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(57) Abstract: The present invention relates to the medical use of polysulfated polysaccharides and compositions thereof for the treat-
ment of disease or disorders associated with bone marrow pathologies in the musculoskeletal system of a mammal. In particular, the
invention relates to use of polysulfated polysaccharides, such as pentosan polysulfate, in treatment of bone marrow edema lesions or
spinal Modic Endplate Changes as assessed by magnetic resonance imaging (MRI).
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Treatment of bone marrow pathologies with polysulfated polysaccharides

Technical Field

This invention relates to the medical use of polysulfated polysaccharides and
compositions thereof for the treatment of disease or disorders associated with bone
marrow pathologies in the musculoskeletal system of a mammal. In particular, the
invention relates to use of polysulfated polysaccharides in treatment of bone marrow
edema lesions or spinal Modic Endplate Changes as assessed by magnetic resonance

imaging (MRI).

Background

Bone Marrow Edema Lesions

Bone marrow edema lesions (BMEL) are changes that occur in the subchondral bone
and are detected by MRI depicting the severity of symptoms including pain ([1] —[3])
and cartilage degeneration ([4] —[7]) in osteoarthritic patients. BMELSs are generally
evaluated using fat-suppressed proton density or T2-weighted sequences. In fat
suppressed T2-weighted and fat suppressed proton density weighted sequences BMELSs

appear as hyper-intense signals [8].

The MRI signals related to the BMELSs are thought to arise from an increase in
concentration of blood and interstitial fluids (including infiltrating macrophages) in
areas of trabecular microfractures and collapse within the bone marrow [8]. Improved
spatial resolution and multiplanar reconstructions provide a potential role of 3D fast

spin echo sequences, particularly for imaging of cartilage [9].

There are increasing data that suggest that BMELSs play an important role in the
pathogenesis of arthritic conditions such as osteoarthritis conditions which include knee

osteoarthritis.

Knee Osteoarthritis
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Knee osteoarthritis (OA) is a disorder characterized by bone changes around the knee
joint, progressive loss of joint cartilage, joint space narrowing, and eventual total joint
failure. Knee OA results in knee pain, significant physical disability, and reduced
quality of life. Results of epidemiological studies suggest that there are approximately
12 million patients in the United States, 50 years of age and older, with symptomatic

knee OA, of whom an estimated approximately 7 million have BMLs.

Patients with knee osteoarthritis may exhibit BMELSs that appear as areas of increased
signal intensity on MRI of the knee, and in established disease BMELs are associated
with knee pain [2], disease severity and disease progression including radiological
progression of knee osteoarthritis [10] and cartilage loss based on MRI ([5], [11]).
Furthermore, in progressive osteoarthritis BMELs are more likely to persist and enlarge
in size with an associated increase in cartilage loss [S]. Moreover, the severity of

BMEL has been shown to correlate with the risk of knee arthroplasty [12].

The strong association with BMEL with pain and loss of cartilage has heightened
pharmaceutical interest to target this structural lesion for monitoring progression of knee

osteoarthritis and therapeutic effects ([13] - [15]).

Chronic Low Back Pain

Chronic Low Back Pain (CLBP) is defined as persistent or fluctuating low back pain
lasting at least three months. CLBP, or back pain in general, is a disabling and costly
condition that is associated with increased healthcare utilization. Some patients with
CLBP exhibit Modic changes (MCs) which are vertebral bone marrow changes that are
visible on MRI of the spine.

Of the three classified MCs, Type L, II and 111, Type I changes are hypointense on T1-
weighted imaging (T 1WI) and hyperintense on T2-weighted imaging (T2WT) and
represent bone marrow edema and inflammation. Type I changes are hyperintense on
T1WI and isointense or slightly hyperintense on T2WI and were associated with

conversion of normal red hemopoietic bone marrow into yellow fatty marrow as a
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result of marrow ischemia. Modic Type Il changes are described as hypointense on
both TIWI and T2WTI and were thought to represent subchondral bone sclerosis.
Mixed-type I/II and II/IIT Modic changes have also been reported, suggesting that these

changes can convert from one type to another [15A].

Of the three classified MCs, Type L, II and 11, Type I are especially associated with
low back pain, persistent symptoms and poor outcomes. Results of epidemiological
studies suggest that there are approximately 9 million adults in the United States with

CLBP, of whom an estimated approximately 1.6 million have type I MCs.

The economic costs of CLBP are estimated to range from $12.2 billion to $90.6 billion
annually in the United States. Factors that contribute to this economic impact include
prolonged loss of function, consequent loss of work productivity, treatment costs, and

disability payments.

Patients with CLBP may exhibit MCs. MCs are vertebral bone marrow changes that
are visible on MRI of the spine, and that are associated with low back pain, based on
published studies. Findings from various studies have demonstrated that the presence
of MCs, especially type I MCs, is correlated with low back pain, predicts persistent
symptoms, and sick leaves, and is associated with poor outcomes. These findings

suggest that MCs are a potential target for pharmaceutical intervention.

Polysulfated polysaccharides

Heparin and structurally related polysulfated polysaccharides such as pentosan
polysulfate, chitosan polysulfate, the fucans efc have been used for a number of years
as anticoagulants [16 — 21]. Pentosan polysulfate (PPS) is a weaker anticoagulant than
heparin [16, 18, 20] but has been used post-surgically and prophylactically as a
thrombolytic agent [21]. When given via the oral and intrathecal routes, PPS has been
used for the treatment of interstitial cystitis (inflammation of the bladder) [22 — 24].
Indeed, PPS is the active agent in the drug ELMIRON® which is currently prescribed

for interstitial cystitis. The potential use of PPS in treatment of inflammatory
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conditions such as asthma, allergic rhinitis, and/or chronic obstructive pulmonary
disease (COPD) has also been described [25], as has the use of PPS in osteoporosis
[26]; and the use of PPS in bone marrow edema [27].

Current treatment options for BMELSs are diverse with limited reports of improved
clinical outcome. The standard treatment of BMELSs in osteoarthritic patients consists
of analgesic or anti-inflammatory medications combined with reduced weight-bearing
and physical therapy until symptoms disappear [28]. However, non-steroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids have been found to have negative
effects on bone healing and the metabolism of cartilage ([29] —[32]). The risk of
fracture, both traumatic and spontaneous, is increased in those subjects that take
continuous corticosteroid therapy [31]. There is a need for pharmaceuticals that do not
have these negative effects in expanding the repertoire of pharmaceutical agents

available in providing new and improved medicines for bone marrow pathologies.

Summary

The present invention is based on the surprising finding that treatment with PPS
showed a decrease in BMEL volume and, in some cases, complete reduction in BMELs
in a patient with no post-treatment adverse events reported on follow-up. Therefore,
PPS may be an improved alternative pharmaceutical option to NSAIDs and
corticosteroids with potential disease modifying activity. The finding implicates the
potential effectiveness of PPS as a treatment option for BMELSs and joint effusion in
patients and for MCs in patients. The finding also implicates the potential effectiveness
of PPS as a treatment in patients who have BMELSs and joint effusion and are suffering
from arthritic conditions such as osteoarthritis. The finding further implicates the
potential effectiveness of PPS as a treatment in patients who have MCs and are

suffering from back pain such as CLBP .

According to a one aspect, there is provided a method for the treatment of bone marrow

edema lesions as assessed by magnetic resonance imaging (MRI) in a mammal, the
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method comprising the step of administering a polysulfated polysaccharide or an

acceptable salt thereof, to a mammal in need of such treatment.

According to an another aspect, there is provided a method for the treatment of Modic
Endplate Changes Type I in the spine of a mammal as assessed by magnetic resonance
imaging (MRI), the method comprising the step of administering a polysulfated

polysaccharide or an acceptable salt thereof, to a mammal in need of such treatment.

According to another aspect, there is provided a method for the treatment of back pain
in a mammal with Modic Endplate Changes Type I in the spine as assessed by

magnetic resonance imaging (MRI), the method comprising the step of administering a
polysulfated polysaccharide or an acceptable salt thereof, to a mammal in need of such

treatment.

According to another aspect, there is provided a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for the
treatment of bone marrow edema lesions as assessed by magnetic resonance imaging

(MRI) in a mammal.

According to another aspect, there is provided a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for use in the
treatment of bone marrow edema lesions as assessed by magnetic resonance imaging

(MRI) in a mammal.

According to another aspect, there is provided a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for the
treatment of Modic Endplate Changes Type I in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).

According to another aspect, there is provided a composition comprising a polysulfated

polysaccharide or an acceptable salt thereof, and an acceptable excipient for use in the
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treatment of Modic Endplate Changes Type I in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).

According to another aspect, there is provided a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for the
treatment of back pain in a mammal with Modic Endplate Changes Type I in the spine

of a mammal as assessed by magnetic resonance imaging (MRI).

According to another aspect, there is provided a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for use in the
treatment of back pain in a mammal with Modic Endplate Changes Type I in the spine

of a mammal as assessed by magnetic resonance imaging (MRI).

According to another aspect, there is provided use of a polysulfated polysaccharide or
an acceptable salt thereof, in the treatment of bone marrow edema lesions as assessed

by magnetic resonance imaging (MRI) in a mammal.

According to another aspect, there is provided use of a polysulfated polysaccharide or
an acceptable salt thereof, in the manufacture of a medicament for the treatment of
bone marrow edema lesions as assessed by magnetic resonance imaging (MRI) in a

mammal.

According to another aspect, there is provided use of a polysulfated polysaccharide or
an acceptable salt thereof, in the treatment of Modic Endplate Changes Type I in the

spine of a mammal as assessed by magnetic resonance imaging (MRI).

According to another aspect, there is provided use of a polysulfated polysaccharide or
an acceptable salt thereof, in the manufacture of a medicament for the treatment of
Modic Endplate Changes Type I in the spine of a mammal as assessed by magnetic

resonance imaging (MRI).
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According to another aspect, there is provided use of a polysulfated polysaccharide or
an acceptable salt thereof, in the treatment of back pain in a mammal with Modic
Endplate Changes Type I in the spine as assessed by magnetic resonance imaging

(MRI).

According to another aspect, there is provided use of a polysulfated polysaccharide or
an acceptable salt thereof, in the manufacture of a medicament for the treatment of back
pain in a mammal with Modic Endplate Changes Type I in the spine as assessed by

magnetic resonance imaging (MRI).

Unless otherwise defined herein, scientific and technical terms used in connection with
the present application shall have the meanings that are commonly understood by those
of ordinary skill in the art. Further, unless otherwise required by context, singular terms
shall include pluralities and plural terms shall include the singular. Thus, as used in this
specification and the appended claims, the singular forms “a”, “an” and “the” include
plural referents unless the context clearly indicates otherwise. For example, reference to

“a cell” includes populations of a plurality of cells.

With regards to the definitions provided herein, unless stated otherwise, or implicit
from context, the defined terms and phrases include the provided meanings. Unless
explicitly stated otherwise, or apparent from context, the terms and phrases below do
not exclude the meaning that the term or phrase has acquired by a person skilled in the
relevant art. The definitions are provided to aid in describing particular embodiments,
and are not intended to limit the claimed invention, because the scope of the invention

is limited only by the claims.

Throughout the present specification, various aspects and components of the invention
can be presented in a range format. The range format is included for convenience and
should not be interpreted as an inflexible limitation on the scope of the invention.
Accordingly, the description of a range should be considered to have specifically
disclosed all the possible sub-ranges as well as individual numerical values within that

range, unless specifically indicated. For example, description of a range such as from 1
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to 5 should be considered to have specifically disclosed sub-ranges such as from 1 to 2,
from 1 to 3, from 1 to 4, from 2 to 3, from 2 to 4, from 2 to 5, from 3 to 4 etc., as well
as individual and partial numbers within the recited range, for example, 1, 2, 3, 4, and
5. This applies regardless of the breadth of the disclosed range. Where specific values

are required, these will be indicated in the specification.

The term “acceptable excipient” includes excipients or agents such as solvents,
diluents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like that are physiologically compatible and are not
deleterious to a compound as described herein or use thereof. The use of such carriers
and agents to prepare compositions of pharmaceutically active substances is well
known in the art (see, for example Remington: The Science and Practice of Pharmacy,

21st Edition; Lippincott Williams & Wilkins: Philadelphia, PA, 2005).

The term “acceptable salts" include, but are not limited to, inorganic acid salts such as
hydrochloride, hydrobromide, sulfate, phosphate and the like; organic acid salts such as
formate, acetate, trifluoroacetate, maleate, tartrate and the like; sulfonates such as
methanesulfonate, benzenesulfonate, p-toluenesulfonate and the like; amino acid salts
such as arginate, asparaginate, glutamate and the like; metal salts such as sodium salt,
potassium salt, cesium salt and the like; alkaline earth metals such as calcium salt,
magnesium salt and the like; and organic amine salts such as triethylamine salt,
pyridine salt, picoline salt, ethanolamine salt, triethanolamine salt, discyclohexylamine

salt, N,N'-dibenzylethylenediamine salt and the like.

Base salts include, but are not limited to, those formed with pharmaceutically
acceptable cations, such as sodium, potassium, lithium, calcium, magnesium, zinc,
ammonium, alkylammonium such as salts formed from triethylamine,
alkoxyammonium such as those formed with ethanolamine and salts formed from
ethylenediamine, choline or amino acids such as arginine, lysine or histidine. General
information on types of acceptable salts and their formation is known to those skilled in
the art and is as described in general texts such as “Handbook of Pharmaceutical salts”

P.H.Stahl, C.G.Wermuth, 1* edition, 2002, Wiley-VCH.
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The terms "administration of' and or "administering a" compound should be
understood to mean providing a compound of the invention to the individual in need of

treatment.

The term "composition" as used herein is intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which results,
directly or indirectly, from combination of the specified ingredients in the specified

amounts.

Throughout this specification the word "comprise", or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

This invention is directed to treatments of mammal subjects. The treatment of a
“mammal” subject may also be referred to the treatment of a “patient” or an
“individual”. A “mammal” subject has presented a clinical manifestation of a
particular symptom or symptoms suggesting the need for treatment, is treated for a

condition, or who has been diagnosed with a condition to be treated.

Thus, the invention is to be understood to be applicable to humans and other non-
human mammals unless specifically indicated otherwise. The human can be male or
female. Other non-human mammals may be a primate, livestock and farm animals (e.g.
sheep, horses, cattle, pigs), domestic pets, such as cats and dogs, performance animal
(e.g. racehorses, camels, greyhounds), laboratory test animal (e.g. mice, rabbits, rats,
guinea pigs) as well as those mammals that usually exist in the wild but may be
susceptible to treatment by virtue of such mammals being situated in zoos, wildlife

parks and the like.

As used herein, the terms "treating", "treat" or "treatment" and variations thereof, refer
to clinical intervention designed to alter the natural course of the subject during the

course of clinical pathology. Desirable effects of treatment include decreasing the rate
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of disease progression, ameliorating or palliating the disease state, and remission or
improved prognosis. A subject is successfully "treated", for example, if one or more of

the above treatment outcomes is achieved. As used herein, the terms "treating", "treat"

EEINN13
2

or "treatment" and variations thereof encompass “preventing”, “prevent” or
“prevention” which would be understood to refer to clinical intervention designed to

avert the development of a course of clinical pathology.

An "effective amount" encompasses a “therapeutically effective” amount which refers
to at least the minimum concentration or amount required to effect a measurable
improvement of a particular disease (e.g., bone marrow edema). An effective amount
herein may vary according to factors such as the disease state, age, sex, and weight of
the patient, and the ability of the PPS to elicit a desired response in the individual. An
effective amount is also one in which any toxic or detrimental effects of the PPS are
outweighed by the therapeutically beneficial effects. An "effective amount" also
encompasses a "prophylactically effective" amount which refers to the amount of drug

or the rate of drug administration needed to produce the desired preventive result.

Description of Embodiments

The present disclosure relates to a method for the treatment of bone marrow edema
lesions as assessed by magnetic resonance imaging (MRI) in a mammal, the method
comprising the step of administering a polysultated polysaccharide or an acceptable salt

thereof, to a mammal in need of such treatment.

Preferably, the mammal is suffering from an arthritic condition. The arthritic condition
is preferably selected from rheumatoid arthritis or osteoarthritis. Preferably, the
arthritic condition is rheumatoid arthritis.  Preferably, the arthritic condition is
osteoarthritis. Preferably, the osteoarthritis is in an articulating joint selected from the
group consisting of’ an ankle, a hip, knee, shoulder, spine and wrist. The osteoarthritis

is preferably in the knee. Preferably, the osteoarthritis is in the spine (spondylosis).
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The present disclosure relates to a method for the treatment of Modic Endplate Changes
Type I in the spine of a mammal as assessed by magnetic resonance imaging (MRI),
the method comprising the step of administering a polysulfated polysaccharide or an

acceptable salt thereof, to a mammal in need of such treatment.

The present disclosure relates to a method for the treatment of back pain in a mammal
with Modic Endplate Changes Type 1 in the spine as assessed by magnetic resonance
imaging (MRI), the method comprising the step of administering a polysulfated

polysaccharide or an acceptable salt thereof, to a mammal in need of such treatment.

Preferably, the back pain is selected from the group consisting of: general back pain,
acute back pain and chronic back pain. The back pain is preferably selected from the
group consisting of: general low back pain, acute low back pain and chronic low back
pain. Preferably, the back pain is chronic low back pain. The Modic Endplate Changes
Type I in the spine are preferably associated with Modic Endplate Changes Type II in
the spine. Preferably, the Modic Endplate Changes Type I in the spine are associated
with Modic Endplate Changes Type III in the spine.

The present disclosure relates to a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for the
treatment of bone marrow edema lesions as assessed by magnetic resonance imaging

(MRI) in a mammal.

The present disclosure relates to a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for use in the
treatment of bone marrow edema lesions as assessed by magnetic resonance imaging

(MRI) in a mammal.

Preferably, the mammal is suffering from an arthritic condition. The arthritic condition
is preferably selected from rheumatoid arthritis or osteoarthritis. Preferably, the

arthritic condition is rheumatoid arthritis.  Preferably, the arthritic condition is
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osteoarthritis. Preferably, the osteoarthritis is in an articulating joint selected from the
group consisting of: an ankle, a hip, knee, shoulder, spine and wrist. The osteoarthritis

is preferably in the knee. Preferably, the osteoarthritis is in the spine (spondylosis).

The present disclosure relates to a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for the
treatment of Modic Endplate Changes Type 1 in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).

The present disclosure relates to a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for use in the
treatment of Modic Endplate Changes Type I in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).

The present disclosure relates to a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for the
treatment of back pain in a mammal with Modic Endplate Changes Type I in the spine

of a mammal as assessed by magnetic resonance imaging (MRI).

The present disclosure relates to a composition comprising a polysulfated
polysaccharide or an acceptable salt thereof, and an acceptable excipient for use in the
treatment of back pain in a mammal with Modic Endplate Changes Type I in the spine

of a mammal as assessed by magnetic resonance imaging (MRI).

Preferably, the back pain is selected from the group consisting of: general back pain,
acute back pain and chronic back pain. The back pain is preferably selected from the
group consisting of: general low back pain, acute low back pain and chronic low back
pain. Preferably, the back pain is chronic low back pain. The Modic Endplate Changes
Type I in the spine are preferably associated with Modic Endplate Changes Type II in
the spine. Preferably, the Modic Endplate Changes Type I in the spine are associated
with Modic Endplate Changes Type III in the spine.
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The present disclosure relates to use of a polysulfated polysaccharide or an acceptable
salt thereof, in the treatment of bone marrow edema lesions as assessed by magnetic

resonance imaging (MRI) in a mammal.

The present disclosure relates to use of a polysulfated polysaccharide or an acceptable
salt thereof, in the manufacture of a medicament for the treatment of bone marrow

edema lesions as assessed by magnetic resonance imaging (MRI) in a mammal.

Preferably, the mammal is suffering from an arthritic condition. The arthritic condition
is preferably selected from rheumatoid arthritis or osteoarthritis. Preferably, the
arthritic condition is rheumatoid arthritis.  Preferably, the arthritic condition is
osteoarthritis. Preferably, the osteoarthritis is in an articulating joint selected from the
group consisting of: an ankle, a hip, knee, shoulder, spine and wrist. The osteoarthritis

is preferably in the knee. Preferably, the osteoarthritis is in the spine (spondylosis).

The present disclosure relates to use of a polysulfated polysaccharide or an acceptable
salt thereof, in the treatment of Modic Endplate Changes Type I in the spine of a

mammal as assessed by magnetic resonance imaging (MRI).

The present disclosure relates to use of a polysulfated polysaccharide or an acceptable
salt thereof, in the manufacture of a medicament for the treatment of Modic Endplate
Changes Type I in the spine of a mammal as assessed by magnetic resonance imaging

(MRI).

The present disclosure relates to use of a polysulfated polysaccharide or an acceptable
salt thereof, in the treatment of back pain in a mammal with Modic Endplate Changes

Type I in the spine as assessed by magnetic resonance imaging (MRI).

The present disclosure relates to use of a polysulfated polysaccharide or an acceptable

salt thereof, in the manufacture of a medicament for the treatment of back pain in a
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mammal with Modic Endplate Changes Type I in the spine as assessed by magnetic

resonance imaging (MRI).

Preferably, the back pain is selected from the group consisting of: general back pain,
acute back pain and chronic back pain. The back pain is preferably selected from the
group consisting of: general low back pain, acute low back pain and chronic low back
pain. Preferably, the back pain is chronic low back pain. The Modic Endplate Changes
Type I in the spine are preferably associated with Modic Endplate Changes Type II in
the spine. Preferably, the Modic Endplate Changes Type I in the spine are associated
with Modic Endplate Changes Type III in the spine.

The present disclosure also contemplates the methods, compositions and uses as
described above, wherein the polysulfated polysaccharide is preferably selected from
the group consisting of high molecular weight heparin, low molecular weight heparins,
the heparan sulfates, pentosan polysulfate, chondroitin polysulfate, chitosan
polysulfate, dermatan polysulfate sulodexide, dextran sulfate, polysulfated inulin,
sulfated lactobionic acid amide, sulfated bis-aldonic acid amide, sucrose octasulfate,
fucoidan-1, fucoidan-2, sulfated beta-cyclodextrin, sulfated gamma-cyclodextrin and

small sulfated compounds including, but are not limited to, inositol hexasulfate.

Preferably, the polysulfated polysaccharide is selected from the group consisting of
high molecular weight heparin, low molecular weight heparins, pentosan polysulfate

(PPS), chondroitin polysulfate and chitosan polysulfate.

The pentosan polysulfate (PPS) is preferably selected from the group consisting of’ the
sodium salt of pentosan polysulfate (NaPPS), the magnesium salt of pentosan
polysulfate (MgPPS), the calcium salt of pentosan polysulfate (CaPPS), and the zinc
salt of pentosan polysulfate (ZnPPS).

Preferably, the pentosan polysulfate (PPS) is sodium pentosan polysulfate (NaPPS).
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In one preferred embodiment, NaPPS is manufactured to the specifications lodged with
the US FDA and European Community EMEA by Bene-PharmaChem GmbH & Co
KG, Geretsried, Germany.

It will be recognized by persons skilled in the art, that PPS and PPS compositions
suitable for administration by a variety of routes may be formulated by reference to
standard textbooks in this field, such as Remingion: The Science and Practice of
Pharmacy, 21st Edition; Lippincott Williams & Wilkins: Philadelphia, PA, 2005).
These compositions include by injection, oral (including tablets and capsules
containing gastro-intestinal drug absorption extenders and enhancers), intravenous and

the like.

Preferably, the treatment is by administering an injection by the intra-muscular (IM) or
sub-cutaneous (SC) routes, intra-venously (IV), intra-articularly (IA), peri-articularly,

topically, via suppositories or orally.

Preferably, the treatment is by administering the polysulfated polysaccharide or the
acceptable salt thereof to the mammal in an effective amount of about 1 to 2 mg/kg of

the mammal per dose.

Preferably, the treatment is by administering the polysulfated polysaccharide or the
acceptable salt thereof to the mammal in an effective amount of about 2 mg/kg of the
mammal per dose. The effective amount is preferably about 1.0 to 2.0 mg/kg of the
subject per dose. In certain embodiments, the effective amount is about 1.0 to 1.5
mg/kg; 1.5 to 2.0 mg/kg; 0.5 mg/kg; 1.0 mg/kg; 1.5 mg/kg; or 2.0 mg/kg. In certain
embodiments, the effective amount is a fixed dose of between about 25 mg and 4000
mg. In certain embodiments, the effective amount is a fixed dose of between about 25
mg and 300 mg. In certain embodiments, the effective amount is a fixed dose of about
25 mg, 50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 175 mg, 200 mg, 225 mg, 250 mg,
275 mg, or 300 mg. In certain embodiments, the effective amount is a fixed dose of
about 350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg, 750 mg,
800 mg, 850 mg, 900 mg, 950 mg, 1000 mg, 2000 mg, 3000 mg, or 4000 mg.
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Preferably, the treatment is by administering an injection. The treatment is preferably
by administering a sub-cutaneous (SC) injection. The treatment is preferably by

administering an intramuscular (IM) injection.

Preferably, administration to a human is by dosing in a treatment regimen once daily,
twice weekly or thrice weekly. The administration to a human is preferably by dosing
in a treatment regimen twice weekly. Preferably, the administration to a human is by
dosing in a treatment regimen twice weekly with a minimum of three days and a
maximum of four days between dosages. The administration to a human is preferably
by dosing in a treatment regimen twice weekly for six weeks. Preferably, the total dose
of polysulfated polysaccharide administered in the treatment regimen is about 200 to

4000 mg.

Thus, the dosage would be adjusted accordingly for heavier or lighter weighted
individuals. The treatment regimen may be adapted according to the severity of the
pain experienced by the subject. In some instances where a patient is experiencing high
level pain, it is desirable to reach a therapeutic loading of the PPS as quickly as
possible. This may necessitate, for example, the administration of about 1.0 mg/kg or

more PPS daily until the pain is resolved.

When administration is by injection, this would normally be carried out in a clinical
situation by a nurse/doctor. The person skilled in the art would understand that the key
to successful treatment is to administer sufficient PPS to the subject to achieve an
optimum therapeutic dose in the vicinity of the tissue lesion. Since it is known that
PPS accumulates in connective tissues, loading can be achieved over time, eg daily
doses of 1 mg PPS/kg over 4 - 5 days. It would be expected that for severe chronic
cases the subject may require more than one course of treatment per year maybe twice

or thrice per year.

From a safety point of view a lower dose range (1 - 2mg PPS/kg or a fixed dose of
about 25 — 50 mg) over a longer period and with decreased frequency of administration

is preferred. This is because PPS is a known anticoagulant and the basal APT may be
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elevated with the higher dose (> 3mg PPS/kg or a fixed dose of about 150 — 200 mg)

which could potentially encourage bleeding of any open wounds.

Whilst administration by injection is preferred, oral or topical formulations of PPS may
be used as follow-up (maintenance dose) for the initial IM or SC PPS treatments. This
would also be applicable to oral dosing. For administration by IV infusion, the lower

doses of 0.5 -1 mg PPS/kg daily are preferred.

The present disclosure also contemplates co-administration of other therapeutic agents
with polysulfated polysaccharides. When other therapeutic agents are employed in
combination with the compounds of the present invention they may be used for
example in amounts as noted in the Physician Desk Reference (PDR) or as otherwise

determined by one of ordinary skill in the art.

It will be understood, that the specific dose level and frequency of dosage for any
particular patient may be varied and will depend upon a variety of factors including the
activity of the specific compound employed, the metabolic stability and length of action
of that compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the particular
condition, and the host undergoing therapy. For example, it would be understood that
large animals require larger doses. For illustration, a large animal like a horse may

require a fixed dose of about 4000 mg.

The determination of the suitability of the treatment of the present disclosure or in other
words the diagnosis of bone marrow edema lesions (BMELs) may be established
through the use of MRI. For example, as decreased signal intensity on MRI T1-
weighted images and increased signal intensity on T2-weighted images. Clinical
outcomes may be measured by MRI assessment of BMELSs or by using patient reported
outcome measurement instruments. Patient reported pain and/or functional outcomes
may be used. These include the Numerical Rating Scale (NRS) for pain [33]; the
Lysholm Knee Score for function [34]; Knee injury and Osteoarthritis Outcome Score

(KOOS) [35] for pain, symptoms, function and quality of life; and the Oswestry
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Disability Index (also known as the Oswestry Low Back Pain Disability Questionnaire)

for low back function [36].

Preferably, pain in the mammal is reduced after treatment. Pain in the mammal is

preferably reduced as determined by the numerical rating scale (NRS).

Preferably, function in the mammal is improved after treatment. The function in the

mammal is preferably improved as determined by the Lysholm Knee Score.

Preferably, the presence of bone marrow edema lesions or Modic Endplate Changes is
reduced as assessed by magnetic resonance imaging. The presence of bone marrow
edema lesions or Modic Endplate Changes is preferably resolved as assessed by

magnetic resonance imaging.

Description of Figures

Figure 1. MRI images from patient study of Example 1.

Pre-treatment 3T proton density fat saturated images in coronal (A) and sagittal (B)
planes demonstrating medial compartment bone oedema, more pronounced on the tibial

side.

Axial (C) proton density fat saturated imaging at the level of suprapatellar pouch

demonstrating a knee effusion.

Corresponding post treatment 3T proton density fat saturated images in coronal (D) and
sagittal (E) planes demonstrating resolution of medial compartment bone oedema.
Axial (F) proton density fat saturated imaging at the level of suprapatellar pouch

demonstrating reduction in size of knee effusion.

Figure 2. Particular MRI images from case history of Example 2.
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A: Before PPS MRI showing BME Lesions (arrows) effusions in joint space (arrows),
High NRS Pain Score =8; Lysholm Score:37 (Poor knee function).

B: Post- PPS treatment MRI Showing complete resolution of BME lesions and

effusions; Pain NRS =0 (pain resolved); Lysholm Score:65 (Fair knee function)

Example Embodiments

1. A method for the treatment of bone marrow edema lesions as assessed by
magnetic resonance imaging (MRI) in a mammal, the method comprising the step of
administering a polysulfated polysaccharide or an acceptable salt thereof, to a mammal

in need of such treatment.

2. The method according to example embodiment 1, wherein the mammal is

suffering from osteoarthritis.

3. The method according to example embodiment 2, wherein the osteoarthritis is in
an articulating joint selected from the group consisting of: an ankle, a hip, knee,

shoulder, spine and wrist.

4. The method according to example embodiment 3, wherein the osteoarthritis is in
the knee.
5. The method according to example embodiment 3, wherein the osteoarthritis is in

the spine (spondylosis).

6. A method for the treatment of Modic Endplate Changes Type I in the spine of a
mammal as assessed by magnetic resonance imaging (MRI), the method comprising the
step of administering a polysulfated polysaccharide or an acceptable salt thereof, to a

mammal in need of such treatment.
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7. A method for the treatment of back pain in a mammal with Modic Endplate
Changes Type I in the spine as assessed by magnetic resonance imaging (MRI), the
method comprising the step of administering a polysulfated polysaccharide or an

acceptable salt thereof, to a mammal in need of such treatment.

8. The method according to example embodiment 7, wherein the back pain is
selected from the group consisting of: general back pain, acute back pain and chronic

back pain.

9. The method according to example embodiment 8, wherein the back pain is
selected from the group consisting of: general low back pain, acute low back pain and

chronic low back pain.

10.  The method according to example embodiment 9, wherein the back pain is

chronic low back pain.

11.  The method according to any one of example embodiments 6 to 10, wherein the
Modic Endplate Changes Type 1 in the spine are associated with Modic Endplate
Changes Type 11 in the spine.

12.  The method according to any one of example embodiments 6 to 10, wherein the
Modic Endplate Changes Type 1 in the spine are associated with Modic Endplate
Changes Type I1I in the spine.

13. A composition comprising a polysulfated polysaccharide or an acceptable salt
thereof, and an acceptable excipient for the treatment of bone marrow edema lesions as

assessed by magnetic resonance imaging (MRI) in a mammal.

14. A composition comprising a polysulfated polysaccharide or an acceptable salt
thereof, and an acceptable excipient for use in the treatment of bone marrow edema

lesions as assessed by magnetic resonance imaging (MRI) in a mammal.
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15.  The composition according to example embodiment 13 or example embodiment

14, wherein the mammal is suffering from osteoarthritis.

16. The composition according to example embodiment 15, wherein the
osteoarthritis is in an articulating joint selected from the group consisting of: an ankle, a

hip, knee, shoulder, spine and wrist.

17. The composition according to example embodiment 16, wherein the

osteoarthritis is in the knee.

18.  The composition according to example embodiment 16, wherein the

osteoarthritis is in the spine (spondylosis).

19. A composition comprising a polysulfated polysaccharide or an acceptable salt
thereof, and an acceptable excipient for the treatment of Modic Endplate Changes Type

I in the spine of a mammal as assessed by magnetic resonance imaging (MRI).

20. A composition comprising a polysulfated polysaccharide or an acceptable salt
thereof, and an acceptable excipient for use in the treatment of Modic Endplate
Changes Type I in the spine of a mammal as assessed by magnetic resonance imaging

(MRI).

21. A composition comprising a polysulfated polysaccharide or an acceptable salt
thereof, and an acceptable excipient for the treatment of back pain in a mammal with
Modic Endplate Changes Type I in the spine of a mammal as assessed by magnetic

resonance imaging (MRI).

22. A composition comprising a polysulfated polysaccharide or an acceptable salt

thereof, and an acceptable excipient for use in the treatment of back pain in a mammal
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with Modic Endplate Changes Type I in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).

23.  The composition according to example embodiment 21 or example embodiment
22, wherein the back pain mammal is selected from the group consisting of: general

back pain, acute back pain and chronic back pain.

24.  The composition according to example embodiment 23, wherein the back pain is
selected from the group consisting of: general low back pain, acute low back pain and

chronic low back pain.

25.  The composition according to example embodiment 24, wherein the back pain is

chronic low back pain.

26.  The composition according to any one of example embodiments 19 to 25,
wherein the Modic Endplate Changes Type I in the spine are associated with Modic
Endplate Changes Type II in the spine.

27.  The composition according to any one of example embodiments 19 to 25,
wherein the Modic Endplate Changes Type I in the spine are associated with Modic
Endplate Changes Type IIl in the spine.

28.  Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
treatment of bone marrow edema lesions as assessed by magnetic resonance imaging

(MRT) in a mammal.

29.  Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
manufacture of a medicament for the treatment of bone marrow edema lesions as

assessed by magnetic resonance imaging (MRI) in a mammal.
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30. The use according to example embodiment 28 or example embodiment 29,

wherein the mammal is suffering from osteoarthritis.

31.  The use according to example embodiment 30, wherein the osteoarthritis is in an
articulating joint selected from the group consisting of: an ankle, a hip, knee, shoulder,

spine and wrist.

32.  The use according to example embodiment 31, wherein the osteoarthritis is in

the knee.

33.  The use according to example embodiment 31, wherein the osteoarthritis is in

the spine (spondylosis).

34. Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
treatment of Modic Endplate Changes Type I in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).

35.  Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
manufacture of a medicament for the treatment of Modic Endplate Changes Type I in

the spine of a mammal as assessed by magnetic resonance imaging (MRI).

36. Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
treatment of back pain in a mammal with Modic Endplate Changes Type I in the spine

as assessed by magnetic resonance imaging (MRI).

37.  Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
manufacture of a medicament for the treatment of back pain in a mammal with Modic
Endplate Changes Type I in the spine as assessed by magnetic resonance imaging

(MRI).
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38.  The use according to example embodiment 36 or example embodiment 37,
wherein the back pain is selected from the group consisting of: general back pain, acute

back pain and chronic back pain.

39.  The use according to example embodiment 38, wherein the back pain is selected
from the group consisting of: general low back pain, acute low back pain and chronic

low back pain.

40.  The use according to example embodiment 39, wherein the back pain is chronic

low back pain.

41.  The use according to any one of example embodiments 34 to 40, wherein the
Modic Endplate Changes Type 1 in the spine are associated with Modic Endplate
Changes Type 11 in the spine.

42.  The use according to to any one of example embodiments 34 to 40, wherein the
Modic Endplate Changes Type 1 in the spine are associated with Modic Endplate
Changes Type I1I in the spine.

43, A method according to any one of example embodiments 1 to 12, a composition
according to any one of example embodiments 13 to 27 or a use according to any one
of example embodiments 28 to 42, wherein the polysulfated polysaccharide is selected
from the group consisting of high molecular weight heparin, low molecular weight
heparins, the heparan sulfates, pentosan polysulfate, chondroitin polysulfate, chitosan
polysulfate, dermatan polysulfate sulodexide, dextran sulfate, polysulfated inulin,
sulfated lactobionic acid amide, sulfated bis-aldonic acid amide, sucrose octasulfate,
fucoidan-1, fucoidan-2, sulfated beta-cyclodextrin, sulfated gamma-cyclodextrin and

small sulfated compounds including, but are not limited to, inositol hexasulfate.

44, The method, the composition or the use according to example embodiment 43,

wherein the polysulfated polysaccharide is selected from the group consisting of high
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molecular weight heparin, low molecular weight heparins, pentosan polysulfate (PPS),

chondroitin polysultfate and chitosan polysulfate.

45. The method, the composition or the use according to example embodiment 44,
wherein the pentosan polysulfate (PPS) is selected from the group consisting of’ the
sodium salt of pentosan polysulfate (NaPPS), the magnesium salt of pentosan
polysulfate (MgPPS), the calcium salt of pentosan polysulfate (CaPPS), and the zinc
salt of pentosan polysulfate (ZnPPS).

46.  The method, the composition or the use according to example embodiment 45,

wherein the pentosane polysulfate (PPS) is sodium pentosan polysulfate (NaPPS).

47.  The method, the composition or the use according to any one of example
embodiments 1 to 46, wherein treatment is by administering an injection by the intra-
muscular (IM) or sub-cutaneous (SC) routes, intra-venously (IV), intra-articularly (IA),

peri-articularly, topically, via suppositories or orally.

48.  The method, the composition or the use according to any one of example
embodiments 1 to 47, wherein treatment is by administering the polysulfated
polysaccharide or the acceptable salt thereof to the mammal in an effective amount of
about 1 to 2 mg/kg of the mammal per dose or an effective amount of about 25 mg, 50
mg, 75 mg, 100 mg, 125 mg, 150 mg, 175 mg, 200 mg, 225 mg, 250 mg, 275 mg, or

300 mg as a fixed dose.

49.  The method, the composition or the use according to any one of example
embodiments 1 to 48, wherein the treatment is by administering the polysulfated
polysaccharide or the acceptable salt thereof to the mammal in an effective amount of

about 2 mg/kg of the mammal per dose.

50. The method, the composition or the use according to any one of example

embodiments 47 to 49, wherein the treatment is by administering an injection.
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51.  The method, the composition or the use according to example embodiment 50,

wherein the treatment is by administering a sub-cutaneous (SC) injection

52. The method, the composition or the use according to any one of example
embodiments 47 to 51, wherein administration to a human is by dosing in a treatment

regimen once daily, twice weekly or thrice weekly.

53.  The method, the composition or the use according to example embodiment 52,

wherein administration to a human is by dosing in a treatment regimen twice weekly.

54.  The method, the composition or the use according to example embodiment 53,
wherein administration to a human is by dosing in a treatment regimen twice weekly

with a minimum of three days and a maximum of four days between dosages.

55. The method, the composition or the use according to example embodiment 54,
wherein administration to a human is by dosing in a treatment regimen twice weekly

for six weeks.

56.  The method, the composition or the use according to example embodiment 55,
wherein the total dose of polysulfated polysaccharide administered in the treatment

regimen is about 200 to 4000 mg.

57.  The method, the composition or the use according to any one of example

embodiments 1 to 56, wherein pain in the mammal is reduced after treatment.

58.  The method, the composition or the use according to example embodiment 57,
wherein pain in the mammal is reduced as determined by the numerical rating scale

(NRS).

59.  The method, the composition or the use according to any one of example

embodiments 1 to 58, wherein function in the mammal is improved after treatment.
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60.  The method, the composition or the use according to example embodiment 59,
wherein the function in the mammal is improved as determined by the Lysholm Knee

Score described herein.

61. The method, the composition or the use according to any one of example
embodiments 1 to 60, wherein the presence of bone marrow edema lesions or Modic

Endplate Changes is reduced as assessed by magnetic resonance imaging.

62.  The method, the composition or the use according to any one of example
embodiments 1 to 60, wherein the presence of bone marrow edema lesions or Modic

Endplate Changes is resolved as assessed by magnetic resonance imaging.

Examples

Example 1 - Effects of Pentosan on clinical outcomes of Pain and Function in Knee OA

patients (n=35) with Bone Marrow Edema Lesions on MRI

Example 1 is a study of the safety, tolerability and results of patients treated with PPS
with Bone Marrow Edema Lesions of the knee and suffering from osteoarthritis under
the TGA Special Access Scheme (B). (Approval to use PPS as treatment for the patient
was acquired from Department of Health - Therapeutic Goods Administration,
Australian Government under the Special Access Scheme (SAS) since the injectable

form of PPS was not a registered product in Australia.)

Patients in the study had the following characteristics:

* High pain scores

* Poor joint function scores

*  MRI evidence of Bone Marrow Edema Lesions and joint effusions
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+ Kellgren-Lawrence (3-4) OA subjects currently on waiting list for Total Knee

Replacement

» Failed standard of care including intraarticular injections of corticosteroids

The protocol featured the following:

5 » Treatment: 2x weekly intramuscular injections of 2mg/kg for 3 weeks (total of 6

injections)

+ All patients abstained from NSAIDs during PPS treatment

* The treatment outcomes of pain and function were scored before and after PPS

treatment 2 to 4 weeks after the last PPS injection

10 * All patients had baseline subchondral BML.

The clinical outcomes including BMEL assessment, and pain and functional outcome

scores are displayed in Table 1.

15
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Table 1. Clinical outcomes
Patient Before PPS After PPS Before | After | Before After
Initials /BMEL /BMEL PPS PPS/ PPS PPS
/NRS NRS | /Lysholm | /Lysholm
Pain Pain Knee Knee
Score Score
SM Severe (>20mm) | Moderate 4 0 54 73
(5mm to
60 yo, M 20mm)
PA Moderate (Smm | Minimal 4 1 73 90
to 20 <5
70 yo. M 0 20mm) (<5mm)
KO Moderate (Smm | Absent 8 0 37 70
20
J0yo F | 1©20mm)

10

15

Table 1 Legend

Numerical Rating Scale (NRS) [33] is an 11-point scale (0-10). A state of no pain is 0

and the worst pain imaginable is 10.

Lysholm Knee Score [34] is a total score of 0-100 is calculated based on the results

from the eight functional components of the Lysholm knee score scale: Limp (5

points), Support (5 points), Locking (15 points), Instability (25 points), Pain (25

points), Swelling (10 points), Stair climbing (10 points), and Squatting (5 points). The

total score is assigned to rating categories as follows: 95-100 indicates excellent, 84-94

indicates good, 65-83 indicates fair and <65 indicates poor function.

In conclusion, no adverse events were reported with the use of PPS under the TGA

SAS(B) in patients with Bone Marrow Edema Lesions and suffering from

osteoarthritis. Standard four week course of PPS resulted in a clearly visible BMEL

reduction and improved pain and mobility scores.

In further work, a dosing and treatment regimen of 2 mg/kg PPS or a fixed dose of
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150mg administered by slow SC injection twice-weekly for 6 weeks surprisingly gave
consistent BMEL volume reduction and, in some cases, complete reduction of the

BMEL as assessed by magnetic resonance imaging.

Example 2 —Case report of knee osteoarthritis

Summary

Example 2 details the case of a 70-year-old female with knee osteoarthritis presenting
with a high level of knee pain, scoring 8 on the Numerical Rating Scale-(NRS) and
functional limitation demonstrating a poor Lysholm Knee Score of 37. MRI scans of
the knee revealed subchondral bone marrow edema lesions (BML) in the medial
femoral condyle and medial tibial plateau. The patient was administered a course of
Pentosan Polysulphate Sodium (PPS) intramuscularly twice weekly for 3 weeks. MRI
scans two weeks post-treatment showed complete resolution of the bone marrow
oedema at the medial femoral condyle and medial tibial plateau with concomitant
recovery from pain (NRS pain score of 0) and a 43% improvement of the Lysholm
Knee score. In addition, marked reduction in joint effusion was also demonstrated in
the MRI scan post PPS therapy. These MRI interpretations corroborate improved

clinical outcome measures ensuing therapeutic intervention with PPS.

Case History

A 70-year-old female with a history of arthroscopic partial medial meniscectomy
presented with pain of the left knee and was on a waiting list for total knee
replacement. The patient had failed to respond to intra-articular cortisol administration
at the time of arthroscopy. The MRI scan of the knee, using a 3-Tesla proton density
turbo spin echo fat saturated acquisition with TR 3000ms TE 30ms, demonstrated
subchondral BML associated with focal full thickness chondral defects at the medial
aspects of the weight bearing medial femoral condyle and medial tibial plateau. The
BML in the medial femoral condyle measured 11 x 7 x 12 mm (CC x transverse x AP)

and the medial tibial plateau BML measured 8 x 8 x 8 mm (CC x transverse x AP). In
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addition, the axial proton density fat saturated imaging at the level of suprapatellar
pouch revealed a knee effusion and a recurrent tear of the medial meniscus (body and
posterior horn). Following patient consent, the pain assessment score was determined
by the Numerical Rating Scale (NRS) [33] and functional capacity assessments
included the Lysholm knee score [34]. At pre-treatment, the NRS pain score was severe
with a score of 8 out of 10 (range 0-10) and the Lysholm Knee score was 37 out of 100

reflecting poor knee function indicated by problems in stair climbing and limping.

Since PPS is a weak anticoagulant with 1/15 the activity of heparin, the patient was
monitored for safety by assessments of complete blood count, APTT, prothrombin
time, liver function tests, renal function tests and serum calcium prior to
commencement of treatment and periodically during treatment with Pentosan
Polysulphate Sodium. The clinical status of the patient was checked regularly

throughout the course of the treatment and follow up period.

After evaluation, the patient was considered suitable for treatment with Pentosan
Polysulphate Sodium (PPS) under the SAS. The patient was administered 2mg/kg of
PPS twice weekly with a minimum of three and a maximum of four days between
dosages. Six intramuscular injections were administered into the gluteus maximus
muscle over a three-week period (2 injections per week). Three follow-up
appointments were made at 10, 24 and 38 days post-completion of injection regimen.
Five weeks after the first PPS injection, MRI scans were performed using a 3-Tesla
proton density fat saturated SPACE acquisition with TR 1200ms TE 28ms which
demonstrated complete resolution of the bone marrow oedema lesions at the medial
femoral condyle and medial tibial plateau. In addition, the axial imaging at the level of
the suprapatellar pouch demonstrated reduction in the size of the knee effusion. The
patient displayed a marked functional improvement of 43% in the Lysholm Knee score
at four weeks after the last injection with a score of 65 and a robust recovery from pain
as annotated by the NRS pain score of 0. During PPS treatment and the follow up
period the patient did not present with any drug-related or nondrug-related adverse

response.
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Discussion and Conclusion

The MRI findings performed using a 3-Tesla proton density fat saturated SPACE
acquisition with TR 1200ms TE 28ms demonstrated that a course of intramuscular PPS
produced complete resolution of the BML at the medial femoral condyle and medial
tibial plateau (see Figure 1 and Figure 2). In addition, the axial imaging at the level of
the suprapatellar pouch demonstrated reduction in the size of the knee effusion. In

addition, the patient did not report any adverse effects due to PPS administration.

In conclusion, treatment by PPS showed complete reduction in BMELSs with no post-
treatment adverse events reported on follow-up with the patient. Results from this case
report implicate the potential effectiveness of PPS as a treatment option for BMELs and
and joint effusion, and also implicate the potential effectiveness of PPS as a treatment
option for BMELSs and joint effusion in patients suffering from arthritic conditions such

as osteoarthritis.

Example 3 — Case report for chronic low back pain

Patient GW, a 52 year-old male with chronic lower back pain with a Modic Type 1
pattern on MRI scan of the L.3/L.4 and L4/L5 region of the spine presented in the clinics
with unresolved persistent pain despite current standard of care treatment with Mobic,

an NSAID.

The baseline NRS pain score prior to treatment with PPS was a high score of 7. Patient
was administered by subcutaneous injection a dose of 150 mg fixed dose of PPS twice
weekly for 4 weeks (ie a total of 8 injections). The patient experienced improvement in
pain soon after the 4™ injection and after the 8" injection (completion of treatment)
experienced a significant reduction in pain recording a low NRS pain score of 2 to 3.
During the course of the treatment the patient had abstained from any other therapeutic
intervention. No adverse events were experienced during and after the course of PPS

treatment.
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In further work, a dosing and treatment regimen of 2 mg/kg PPS or a fixed dose of
150mg administered by slow SC injection twice-weekly for 6 weeks surprisingly gave

consistent resolution of Modic Changes as assessed by magnetic resonance imaging.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the above-described embodiments, without departing
from the broad general scope of the present disclosure. The present embodiments are,

therefore, to be considered in all respects as illustrative and not restrictive.
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CLAIMS

1. A method for the treatment of bone marrow edema lesions as assessed by
magnetic resonance imaging (MRI) in a mammal, the method comprising the step of
administering a polysulfated polysaccharide or an acceptable salt thereof, to a mammal

in need of such treatment.

2. Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
treatment of bone marrow edema lesions as assessed by magnetic resonance imaging

(MRI) in a mammal.

3. Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
manufacture of a medicament for the treatment of bone marrow edema lesions as

assessed by magnetic resonance imaging (MRI) in a mammal.

4. The method according to any one of claims 1 to 3, wherein the mammal is

suffering from osteoarthritis.

5. The method according to claim 4, wherein the osteoarthritis is in an articulating
joint selected from the group consisting of: an ankle, a hip, knee, shoulder, spine

(spondylosis) and wrist.

6. A method for the treatment of Modic Endplate Changes Type I in the spine of a
mammal as assessed by magnetic resonance imaging (MRI), the method comprising the
step of administering a polysulfated polysaccharide or an acceptable salt thereof, to a

mammal in need of such treatment.

7. Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
treatment of Modic Endplate Changes Type I in the spine of a mammal as assessed by

magnetic resonance imaging (MRI).
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8. Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
manufacture of a medicament for the treatment of Modic Endplate Changes Type I in

the spine of a mammal as assessed by magnetic resonance imaging (MRI).

9. A method for the treatment of back pain in a mammal with Modic Endplate
Changes Type I in the spine as assessed by magnetic resonance imaging (MRI), the
method comprising the step of administering a polysulfated polysaccharide or an

acceptable salt thereof, to a mammal in need of such treatment.

10.  Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
treatment of back pain in a mammal with Modic Endplate Changes Type I in the spine

as assessed by magnetic resonance imaging (MRI).

11.  Use of a polysulfated polysaccharide or an acceptable salt thereof, in the
manufacture of a medicament for the treatment of back pain in a mammal with Modic
Endplate Changes Type I in the spine as assessed by magnetic resonance imaging

(MRI).

12.  The method according to claim 9 or the use according to claim 10 or claim 11,
wherein the back pain is selected from the group consisting of: general back pain, acute
back pain, chronic back pain, general low back pain, acute low back pain and chronic

low back pain.

13.  The method according to claim 6 or claim 9 or the use according to any one of
claims 7, 8, 10 or 11, wherein the Modic Endplate Changes Type I in the spine are
associated with Modic Endplate Changes Type Il in the spine.

14.  The method according to claim 6 or claim 9 or the use according to any one of
claims 7, 8, 10 or 11, wherein the Modic Endplate Changes Type I in the spine are
associated with Modic Endplate Changes Type III in the spine.
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15.  The method or the use according to any one of claims 1 to 14, wherein the
polysulfated polysaccharide is selected from the group consisting of high molecular
weight heparin, low molecular weight heparins, the heparan sulfates, pentosan
polysulfate, chondroitin polysulfate, chitosan polysulfate, dermatan polysulfate
sulodexide, dextran sulfate, polysulfated inulin, sulfated lactobionic acid amide,
sulfated bis-aldonic acid amide, sucrose octasulfate, fucoidan-1, fucoidan-2, sulfated
beta-cyclodextrin, sulfated gamma-cyclodextrin and small sulfated compounds

including, but are not limited to, inositol hexasulfate.

16.  The method or the use according to claim 15, wherein the polysulfated
polysaccharide is selected from the group consisting of high molecular weight heparin,
low molecular weight heparins, pentosan polysulfate (PPS), chondroitin polysulfate and

chitosan polysulfate.

17.  The method or the use according to claim 16, wherein the pentosan polysulfate
(PPS) is selected from the group consisting of: the sodium salt of pentosan polysulfate
(NaPPS), the magnesium salt of pentosan polysulfate (MgPPS), the calcium salt of
pentosan polysulfate (CaPPS), and the zinc salt of pentosan polysulfate (ZnPPS).

18.  The method or the use according to claim 17, wherein the pentosan polysulfate

(PPS) is sodium pentosan polysulfate (NaPPS).

19.  The method or the use according to any one of claims 1 to 18, wherein treatment
is by administering an injection by the intra-muscular (IM) or sub-cutaneous (SC)
routes, intra-venously (IV), intra-articularly (IA), peri-articularly, topically, via

suppositories or orally.

20.  The method or the use according to any one of claims 1 to 19, wherein the
treatment is by administering the polysulfated polysaccharide or the acceptable salt
thereof to the mammal in an effective amount of about 1 to 2 mg/kg of the mammal per

dose or an effective amount of between about 25 mg and 300 mg as a fixed dose.
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21.  The method or the use according to any one of claims 1 to 20, wherein the
treatment is by administering the polysulfated polysaccharide or the acceptable salt
thereof to the mammal in an effective amount of about 2 mg/kg of the mammal per

dose or an effective amount of about 150 mg as a fixed dose.

22.  The method or the use according to any one of claims 19 to 21, wherein the

treatment is by administering a sub-cutaneous (SC) injection.

23.  The method or the use according to claim 22, wherein the SC injection is a slow

SC injection.

24, The method or the use according to any one of claims 19 to 23, wherein
administration to a human is by dosing in a treatment regimen once daily, twice weekly

or thrice weekly.

25.  The method or the use according to claim 24, wherein administration to a human

is by dosing in a treatment regimen twice weekly.

26.  The method or the use according to claim 25, wherein administration to a human
is by dosing in a treatment regimen twice weekly with a minimum of three days and a

maximum of four days between dosages.

27.  The method or the use according to claim 26, wherein administration to a human

is by dosing in a treatment regimen twice weekly for six weeks.

28.  The method or the use according to any one of claims 19 to 27, wherein the total
dose of polysulfated polysaccharide administered in the treatment regimen is about 200

to 4000 mg.

29.  The method or the use according to any one of claims 1 to 28, wherein pain in

the mammal is reduced after treatment.
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30.  The method or the use according to claim 29, wherein pain in the mammal is

reduced as determined by the numerical rating scale (NRS).

31.  The method or the use according to any one of claims 1 to 30, wherein function

in the mammal is improved after treatment.

32.  The method or the use according to claim 31, wherein the function in the

mammal is improved as determined by the Lysholm Knee Score described herein.

33.  The method or the use according to any one of claims 1 to 32, wherein the
presence of bone marrow edema lesions or Modic Endplate Changes is reduced as

assessed by magnetic resonance imaging.

34.  The method or the use according to any one of claims 1 to 32, wherein the
presence of bone marrow edema lesions or Modic Endplate Changes is resolved as

assessed by magnetic resonance imaging.
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