06/30/2004 — 07/03/2004. This event was underscored by the development of severe
aortic insufficiency. YS thereafter underwent a splenectomy on 09/07/2005 in an attempt
to stabilize the low platelet count from her ITP and to prepare her for cardiac surgery.
She subsequently received a mechanical aortic valve on 10/18/2005. The valve itself
mandates the daily administration of Coumadin® (warfarin), an anticoagulant which

requires constant monitoring,
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[0109] Social Hx: married, living in Santa Barbara.
[0110] Religion: Jehovah’s Witness
[0111] Habits:

Alcohol — none

Tobacco — none

Coffee — one cup/day

Soda — none

Coffee — one cup/day

Tea — none

[0112] Major Medical Problems:

Idiopathic thrombocytopenia purpura - diagnosed 2000

Multiple myeloma - diagnosed 2012

Joint and skin pain secondary to the myeloma

Splenectomy - 2005 with associated increase risk for infection

Cardiac surgery - aortic mechanical heart valve 2005

Recurrent epistaxis secondary to her low platelet count plus the
requirement for Coumadin®

Sepsis - 2004

[0113] Surgery:

Hysterectomy without oophorectomy 2002

Laparoscopic splenectomy 09/07/2005 with preoperative platelet counts of
50k - 60k (normal 150k — 450k)

Cardiac: mechanical aortic valve — St. Jude prosthesis, 10/18/2005

[0114] Medications at the Time of the Initial Visit:

Coumadin® (warfarin) 7-8 mg / day as an anticoagulant

Ambien CR® (zolpidem) 12.5 mg orally at night for sleep

Ultram® (tramadol — non-narcotic centrally acting analgesic 50 mg orally
as need for pain

Prednisone (steroid) — intermittent use to control her platelets at a
hematological safe level

[0115] Pertinent Physical Examination:
[0116] Weight: 130 # 58 kg / Height: 5° 9.5 176.5 cm / BMI 18.9 — normal
[0117] ENT:
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Ears gray tympanic membranes, no hemotympanum noted

Nose large 1 mm left anterior superficial vessel treated with 2% pontocaine +
silver nitrate cautery

Throat normal oropharynx

Neck without adenopathy

[0118]

Interval Major Medical Problems: Strep pneumococcal sepsis requiring

hospitalization from 02/20/2012 — 03/03/2012

[0119]

Discharge Vital Siens:

[0120]
[0121]

[0122]

T 35.9°C /96.7°F Pulse 67 beats/min B/P 105/75 RR 20 /minute

02 saturation on room air 100%

At the time of discharge, she was on the following medications:

Atovaquone liquid 1500 mg orally, daily, #30, for pneumocystis carinii
prophylaxis

Ambien® (zolpidem) 10 mg orally at night, #30, for insomnia

Norco® (hydrocodone/acetaminophen) Smg - 325mg every four hours as
needed for pain, #30

Protonix® (pantoprazole) 40 mg orally, daily, #30, proton pump inhibitor
for possible ulcer

Carafate® (sucralfate) 1 gram/10 ml with meals and at night, #120, for
possible ulcer

Coumadin (warfarin) 7-8 mg once daily anticoagulant for the mechanical
aortic valve.

Lovenox® (enoxaparin) 60 mg subcutaneously, twice a day, #20,
additional anticoagulant for the mechanical heart valve

Rocephin® (ceftriaxone) broad spectrum cephalosporin antibiotic 2 grams
1V every 24 hours through 03/06/2012 for strep pneumococcal sepsis

Prednisone (steroid) 60 mg orally daily #30, for ITP

[0123]

Clinical Course:

[0124]

On 03/18/2012, the patient was seen in the Santa Barbara Cottage

Hospital Emergency Room for epistaxis secondary to a low platelet count of 68k and an

elevated INR of 4.67. Due to the mechanical aortic valve, the Coumadin® could not be

completely discontinued without fear of a cardiac death from clotting. She was given 5

mg of Vitamin K orally, to reverse in part, the dangerously elevated INR, packed and sent

home.
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[0125] INR: International Normalized Ratio as an index of the propensity to

form a blood clot.

Normal range 0.9-1.3
Stroke prophylaxis for atrial fibrillation 2.0-3.0
Mechanical heart valve prophylaxis 2.5-35

[0126] Additional Therapy: 03/20/2012 — Initiation of levocetirizine and

montelukast

[0127] YS was thereafter seen our office on 03/20/2012 with a nasal balloon
in place. High dose steroids, prednisone 60 mg / day had been maintained by her
Hematologist / Oncologist to stabilize the bone marrow and underlying disease process

post sepsis and hospitalization.

[0128] Laboratory Data:

03/18/2012 3/20/2012

WBC -49k/ulL WBC — 49k / uL

Hgb- 9.2 gm/dL Hgb — 9.6 gm/dL
Het- 278 % Het— 29.1%

Platelet count — 68k /uLL Platelet count — 53k /uLL

[0129] Initiated to complement to the ITP treatment protocol were

levocetirizine 5 mg orally daily + montelukast 10 mg orally daily as dual. safe. steroid

sparing, anti-inflammatory agents. Ferrous gluconate (iron) 324 mg plus Vitamin C 500

mg to aid absorption of the iron was also suggested to restore the hemoglobin and
hematocrit to normal levels.

[0130] Significantly improved platelet values were sustained above 100k/uL
from a baseline of 50k-60k /uL (normal 150k - 450k/uL) from mid-April 2012 through
early September 2012 as shown in Figure 2A-2C. Figure 2A shows the platelet counts 6
days after the initiation of treatment with levocetirizine and montelukast. From a platelet

count of 53k, the level rose to a 10 vear high of 183 k/uL only six days after treatment

was initiated. To reiterate, baseline platelet counts were traditionally between 50k-
60k/uL.. The numbers in early March 2012 reflect the response to high dose prednisone
60 mg/day started during the hospitalization for sepsis (2/20/2012-3/3/2012). Prednisone
was tapered to 15 mg/day in June 2012.
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[0131] Overview:

[0132] This case is a clinical example of the remarkable anti-inflammatory
synergy between two extremely safe, Pregnancy Category B molecules: levocetirizine
plus montelukast for the treatment of ITP (idiopathic thrombocytopenia purpura).

[0133] As previously mentioned, the combination of levocetirizine and
montelukast is steroid sparing. The molecules can be used to: (a) augment existing
therapies or (b) primarily in certain cases without resorting to the use of steroids or other
immune modulating agents, many of which are extremely toxic (e.g., lenalidomide
(Revlimid®). Lower doses of steroids decrease the risk of developing opportunistic
infection, electrolyte imbalance, weight gain, fluid retention, cataract formation,
hypertension, diabetes mellitus, and osteoporosis to iterate just a few of the myriad of
potential steroid side effects.

[0134] There have been no complications from the single daily dosing of

levocetirizine plus montelukast.

Example 2
[0135] Case Study: 69-year-old female with Autoimmune Neutropenia and

Steroid Induced Diabetes Mellitus

Patient PB
DOB 02/13/1944
Age 69

[0136] The patient is a 69-year-old female seen and evaluated in the office in
2011 for the evaluation of sphenoid sinusitis present on imaging in 2008. The
rhinosinusitis was underscored a history of chronic autoimmune neutropenia diagnosed
via bone marrow biopsy in December 1997. The onset of neutropenia was preceded by
pesticide exposure a few months earlier.

[0137] The past medical history is complicated by deep venous thrombosis
requiring Coumadin® prophylaxis, severe rheumatoid arthritis, hypertension and steroid
induced diabetes mellitus. Without prednisone she experiences significant joint pain and

swelling of the hands.

[0138] Occupational History: retired Computer Scientist
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[0139] Major Medical Problems:

[0140] Autoimmune neutropenia

[0141] Severe rheumatoid arthritis

[0142] History of deep venous thrombosis and pulmonary embolism
September 2010 due to a lupus anticoagulant

[0143] Stroke 03/03/2011 affecting the right leg

[0144] Chronic sphenoid sinusitis

[0145] Diabetes mellitus (steroid induced)

[0146] Severe vasculitis

[0147] Splenomegaly

[0148] Hypothyroidism on replacement

[0149] Chronic prednisone use

[0150] Steroid induced hypertension, adrenal suppression, diabetes
mellitus, weight gain, fluid retention, and osteopenia

[0151] Pulmonary artery hypertension

[0152] Right costophrenic angle cavity mass - 3.4 cm consistent with a

lung infarct

[0153] Medications on Presentation 01/17/2011:

Medrol (steroid) 24 mg daily for autoimmune neutropenia

Methotrexate (immunosuppressant)15 mg/week for arthritis

Humalog® sliding scale insulin averaging 8 units subcutaneously in the AM and 10 units
at dinner (injectable short acting insulin to control elevated blood sugar)

Metformin 500 mg three time per day (decreases hepatic glucose production and
intestinal glucose absorption; increases insulin sensitivity)

Glimepiride 4 mg per day (sulfonylurea which stimulates pancreatic islet beta cell insulin
release)

Armour® thyroid 120 mg daily (thyroid hormone replacement)

Plaquenil® (hydroxychloroquine) 400 mg per day / anti-malarial drug used off-label for
immune disorders

Spironolactone 50 mg twice a day (potassium sparing diuretic used to control steroid
induced

Coumadin® (warfarin) 3.5 mg daily for DVT (deep venous thrombosis) prophylaxis
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[0154] Supplements:

DHEA 25 mg orally twice a day to mitigate adrenal suppression caused by the chronic
use of steroids

lodine/lodide 12.5 mg per day

Vitamin D3 2000 units / day

Potassium 8 meg / day to supplement potassium loss from use of the diuretic

Calcium one capsule in the AM to help control osteoporosis caused by the steroids

Iron capsule one daily

Vitamin C 1000 mg daily

Folic acid one tablet per day to counteract folate depletion and resultant anemia caused by
the methotrexate

[0155] As Needed:

[0156] Lovenox® (enoxaparin) 200 mg injected as needed to augment the
anti-coagulant effect of the Coumadin®

[0157] Neupogen® (filgrastim) to increase the white blood cell count when
the absolute neutrophil count is below one thousand. Neupogen® stimulates granulocyte

and macrophage proliferation and differentiation.

[0158] Allergies / Sensitivity to Medication:

Penicillin - urticaria as a teenager

Avelox® (moxifloxacin) — central nervous system stimulation
Sulfa - nausea

Codeine — nausea

Metformin - nausea

[0159] Surgery:

Parathyroidectomy — 1998
Cholecystectomy — 1999
Placement of a venous umbrella filter (IVC — inferior vena cava) 2010

[0160] Habits:

Tobacco use — none

Alcohol — none

Tea— 5 cups of herbal tea/week

Coffee — 2 cups/month — decaffeinated

Soda - 2 per month
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[0161] Pertinent Physical Examination:
[0162] Vital signs: T 96.5 °F 35.8°C B/P 151/81 Pulse 84 beats /minute

Respiratory rate 14 / minute
[0163] Weight: 204-218 #/92.7-99 kg  Height: 5°87/172.7 cm BMI
31.0 / Obesity Class I/I11

[0164] ENT:
Ears 10x micro / gray tympanic membranes, mild tympanosclerosis, no
middle ear effusion
Nose anterior erythema consistent with a Staphylococcus aureus carrier state
Throat 0.5+/4+ tonsils, normal oropharynx
Larynx mild erythema, clear secretions
Neck without adenopathy

[0165] Laboratory Data:
[0166] 08/26/2010

WBC (white blood cell count): 0.5 k/uL low (normal range 4.5-10.5 k/uL.)

Absolute white blood cell count: 140 /uL.

Assessment from outside records: prolonged neutropenia, currently on
levofloxacin (quinolone antibiotic) and
nystatin (antifungal). Neupogen®
(filgrastim) initiated to increase the white
blood cell count.

[0167] 12/31/2010
| WBC (white blood cell count): | 2.7 K/uL low (normal range 4.5-10.5 k/uL) |
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[0168] 06/27/2011

WBC (white blood cell count): 2.8 k/uL low (normal range 4.5-10.5 k/uL)
Absolute white blood cell count: 1.89 k/uL on 35 mg of prednisone

Hg (hemoglobin): 11.6 gm/dL low ( normal 12.0-16.0)

Hct (hematocrit): 35.9% low ( 36.0-46.0)

Platelet count: 230,000 /uL.

Kidney function: 0.7 mg/dl (normal 0.5-1.6 mg/dl)
Creatinine

Liver enzymes:
ALT (SGPT) 48 IU/L elevated (normal 2-45)
AST (SGOT) 24 TU/L (normal 2-50)

Index of inflammation / infection:
CRP (C-reactive protein)

Sed Rate (sedimentation rate) 7.88 mg/L elevated (normal 0.07-4.94)

9 mm/hour (normal 0-20)

[0169] Assessment: 69 year old female with autoimmune neutropenia

(diagnosed in 1997), severe theumatoid arthritis and steroid induced diabetes mellitus

[0170] Clinical Course / Treatment Regimen: 06/28/2011: Initiated

levocetirizine and montelukast

[0171] The patient was seen in follow-up on 06/28/2011 to review records
regarding her chronic sinusitis. In the interim she had experienced a stroke on 03/03/2011
affecting her left lower extremity. The Coumadin® (warfarin) was subsequently replaced
by Lovenox® (enoxaparin) 130 mg injected subcutaneously every 24 hours plus Plavix®
(clopidogrel) 75 mg orally per day. The Medrol® (methylprednisolone) 24 mg had been
replaced by prednisone 35 mg per day and methotrexate increased to 90 mg once a week.

[0172] Due to the high-risk nature of potential sphenoid sinus surgery, a
medical option consisting of a six month trial of levocetirizine + montelukast was
discussed. The products, safety, pathway and science were reviewed in detail. She was
subsequently begun on levocetirizine 5 mg daily plus montelukast 10 mg daily on
06/28/2011.

[0173] On 08/24/2011, PB was independently seen by her oncologist at the
Sansum Santa Barbara Medical Foundation Clinic. A quote from that medical record is as
follows: “What appears to be miraculous is that this patient since starting Dr. May’s

levocetirizine and montelukast her white count has normalized. In July 2011, her white
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count was 2.8K with 73% neutrophils. In August 2011 her white count was 4.6k/uL with
90% neutrophils. Her CRP (C-reactive protein, an index for inflammation, normal < 10)
is down to 7.5. Her Sedimentation Rate (another index of inflammation, normal 0-20) is

6. Clinically she is “feeling fine.”

[0174] Effect of Sustained Treatment with Levocetirizine plus montelukast

[0175] The patient has been maintained on levocetirizine plus montelukast

since 06/28/2011. Her white blood cell count has stabilized to the highest averaged levels

in 10 years. Her total white blood cell count has not been below 2.6 k/ulL at any time in
the past nineteen months. Recent counts were 5.5 K/uL, 11/05/2012, 4.5 K/uL,
12/04/2012 and 4.1 K/uL, 01/22/2013. Both prednisone and methotrexate were tapered to
20 mg/day and 20 mg/ week, respectively on 08/23/2011, approximately two months

following the initiation of the new treatment protocol. On 12/15/2011 the prednisone was

reduced to 15 mg / day, thereby eliminating her diabetes mellitus and associated

medications.

[0176] Overview:

[0177] This case is a clinical example of the remarkable anti-inflammatory
synergy between two extremely safe molecules: levocetirizine plus montelukast for the
treatment of one form of autoimmune disease, autoimmune neutropenia. The combination
therapy has stabilized the patient’s white blood cell count and dramatically improved
quality of life by lowering the required daily use of prednisone. This reduction has led to

the elimination of her steroid induced diabetes mellitus.
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WHAT IS CLAIMED IS:

1. A method of treating an autoimmune disorder in a patient in need thereof
comprising administering to the patient an effective amount of a combination of
levocetirizine and montelukast.

2. A method of treating a symptom of an autoimmune disorder in a patient in
need thereof comprising administering to the patient an effective amount of a
combination of levocetirizine and montelukast.

3. The method of any of Claims 1 to 2, wherein the autoimmune disorder is
idiopathic thrombocytopenia purpura.

4. The method of any of Claims 1 to 2, wherein the autoimmune disorder is
autoimmune neutropenia.

5. The method of any of Claims 1 to 2, wherein the combination is
administered at the onset of symptoms.

6. The method of any of Claims 1 to 2, wherein the combination is
administered in a sequential manner.

7. The method of any of Claims 1 to 2, wherein the combination is
administered in a substantially simultaneous manner.

8. The method of any of Claims 1 to 2, further comprising the administration

of an additional active agent.

9. The method of Claim 8, wherein the additional active agent is a steroid.

10. The method of Claim 8, wherein the additional active agent is a
glucocorticoid.

11. The method of Claim 9, wherein the glucocorticoid is prednisone.

12, The method of Claim 9, wherein the glucocorticoid is methyl-

prednisolone.

13. The method of Claim 8, wherein the additional active agent is an
immunosuppressant.

14. The method of Claim 14, wherein the immunosuppressant is methotrexate.

15. The method of Claim 8, wherein the additional active agent is a
supplement.

16. The method of Claim 15, wherein the supplement is ferrous gluconate.

17. The method of Claim 15, wherein the supplement is vitamin C.
18. The method of Claim 8, wherein the additional active agent is an

antibacterial.
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19. The method of Claim 18, wherein the additional active agent is dapsone.

20. The method of Claim 8, wherein the additional active agent is a protein.

21. The method of Claim 20, wherein the protein is filgrastim.

22. The method of Claim 8, wherein the additional active agent is an
immunomodulator.

23. The method of Claim 22, wherein the immunomodulator is lenalidomide.

24.  The method of any of Claims 1 to 2, wherein the combination is

administered to the patient by one or more of the routes consisting of enteral, intravenous,

intraperitoneal, inhalation, intramuscular, subcutaneous and oral.

25.

The method of any of Claims 1 to 2, wherein the levocetirizine and

montelukast are administered by the same route.
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Intravenous immune
globulin (1 g/kg/day for

Anti-D immune globulin

4/4
Presentation
30,000-50,000
Hemorrhage <30,000 platelets/mm?3 platelets/mm3  >50,000 platelets/mm3
Platelet ransfusion Prednisone (1-1.5 mg/kg/day)  Prednisone or No treatment

no treatment

2. 3days) (75uglkg)
Methylprednisolone
(1 g/day for 3 days)
Chronic immune
thrombocytopenic
purpura U U
30,000-50,000 <30,000 platelets/mm?
platelets/mm?3 I
Prednisone or Active No active
no treatment bleeding bleeding

!

Intravenous immune globulin - Medical
Methylprednisolone therapy
Splenectomy I

Dapsone (75-100mg/day)
Intravenous anti-D immune globulin;
intravenous immune globulin

Prednisone
JEDanazol (10-15 mg/kg/day)

<30,000 platelets/mm3 >30,000 platelets/mm3

|

Splenectomy

Splenectomy

Chronic, refractory immune
thrombocytopenic purpura

>30,000 platelets/mm3
No treatment

)

<30,000 platelets/mm?

!

No treatment

)

Medical therapy

Gradual discontinuation
of therapy or continued

!

Inhibitors of platelet clearance
Prednisone

Intravenous immune globulin
Vinca alkaloids

Danazol

V

Immunosuppressive drugs

Azathioprine
Cyclophosphamide
Cyclosporine

}

Experimental agents
Antibody against CD20
Antibody against CD154
Bone morrow transplantation
Thrombopoietin
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