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Abstract of the Disclosure

The present invention relates to compositions of S-enantiomer enriched oxprenolol and their use in
treating cancer and treating or preventing, in cancer patients, cachexia, body weight loss, lean body
mass loss and adipose tissue loss, and improving quality of life and prolonging survival of cancer

patients.
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ENANTIOMERICALLY ENRICHED S-OXPRENOLOL COMPOSITIONS

FOR TREATING CANCER
[0001] Intentionally left blank
TECHNICAL FIELD
[0002] The present invention relates to oxprenolol compositions and uses thereof,

including uses of the oxprenolol compositions for treating cancer.
BACKGROUND

[0003] Cancer is the second most common cause of death in the United States,
exceeded only by heart disease. In the United States, cancer accounts for 1 of every 4 deaths.
With population growth and aging of the population, the number of new cancer patients is

expected to double to 2.6 million people by 2050.

[0004] Liver cancer is the sixth most common cancer worldwide and the third most
common cause of cancer-related death. The most common form of liver cancer is
hepatocellular carcinoma (HCC). HCC is often diagnosed late in the course of clinical
manifestation. As a result, only 10- 15% of patients are candidates for curative surgery. For
the majority of HCC patients, systemic chemotherapies or supportive therapies are the
mainstay treatment options. Nevertheless, most chemotherapeutic agents show limited
effectiveness and have not been able to improve patient survival. See ,e.g. Ma YT. Palmer

DH. Impact of restricting access to high-cost medications for hepatocellular carcinoma.

[Review] Expert Review of Pharmacoeconomics & Outcomes Research. 12(4):465-73, 2012 Aug,

[0005] Oxprenolol is a non-selective beta blocker which possesses some intrinsic

sympathomimetic activity. Because of its beta blocker function, oxprenolol has been used for

the treatment of various diseases such as angina pectoris, abnormal heart rhythms, and high blood

pressure. Oxprenolol is lipophilic and crosses the blood-brain barrier more easily than other more

water soluble beta blockers. As a result, oxprenolol is associated with a higher incidence of CNS-

related side effects than other beta blockers, but also has more central CNS modes of action.

[0006] Intentionally left blank

Date Regue/Date Received 2020-07-30



BRIEF SUMMARY OF THE INVENTION

{6067} The present invention relates to oxprenolol compositions and uses thereof,
including uses of the oxprenolol compositions for treating cancer.

{0008]  The presemt disclosure provides, in some embodiments,  method of treating
caneer in an individual having cancer. comprising administering (o the individual an effective
amuount of 1 composition comprising oxprenolol vr a pharmaceuticully seceptable salt
thereof, wherein the compusition is enantivmerically enriched for S-oxprenolol.

[ooe9} The present disclosure provides, in some embodiments, a method of
prolonging survival of an individual having cancer. comprising administering to the
individual an effective amount of a composition comprising oxprenclof or a pharmacevtically
scceplable sult thereof, wherein the compusition is enantiomerically enriched for S-
oxprenaiol.

10610}  The present disclosure provides, in some embodiments, 3 method of
preventing body weight loss of an individual having cancer, comprising administering to the
jidividual an effective amount of a composition comprising oxprenolot or # phannaceuticalty
acceptable salt thereof, wherein the composition is enantiomerically enriched lor §-
oxprenoiol,

[0011) The present disclosure provides. in some embodiments, 1 method of
improving quality of life in an individual baving cancer, comprising administering to the
individual an effective amount of & composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched tor 8-
oxprenolol.

[0012)  The present disclosure provides. in some emboditnents. a method of
preventing and/or treating loss of lean body mass in an individual having cascet, comprising
administering to the individual an effective amount of a composition compnising oxprenclof
(n3Nmnnmwmkd&ammpmhkxatmemoﬁwhmﬁndwcmnmmMnnk&wanwﬁw“y
eariched for S-oxprenoviol.

{hu13) The present disclosure provides, in some embodiments. a method of
preventing and/or treating muscle wasting in au individual having cancer, comprising

administering to the individual an effective amount of a composition comprising oxprenoclol

CA 2906196 2019-03-08
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or a pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
enriched for S-oxprenalol.

[0014] In some embodiments, the individual has no symptom of cancer cachexia. In
some embodiments, the individual has one or more symptoms of cancer cachexia. Tn some
embodiments, the composition comprises an enantiomeric excess of at least about 50% of S-
oxprenolol. Insome embodiments, the composition comprises an enantiomeric excess of at
least about 80% of S-oxprenclol. In some embodiments, the composition comprises an
enantivmeric excess of at least about 99% of S-oxprenolol. In some embodiments, the
composition comprises an enantiomeric excess of at least 99.9% of S-oxprenolol. In some
embodiments, the cancer is selected from the group consisting of liver cancer, lung cancer,
ovarian cancer, pancreatic cancer, melanoma, and brain cancer. In some embodiments, the
cancer is selected from (he group consisting of gasiric cancer, pancreatic cancer, lung,
esophageal, colorectal, head and neck cancer, and hematological malignancies. In some
embodiments, the cancer is liver cancer. In some embodiments, the cancer is an early stage
cancer. In some embodiments, the cancer is a late stage cancer. In some embodiments, the
composition is administered orally. In some embodiments, the amonnt of §-oxprenolol in the
composition is about 80 to about 160 myg daily. In some embodiments, the composition is
administered daily or twice daily.

[0015] The present disclosure provides, in some embodiments, a pharmaceutical
composition comprising oxprenolol or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier, wherein the composition is enantiomerically entiched for
S-oxprenolol.

[0016] In some embodiments, the composition comprises an enantiomeric excess of
at least about 50% of S-oxprenolol. Tn some embodiments, the composition comprises an
enantiometic excess of at least about 80% of S-oxpreaolol. In some embodiments, the
composition comprises an enantiomeric excess of at least about 99% of S-oxprenolol. In
some embodiments, the composition comprises an cnantiomeric excess of at least 99.9% of
S-oxprenolol.

[0017] The present disclosure provides, in some embodiments, a kit comprising a
pharmaccutical composition corprising oxprenolol or a pharmaceutically acceptable salt
thereof and a pharmaceutically acceptable carrier, wherein the composition 1s
enantiomerically enriched for S-oxprenolol and instruction for using the pharmaceutical

composition for reating cancer.



CA 02906196 2015-09-14

BRIEF DESCRIPTION OF THE FIGURES

[0018]  Figure 1 is a diagram of the design study involving the Yoshida Hepatoma
Model for cancer cachexia.

[0019] Figure 2 is a graph showing the percent survival of rat populations that were
administered with S-oxprenolol or R-oxprenolol. The saraple size in the population is
indicated by “n.” “HR” refers to hazard ratio. “CI" refers to confidence interval. “95% CI”
is 95% confidence interval. “p” refers to p-value.

[0020] Figure 3 is a graph showing the percent survival of rat populations that were
administered with S-oxprenolol or a racemic mixture of oxprenolol. The sample size in the
population is indicated by “n.” “HR” refers to hazard ratio. *CI" refers to confidence
interval. “95% CI” is 95% confidence interval.

[0021]  Figure 4 is a graph showing the percent survival of rat populutions that were
administered various dosages of the S-oxprenolol. Comparison to placebo (plac) and S-
pindolol was also provided. The sample size in the population is indicated by “n.” “HR”
refers to hazard ratio. “CI” refers to confidence interval. “95% CI”" is 95% confidence
interval. “p” refers to p-value.

[0022] Figure 5 is u graph showing the percent survival of rat populations that were
administered with various dosages of the S-oxprenolol. The sample size in the population is
indicated by “n.”" “HR” refers to hazard ratio. “CI” refers to confideuce interval. “95% CI”
18 95% confidence interval. “p” refers to p-value. r

[0023] Figure 6 1s a graph showing the percent survival of rat populations that were
administered with various dosages of the R-oxprenolol. The sumple size in the population is
indicated by “a0." “HR” refers to hazard ratio. “CI” refers to confidence interval. <95% CI”
is 95% confidence interval. “p” refers to p-value,

[0024] Figure 7 is a graph showing the change in body weight (in grams (“g™)) of rat
populations that were administered with S-oxprenolol or R-oxprenolol. Comparison to
placebo (P) was also provided. The two asterisks (**) indicate p<0.0). The three asterisks
(***) indicate p<0.001.

{0025] Figure 8 is a graph showing the change in body weight (in grams (“g™) of rat
populations that were administered with S-oxprenolol or a racemic mixture of oxprenolol.
The asterisk (*) indicates that the p value 1s less than 0.05 versus the placebo.

{0026] Figure 9 is a graph showing the change in body weight (in grams (“g™)) of rat
populations that were administered with various dosages of the S-oxprenolol. Comparison to

placebo and S-pindolol was also provided. The asterisk (*) indicates that the p value is less
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than 0.05. The two asterisks (*¥) indicate that the p value is less than 0.01. The three
asterisks (***) indicate that the p value is less than 0.001.

[0027]  Figure 10is a graph showing the change in lean body nass (in grams (“g™)) of
rat populations that were administered with various dosages of the S-oxprenolol or R-
oxprenulol. Comparison io placebo (P) was also provided. The asterisk (*) indicates P<0.0S
versus placebo. The two asterisks (**) indicate P<0.01 versus placebo.

[0028] Figure 11A is a graph showing the change in lean body mass (in grams (“g"))
of rat populations that were administered with S-oxprenolol or a racemic mixture of
oxprenolol. Figure 118 is a graph showing the change in lean body mass (in grams (“g™)) of
rat populations thal were administered with S-oxprenolol or a racemic mixture of oxprenolol
that includes the factor of days alive. The asterisk (*) indicates that the p value is less than
0.05. The two asterisks (¥*) indicaie that the p value is less than 0.01.

[0029]  Figure 12A is a graph showing the change in lean body mass (in grams (*g™)
of rat populations that were administered with various dosages of the S-oxprenolol, S-
pindolol, or placebo. Figure 12B is a graph showing the change in lean body mass (in grams
(*'g”)) of rat populations that were administered with S-oxprenolol, S-pindolol, or placebo
that includes the factor of days alive. The asterisk (*) indicates that the p value is tess than
0.05 versus placebo. The three asterisks (¥+%) indicate that the p value is Jess than 0.001
versus placebo.

[003G]  Figure [3A is a graph showing the muass of gastrocnemius muscle (in grams
per 100 grams of lean muscle mass (“g/100g lean™)) in rat populations that were administered
with various dosages of S-oxprenolol or R-oxprenclol at the endpoint of the study, Figure
138 is a graph showing the mass of tibialis anterior muscle (in grams per 100 grams of lean
muscle mass (“g/100g tean™)) in rat populations that were administered with vadous dosages
of S-oxprenolol or R-oxprenolol at the endpoint of the study. Figure 13C is a graph showing
the mass of soleus muscle (in grams per 100 grams of lean muscle mass (“g/100g lean™)) in
rat populations that were administered with various dosages of S-oxprenolol or R-oxprenolol
at the endpoint of the study. Figure 13D is a graph showing the mass of extensor digitorum
longus (EDL) muscle (in grams per 100 grams of lean muscle mass (“g/100g lean™) in rat
populations that were administered with various dosages of S-oxprenolol or R-oxprenolol at
the endpoint of the study. Comparison to placebo (P) and sham (S) was also provided. The
asterisk (*) indicates p<(.05 versns placebo. The two asterisks (**) indicate p<0.01 versus

placebo. The three asterisks (%**) indicate p<0.001 versus placebo.
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[0031] Figure 14 is a graph showing the change in fat mass (in grams (*g"")) of rat
populations that were administered with S-oxprenolol or R-oxprenolol. Comparison to
placebo (P) was also provided. The asterisk (*) indicates p<0.03 versus placebo. The two
asterisks (**} indicate p<0.01 versus placeho. The three asterisks (¥**) indicate
p<0.001versus placebo.

[0032) Figure 15A is a graph showing the weight of white adipose tissne (WAT) (in
grams (*g”)) of rat populations that were administered with various dosages of the $-
oxprenolol or R-oxprenolol at the endpoint of the stndy. Figure 15B is a graph showing the
weight of brown adipose tissue (WAT) (in grams (“g™)) of rat populations that were
administered with various dosages of the S-oxprenolol or R-oxprenolol at the endpoint of the
study. Comparison to placebo (P) and sham (S) was also provided. The asterisk (*) indicates
p<0.05 versus placebo. The two asterisks (**) indicate p<0.01 versus placebo. The three
asterisks (***) indicate p<0.001 versus placebo.

[0033] Figure 16A is a graph showing the weight of white adipose tissue (WAT) (in
grams (“g")) rat populations that were administered with S-oxprenolol or a racemic mixture
of oxprenolol at the endpoint of the study. Figure 16B is a graph showing the weight of
brown adipose tissue (WAT) (in grams (“g™)) rat populations that were administered with S-
oxprenolol or a racemic mixture of oxpresolol at the endpoint of the study. The asterisk (*)
indicates that the p value is fess than 0.05 versus placebo., The three asterisks (%) indicate
that the p value is less than €.001 versus placebo. The pound sign (#) indicates that the p
value is less than 0.05 versus 20 mg of S-oxprenolol.

[0034] Figure 17 is a graph showing the food intake (grams of food per 24 hours
(“2/24b™) of rat populations that were administered with various dosages of the S-oxprenolol
or R-oxprenolol. Comparison to placebo (P) and sham (S) was also provided. The two
asterisks (¥*) indicate p<0.01 versus placebo. The three asterisks (¥#%) indicate
p<0.00}versus placebo.

{0035] Figure 18 is a graph showing the locomotor activity (counts per 24 hours
(“counts/24h™) of rat populations that were administered with various dosages of S-
oxprenolol or R-oxprenolol. Comparison to placebo (P) and sham (S) was also provided.
The three asterisks (**%) indicate p<0.001 versus placebo.

[00361 Figure 19A 1s a graph showing the change in tumor volume (in mL) of rat
populations that were administered with dosages of the S-oxprenolol or R-oxprenolol.
Comparison 1o placebo (P) was also provided. Figure 19B is a graph showing the change in

total cells in a tumor of rat populations that were administered with various dosages of the S-
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oxprenolol or R-oxprenolol. Comparison to placebo (P} was also provided. The asterisk (¥)
indicates p<0.05 versus placcho.

[0037]  Figure 20 is a graph showing effect of S-oxprenolol, R-oxprenolol. or
doxorubicin on tumor growth, as assessed by BrdU incorporation and XTT assay with
various tumor cells, namely, Kelly (neuroblastoma), Hela-93 (cervix carcinoma), and B16V
(melanoma).

[0638] Figure 21 is a graph showing the change in body weight (in grams (“g")) of rat
populations that were administered with 75% S-oxprenolol (s0x)/25% R-oxprenolol (rox);
90% S-oxprenolol (sox }/10% R-oxprenolof (rox): or placebo. The asterisk (*) indicates
p<0.05 versus placebo.

[0039] Figure 22A is a graph showing the change in lean body mass (in grams (“g”))
of rat populations that were administered with 75% S-oxprenolol (s0x)/25% R-oxprenolol
(rox); 9% S-oxprenolol (sox)/10% R-oxprenolol (rox); or placebo. Figure 22B is a graph
showing the change in fat mass (in grams (“g™)) of rat populations that were administered
with 75% S-oxprenolol (s0x)/25% R-oxprenolol (rox); 90% S-oxprenolol (sox)/10% R-
oxprenolol (rox); or placebo.

{0046] Figure 23 15 a graph showing the mass of heart muscle (in grams (“g”)) in rat
populations that were administered with 75% S-oxprenolol (s0x)/25% R-oxprenolol (rox);
90% S-oxprenclol (sox)/10% R-oxprenolol {rox); or placebo at the endpoint of the swdy.

[0041]  Figure 24 is a graph showing the weight of brown adipose tissue (BAT) (in
grams (*g”)) of rat populations that were administered with 75% S-oxprenclol (s0x)/25% R-
oxprenvlol (rox); 90% S-oxprenolo] (sox)/10% R-oxprenolol (rox): or placebo at the endpoint
of the study. The asterisk (*) indicates p<0.05 versus placebo.

[0042]  Figure 25 is a graph showing the mass of tibialis anterior muscle (in
milligrans (“mg”)} in rat populations that were administered with75% S-oxprenolol
(s0x}/25% R-oxprenolol (rox); 90% S-oxprenclol (s0x)/10% R-oxprenolol (rox); or placebo

at the endpoint of the study.

DETAILED DESCRIPTION OF THE INVENTION
[0043] The present invention provides use of enantiomerically enriched S-
oxoprenolol compositions for achieving beneficial results in individuals having cancer, such
as treating cancer, prolonging survival, preventing body weight loss, improving quality of
life, and/or trealing muscle wasting. Also provided are pharmaceutical compositions of

oxprenolol that are enantiomerically enriched S-oxprenclol.
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[0044] ‘The present invention is based on the surprising finding that S-oxprenolol, but
not R-oxprenolol, significantly improved survival in animals having cancer in an experiment
in which an animal was inoculated with hepatocellular carcinoma cells in a well-estublished
animal model of hepatoma. We have further surprisingly found that S-oxprenolol, when
provided in isolated forms in the same amount as thuse present in a racemic misture, had an
improved effect on survival than the racemic mixwre. Similar differential effects of the
compositions were observed on preventing body weight loss, preserving lean body mass, and
preserving fat mass in the animals. These differential effects suggest that S-oxprenolol is
significantly more effective in treating cancer and prolonging survival when present in an
enantomerically enriched composition. Moreover, these differential effects were observed in
animals not developing cachexia or before the animals develop cachexia, suggesting that at
Ieast some of the effect of S-oxprenolol we observed may be independent and/or in addition
to its effect on treating cancer cachexia.

[0045]  Thus, the present invention in one aspect provides methods of treating cancer,
prolonging survival, preventing body weight loss, preventing and/or (reating muscle wasting,
or improving quality of life in an individual having cancer, comprising administering to the
individual an effective amount of a composition coruprising oxprenolol or a pharmaceutically
acceptable sali thereaf, wherein the composition is enantiomerically enriched for S-
oxprenolol.

[0046] [n another aspect. there are provided pharmaceutical compositions comprising
oxprenolol or a pharmaceutically acceptable salt thereof and a phannaceutically acceptable
carrier, wherein the composition is enantiomerically enriched for S-oxprenclol.

[0047] Also provided are kits, unil dosages, medicines, and articles of manufacture

that are useful for methods described herein.

Definitions

{0048] The lollowing terms have the following meanings unless otherwise indicated.
Any undefined terms have their art recognized meanings.

f0049]  As used herein, “ireatment” or “treating” is an approach for obtaining
beneficial or desired results including clinical results. For purposes of this invention,
beneficial or desired clinical results include, but are not limited to, one or more of the
following: alleviating one or more symptoms resulting from the disease, delay or slowing the
progression of the disease. ameliorating the disease state. delaying the progression of the

disease, increasing the quality of life, and/or prolonging survival. Also encompassed by
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“treatment” is a reduction of pathological consequence of cancer. The methods of the
invention coatemplate any one or more of these aspects of treatment.

[0050] The term “individual” refers 1o 1 mammal and includes. but is not limited to,
human, bovine, horse, feline, canine, rodent, or primate. In some embodiments, the
individual is a buman.

[0051] As used herein, an “at risk” individual is an individual who is at risk of
developing cancer. An individual “at risk” may or may not have detectable disease, and may
or may not have displayed detectable disease prior to the treatment methods described herein.
“At risk” denotes that an individeal has one or more so-called risk factors, which are
measurable parameters that correlate with development of cancer. An individual having one
or morc of these risk factors has a higher probability of developing cancer than an individual
without these risk: factor(s).

{0052) “Adjuvant setting” refers to a clinical setting in which an individual has had a
history of cancer, and generally (but not necessarily) been responsive to therapy, which
includes, but is not limited to, surgery (e.g., surgery resection), radiotherapy, and
chemotherapy. However, because of their history of cancer, these individuals are considered
at risk of development of the disease. Treatment or adminisiration in the “adjuvant setting”
refers to 3 subsequent made of treatment. The degree of sk (e.g.. when an individual in the
adjuvant setting is considered as “high risk”™ or “low risk”) depends upon several faciors,
most useally the extent of disease when first treated.

[0053] “Neoadjuvant setting” refers to a clinical setting in which the method is
carried out before the primary/definitive therapy.

[0054] As used herein, “delaying” the developmeat of a disease means to defer,
hinder, stow, retard, stubilize, and/or postpone development of the disease. This delay can be
of varying lengths of time, depending on the history of the disease and/or individual being
treated. As is evident to one skilled in the art, a sufficient or significant delay can, in effect,
encompass prevention, in that the individual does not develop the disease. A method that
“delays” development of a disease is a method that reduces probability of disease
development in a given time frame and/or reduces the extent of the disease in a given time
framne. when compared to not using the method. Such comparisons are typically hased on
clinical studies, using a statistically significant number of subjects.

[0055] As used herein, by “combination therapy” is meant that a first agent be
administered in conjunction with another agent. “In conjunction with™ refers 1o

administration of one treatment modality in addition to another treatment modality, such as
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administration of a nanoparticle composition described herein in addition to administration of
the other agent to the same individual. As such, “in conjunction with” refers to administration
of one treatment modality before, during. or after delivery of the other treatment modatity to
the individual. Such combinations arc considered to be part of a single ireatment regimen or
regime,

[0056] The term “effective amount™ used herein refers to an amount of a compound
or composition sufficient to treat a specified disorder, condition or disease such as ameliorate.,
palliate, lessen. and/or delay one or more of its symptoms.

{0057] The term “simultancous administration,” as used herein, means that a first
therapy and second therapy in a combination therapy are administered with a time separation
of no more than about 15 minutes, such as no more than about any of 10, 5, or 1 minutes.
When the first and second therapies are administered simullaneousty, the first and second
therapies may be contained in the same composition (e.g., a composition comprising both a
first and second therapy) or in separate compositions (e.g., a first therapy in one composition
and a second therapy is contained in another composition).

[0058] As used herein, the term “sequential administration™ means that the first
therapy and second therapy in a combination therapy are administered with a time separation
of more than about 15 minutes, such as more than about any of 20, 30, 40, 50, 60, or more
minutes. Either the first therapy or the second therapy may be administered first. The first and
second therapies are contained in separate compositions, which may be contained in the same
or different packages or kits.

[0059] As used herein, the term “concurrent administration” means that the
adminisiration of the first therapy and that of a second therapy in a combination therapy
overlap with each other.

[0ti60] As used herein, by “pharmaceutically acceptable” or “pharmacologically
compatible” is meant a material that is not biologically or otherwise undesirable, ¢.g., the
material may be incorporated into a pharmaceutical composition administered to an
individual without causing any significant undesirable biological effects or interacting in a
deleterious manner with any of the other components of the composition in which it is
contained. Pharmaceutically acceptable carriers or excipients have preferably met the
required standards of toxicological and manufacturing testing andfor are included on the
Inactive Ingredient Guide prepared by the U.S. Food and Drug administration.

[0061} "Progression free survival” (PFS) indicates the length of time during and aflter

treatment that the cancer does not grow. Progression-free survival includes the amount of
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time individuals have experieaced a complete response or a partial response, as well as the
amount of time individuals have experienced stable disease. In some embodiments, an
individual has a capacity 10 accep! more courses of chemotherapy during progression [ree
survival,

[0062] The term “isomers” ur “sterecisomers” refers to compounds which have
identical chemical constitution, but differ with regard to the arrangement of the atoms or
groups in space.

{00631 The term ““chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term “achiral” refers to molecules
which are superimposable on their mirror image partner.

[0064] The term “diastercomers™ refers to stereoisomers with two or more centers of
dissymmetry and whose molecules are not mirror images of one another.

{0065] The term “enantiomers” refers to two stereoisomers of a compound which are
non-superimposable mirror images of one another. An equimolar mixwure of two
enantiomers is called a “racemic mixture™ or a “racemate.”

10066] The ierm “enantiomerically enriched™ means that to the racemic mixture (i.e.,
50/50 mixture of the enantiomers) has been purified such that one enantiomer comprises
greater than 50% of the total amount of the compound present. Fot example, a composition
that is enantiomerically enriched for S-oxprenolol is 2 composition wherein more than 50%
of the oxprenolo} is the S-enantiomer of oxprenotol (S-oxprenolol).

[0067] The degree of enantiomeric enrichment of a composition can be determined by
“enantiomeric excess,” or ee. “Enantiomeric excess” represents the percentage of one
enantiomer in ¢xcess of the other. For instance, a composition having a8 75:25 mixtuce of S-
oxprenolol and R-oxprenofol has 2 75 - 25 = 50 % ee, while a 50:50 racemic mixture has a 50
- 50 =0 % ee. The value of ec will he a number from O to 100, 0 being racemic and 100
being pure, single enastiomer.

[00638] The term “pharmaceutically acceptable salt” means a salt which is acceptable
for administration to a subject, such as a mammal (salts with counterions having acceptable
mammalian safety for a given dosage regime). Such salts can be derived from
pharmaccutically acceptable inorganic or organic bases and from pharmaceutically
acceptable inorganic or organic acids. “Pharmaceutically acceptable salt” refers to
pharmaceutically acceptable salts of a compound, which salts are derived from a variety of
organic and inorganic counter ions well known in the art and include, by way of example

only, sodium, potassium, calcivm, magnesium, ammonium, tetraalkylammomnium, and the

PAR
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like; and when the molecule contains a basic functionality. salts of organic or inorganic acids,
such as hydrochloride, hydrobromide, formate, tartrate, hesylate, mesylate, acetate, maleate,
oxalate, and the like.

{0069] The term “salt therzol™ means a compound formed when a proton of an acid is
replaced by a cation, such as a metal cation or an organic cation and the like, Where
applicable, the salt is a pharmaceutically acceptable salt, although this is not required for salts
of intermediate compounds that are not intended for administration to the subject. By way of
example, salts of the present compounds include those wherein the compound is protonated
by an inorganic or organic acid to form a cation, with the conjugate basc of the inorganic or
organic acid as the anionic component of the salt.

[0076] “Solvate" refers to a complex formed by combination of solvent molecules
with molecules or ions of the solute. The solvent can be an organic compound, an inorganic
compound, or a mixture of both. Some examples of solvents include, but are not limited to,
methanol, N N-dimethylformamide, tetrahydrofuran, dimethylsulfoxide, and water. When the
solvent is water, the solvate formed is a hydrate.

10071] It will be appreciated that the term “or a salt or solvate thereof™ is intended to
include all penmutations of salts and solvates, such as a solvate of a pharmaceutically
acceptable salt of a subject compound.

[0072] As used herein, “in conjunction with” refers to administration of one treatment
modality in addilion to another treatment modality. As such, “in conjunction with™ refers to
administration of one treatment modality before, during or after administration of the other
treatment mwodality to the individual.

{0073] As used herein and in the appended claims, the singular forms “a,” *an,” and
“the” include plural reference unless the context clearly indicates otherwise.

{0074] Reference to “about” 2 value or pacameter herein includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description
referring to “about X7 includes description of “X.”

f0075]  Itis understood that aspects and variations of the invention described herein

include “consisting™ and/or “consisting esseatially of” aspects and variations.

Methods of the present invention

{00761 The present application in one aspect provides methods of treating cancer. In
some embodiments, there is provided a method of treating cancer in an individual having

cancer. comprising administering to the individual an effective amount of a composition
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comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the composition
is enantiomerically entiched for S-oxprenolol. In some embodiments, the composition
comprises an enantiomeric excess of at least about 10% (such as at least about any one of
20%, 30%, 40%, 50%, 60%, T0%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, or 99.9%) of S-
oxprenolol. In some embodiments, there is provided a method of treating cancer in an
individual having cancer, comprising administering to the individual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the
composition comprises an enantiomeric excess of at least about 99% (for example at least
about 99.9%) of S-oxprenolol. In some erabodiments, there is provided a method of treating
cancer in an individual having cancer, comprising administering (such as orally
administering) to the individnal an effective amount of a composition comprising oxprenolol
or a pharmaceutically acceptable salt thereof, wherein the composition is erantiomerically
enriched for S-oxprenolol (for example comprises an enantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenalol in the composition is about 50 mg
to about 160 mg (such as about 80 to about 160 mg, for example about 100 mg to ubout 160
mg). In some embodiments, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia.

[0977] In some embodiments, there is provided a method of prolonging survival of an
individual havisg cancer, comprising administering to the indivicdual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable salt thereof, whereia the
composition is enantiomerically eariched for S-oxprenolol. In some embodiments, the
Composition comprises an enantiomeric excess of at least about 10% (such as at least about
any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%. 96%, 97%. 98%, or 99%) of
S-oxprenolol. In some embodiments, there is provided & method of prolonging survival in un
individual having cancer, comprising administering to the individual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the
composition comprises an enantiomeric excess of at least about 99% (for example at icast
about 99.9%) of S-oxprenolel. In some embodiments, there is provided a method of
prolonging survival of an individual having cancer, comprising administering (such as orally
administering) to the individual an effective amount of a composition comprising oxprenolol
or 4 pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
entiched for S-oxprenolol (for example comprises an enantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenclol in the composition is about 50 mg

to about 160 mg (such as about 80 to about 160 mg, for example about 100 mg to about 160
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mg). In some embodiments, the tndividual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia. In some
embodiments, the method prolongs the survival of the individual by at least any of 1, 2, 3, 4,
3,6,7,8,9,10, 11, 12, 18, or 24 months.

[0078] In sume erubodiments, there is provided a method of prolonging progression-
frec survival in an individual with cancer, comprising administering to the individual an
effective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments, the composition comprises an cnantiomeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%,
98%, or 99%) of S-oxprenolol. Tn some embodiments, there is provided method of
prolonging progression-free survival in an individual with cancer, comprising administering
to the individual an effective amount of a composition comprising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the composition comprises an enantiomeric
excess of at least about 99% (for example at least about 99.9%) of S-oxprenolol. In some
embodiments, there is provided method of prolonging progression-free survival in an
individual with cancer, comprising administering (such as orally administering) to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enanliomerically enriched for S-
oxprenalol (for example coruprises an enantiomeric excess of at least about 99% of S-
oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg to about
160 mg (such as about B0 to about 160 mg, for example about 100 mg to about 160 mg). In
some embaodiments, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or ruore symptoms of cancer cachexia,

{00791 In some embodiments, there is provided a method of alleviating one or more
symptoms associated with cancer in an individual, compsising adminisiering to the individual
an etfective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. In some embodiments, the composition comprises an enantiomeric excess of at
least about 10% (such as at least about any one of 20%, 30%, 40%, 50%, 60%. 70%, 80%,
0%, 95%, 96%, 97%, 98%. or 99%) of S-vxprenolol. In some embodiments, there is
provided method of alleviating one or more symptoms associated with cancer in an
individual, comprising administering to the individual an effective amount of a composition

comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the composition
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comprises an enantiomeric excess of at least about 99% (for example at least about 99.9%) of
S-oxprenolol. In some embodiments, there is provided method of alleviating one or more
symptoms associated with cancer in an individual, comprising administering (such as orally
administering) to the individual an effective amount of a composition comprising oxprenolol
or a pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
enriched for S-oxprenolol (for example comprises an enantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg
to about 160 mg (such as about 80 to about 160 mg, for example about 100 mg to about 160
mg). In some embodiments, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia.

{0080] In some embodiments, there is provided a method of preventing body weight
loss of an individual having cancer, comprising administering to the individual an effective
amount of a composition comprising oxprenolol or a pharmacentically acceptable salt
thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments. the composition comprises an enantiomeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%. 96%, 97%.
98%, or 99%) of S-oxprenclol. In some embodiments, there is provided a method of
preventing body weight loss in an individual having cancer, comprising administering to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceuically
acceplable salt theteof, wherein the composition comprises an enastiomeric excess of at Jeast
ahout 99% (for example at least about 99.9%) of S-oxprenolol. In some embodiments, there
ts provided a method of preventing body weight {oss of an individual having cancer,
comprising administering (such as orally administering} to the individual an effective amount
of & composition comprising oxprenolol or a pharmaceutically acceptable salt thereof,
wherein the composition is enantiomerically enriched for S-oxprenolol (for example
comprises an enantiomeric excess of at least ubout 99% of S-oxprenolol), wherein the amount
of' S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to
about 160 mg, for example about 100 mg to about 160 mg). In some cmbodiments, the
individual has no symptom of cancer cachexia. In some embodiments, the individual has one
or more symptoms of cancer cachexia. In some embodiments, the body weight loss of the
individual is no more than about 209% (for example no more than about any of 15%, 14%,
13%, 12%, V1%, 10%, 9%, 8%. 7%, 6%. or S%) of the total body weight. In some

embodiments, the body weight loss is evaluated over u time period of aboul | month to 2
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years (for example, about 1,2,3,4,5,6,7,8.9, 10, [1, 12,13, 14, 15, 16, 17. 18, 19. 20 .
21,22, 23, or 24 months).

[0081]  Insome embodiments, there is provided a method of treating muscle wasting
in an individual having cancer, comprising administering to the individual an effective
amount of a composition comprising oxprenolo} or a pharmaceutically ucceptable salt
thereof, wherein the composition is enantiomerically enriched for S-oxprenclol. Tn some
embodiments, the composition comprises an enantiomeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%. 80%, 90%. 95%, 96%, 97%,
98%, or 99%) of S-oxprenolol. In some embodiments, there is provided a method of treating
muscle wasting in an individual having cancer, comprising administering to the individual an
cffective amount of a composition comprising oxprenolol or a pharmaceuticall y acceptable
salt thereof, wherein the composition comprises an enantiomeric excess of at least about 99%
(for example at least about 99.9%) of S-oxprenolol. In some embodiments, there is provided
amethod of treating muscle wasting in an individual having cancer, comprising
administering (such as orally administering) to the individual an effective amount of 3
composition comprising oxprenolol or a pharmaceutically accepiable salt thereof, whereia the
composition is enuntiomerically enriched for S-oxprenolol (for example comprises an
enantioreric excess of ar least about 99% of S-oxprenolol), wherein the amount of S-
oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to about 160
mg. for example about 100 mg to about 160 mp). In some embodiments, the individual has
no symptom of cancer cachexia. In some embodiments, the individual has one or more
symptoms of cancer cachexia. In some embodiments, the muscle wasting of the individual is
no racee than about 10% (for example no more than about any of 10%, 9%, 8%, 7%. G%, or
5%} of the total body weight, In some embodiments. the muscle wasting is evaluated over a
time period of about 1 month to 2 years (for example, about 1, 2, 3,4, 5,6.7, 8, 9, 10, 1 I, 12,
13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, or 24 months). In some embodiments, the method
teads to a reduction of muscle wasting, i.e.. a slow-down of muscle Ioss in the individual. In
some embodiments, the method leads to a reversal of muscle wastin g, 1., an increase in
muscle weight in the individual.

[0082] In some embodiments, there is provided a method of preventing loss of lean
body mass in an individual having cancer, comprising administering (o the individual an
effective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
sall thereof, wherein the composition is enantiomerically enriched {or S-oxprenolol. In some

embodiments, there is provided a method of treating loss of lean body mass in an individual
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having cancer, comprising administering to the individual an effective amount of a
compasition comprising oxprenclol or a phaninaceutically acceptable salt thereof, wherein the
composition is enantiomerically enriched for S-oxprenolol. In some embodiments. the
conTposition comprises an enantiomeric excess of at least about 10% (such as at least about
any one of 20%, 30%, 40%, 50%. 60%, 70%, 80%, 90%. 95%, 96%. 97%, 98%, or 99%) of
S-oxprenolol. In some embodiments, there is provided a method of preventing loss of lean
body mass in an individual having cancer, comprising administering to the individual an
effective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, whesein the composition comprises an enantiomeric excess of at lcast about 99%
(for example al least about 99.9%) of S-oxprenolol. In some embodiments, there is provided
a method of preventing loss of lean body mass in an individual having cancer, comprising
administering (such as orally administering) to the individual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable salr thereof, wherein the
composition is enantiomerically enriched for S-oxprenolol (for example comprises an
enantiomeric excess of at least about 99% of S-oxprenolol), wherein the amount of §-
oxprenclol ia the composition is about 30 mg to about 160 mg (such as about 80 1o about 160
myg, for example about 100 mg to about 160 mg). In some embodiments, the individual has
no symptom of cancer cachexia. In some embodiments, the individual has one or more
symptoms of cancer cachexia. In some embodirpents, the Joss of lean body mass of the
individual is no more than about 10% (for exarple no more than about any of 10%, 9%, 8%,
%, 6%, or 5%) of the total lean body mass. In some embodiments, the loss of lean body
mass is evajuated over a time period of about 1 month to 2 years (for example. about 1, 2. 3.
4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 months).

[0083]  In some embodiments, there is provided a method of preventing (or delaying)
development of cancer cachexia in an individual baving cancer, comprising administering to
the individual an effective amount of a compasition comprising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
cenriched for S-oxprenolol. In some embodiments, the composition comprises an
enantiomeric excess of at least about 10% (such as at least about any one of 20%. 30%, 40%,
50%, 60%, 70%, 80%. 90%, 95%. 96%, 97%, 98%, or 99%) of S-oxprenolol. In some
embodiments, there is provided u method of preventing (or delaying) the development of
cachexia in an individual having cancer, comprising administering to the individual an
effective amount of a composition comprising oxprenolol or a pharmaceutically accepiable

salt thereof, wherein the composition comprises an enantiomeric excess of at least about 99%
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(for example at least about 99.9%;) of S-oxprenolol. In some embodiments. there is provided
a methad of preventing (or delaying) development of cancer cachexia in an individual having
cancer, comprising administering (such as orally administering) to the individual an effective
amount of a composition comprising oxprenolol or a pharmaceutically acceptable salt
thereof, wherein the compuosition is enantiomerically enriched lor S-oxprenolo! (for example
comprises an enantiomeric excess of at least about 99% of S-oxprenolot), wherein the amount
of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to
about 160 mg, for example about 100 mg to about 160 mg). In some embodiments, the
individual has no symptor of cancer cachexia. In some embodiments, the individual has one
or more symptoms of cancer cachexia.

[0084] In some embodiments, the individual has one or more symptoms of cancer
cachexia, and the methods described herein can be vsed to improve one or more symptoms of
cancer cachexia in an individual having cancer, the methods comprising administering to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. Insome embodiments, the composition comprises an enantiomeric excess of at
least about 10%: (such as at feast about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 96%, 97%, 987, or 99%) of S-oxprenolol. In some ecmbodiments, there is
provided a method of improving one or more symptoms of cancer cachexia in an individual
having cancer, comprising administering (o the individual an effective amount of a
composition comprising oxprenolol or a pbarmaceutically acceptable salt thereof, wherein the
corposition comprises an enantiomeric excess of at least about 99% (for example at least
about 99.9%) of S-oxprenolol. In some embodiments, there is provided a method of a
method of improving one or more symptoms of cancer cachexia in an individual having
cancer. comprising administering (such as orally administering) to the individual an cffective
amount of a composition comprising oxprenolol or a pharmaceutically acceptable salt
thereof, wherein the composition is enantiomerically enriched for S-oxprenolol (for example
comprises an enantiomeric excess of at least about 99% of S-oxprenolol), wherein the amount
of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to
about 160 mg, for example about 100 mg to about 160 mg). Tn some embodiments, the
individual has no symptom of cancer cachexia. In some embodiments, the individual has one
or more symptoms of cancer cachexia. Symptoms of cachexia include but not limited to, loss

of weight, muscle atrophy, fatigue, weakness, and loss of appetite.
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[0085] In some embodiments, there is provided a method of improving quality of life
of an individual having cancer, comprising administering to the individual an effective
amount of 4 composition comprising oxprenolol or a pharmaceutically acceptable salt
thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments, the composition comprises an eaantiomeric excess of at least abouat 10% (such
as at least about any one of 20%, 30%. 40%, 50%, 60%, 70%, 80%, 90%, 95%. 96%. 97%,
98%, or 99%) of S-oxprenolol. In some embodiments, there is provided a method of
improving quality of life of an individual having cancer, comprising administering to the
individual an effective amount of a composition comprisiag oxprenolol or a pharmaceutically
acceptable sall thereof, wherein the composition comprises an enantiomeric excess of at least
about 99% (for example at least about 99.9%) of S-oxprenolol. In sone embodiments, there
is pravided a method of improving quality of life of an individual having cancer, comprising
administering (such as orally administering) to the individual an effective amount of a
composition comprising oxprenolol or a pharmacestically acceptable salt thereof, wherein the
composition is enantiomerically enriched for S-oxprenolol (for example comprises an
enantiomeric excess of at least about 99% of S-oxprenclol), wherein the amount of S-
oxprenolol in the composition is about 50 mg to about 160 mg (such as abowt 80 to about 160
mg, for example about 100 mg to about 160 rog). Ta some embodiments, the individual has
no symplom of cancer cachexia. In some embodimeats, the individual has one or more
symptoms of cancer cachexia. Improvement of quality of life can be assessed, for example,
by food intake, locomotive activity, improvement in fatigue or dyspaea or global patient
assessment scores. in short physical performance batery scores. in standard clinical
assessment of functional performance, muscle strength, gait speed, leg strength and hand gep
strength, 6-minute corridor walk test, stair climbing power, ability to tolerate courses of
chemotherapy and other tests or fnstruments or questionnaires assessing patient quality of
life.

{0086] In some embodiments, there is provided a method of increasing food intake of
an individual having caocer, comprising administering to the individual an effective amount
of a compesition comprising oxprenolol or a pharmaceutically acceptable salt thereof,
wherein the composition is enantiomerically eariched for S-oxprenolol. In some
embodiments, the composition comprises an enantiomeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, Y6%, 97%,
98%, or 99%) of S-oxprenolol. Tn some embodiments, there is provided a method of

increasing food intake of an individual having cancer, comprising administering to the
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individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition comprises an enantiomeric excess of at least
about 99% (for example at least about 99.9%) of S-oxprenolol. In some embodiments, there
is provided a method of increasing food intake of an individual having cancer, comprising
admoinistering (such as orally administering) to the individual an effective amount of &
coniposition comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the
composition is enantiomerically enriched for S-oxprenolol (for example comprises an
enantiomeric excess of at feast about 99% of S-oxprenolol), wherein the amount of S-
oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to about 160
mg, for example about 100 mg to about 160 mg). In some embodiments, the individual has
no symptom of cancer cachexia. In some embodiments, the individual has one or more
symptoms of cancer cachexia.

{0087] In some embodiments, there is provided a method of increasing locomotive
activity of an individual baving cancer, comprising administering to the individoal an
effective amount of & composition comprising oxprenolot or 4 pharmaceutically acceptable
salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments. the composition comprises an enantionmeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%:., 70%, 80%. 90%., 95%, 96%, 97%.
98%, or 99%) of S-oxprenolol. in some embodiments, there is provided a method of
increasing locomotive activity of an individual having cancer, cornptsing administering to
the individual an effective amount of i composition comprising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the composition comprises an enantiomeric
excess of at least about 99% (for exarple at least about 99.9%) of S-oxprenolol. In some
embodiments, there is provided a reethod of increasing locomotive activity of an individual
having cancer, comprising administcring (such as orally administering) to the individual an
cffective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol (for
example comprises an enantiomeric excess of at least about 99% of S-oxprenolol), wherein
the amount of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as
about 80 to about 160 mg, for example about 100 1ug to about 160 mg). In some
embodiments, (he individual has no symptom of cancer cachexia. In some embodiments, the
individual has one or more symptoms of cancer cachexia.

[6088]  In some embodiments, there is provided a method of improving fatigue or

dyspnea in an individual having cancer, comprising admisistering to the individual an
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effective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments, the composition comprises an enantiomeric excess of at least about 10% (such
as at icast about any one of 209%, 30%, 40%, 50%. 60%, 70%., 80%, 90%. 95%, 96%, 97%,
98%, vr 99%}) of S-oxprenolol. In some embuodiments, there is provided a method of
improving fatigne or dyspnea in an individual having cancer, comprising administering to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition comprises an enantiomeric excess of at least
about 99% (for example at least about 99.9%) of S-oxprenolol. In some embodiments, there
is provided a method of improving fatigue or dyspnea in an individual having cancer,
comprising administering (such as orally administering) to the individual an eftective amount
of a composition comprising oxprenolol or a pharmaceutically acceptable salt thereof,
wherein the composition is enantiomerically enriched for S-oxprenolo} (for example
comprises an epantiomeric excess of at least about 99% of S-oxprenolol), wherein the amouat
of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to
about 160 mg, for example about 100 mg to about 160 mg). In some embodiments, the
individual has no symptom of cancer cachexia. In some embodiments, the individual has one
or more symptoms of cancer cachexia.

[0089] In some embodiments, there is provided a method of preventing loss of body
fat in an individual having cancer, comprising administering to the individual an effective
amount of a composition comprising oxprenolol or a pharmaceutically acceptable salt
thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments, the composition comprises an enantiomeric excess of at Jeast about 109% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,. 96%, 97%.
98%, or 99%) of S-oxprenolol. It some embodiments, there is provided a method of
preventing loss of body fat in an individual having cancer, comprising administering to the
individual an effective amount of a composition comprising oxprenolo} or a phanmaceutically
acceptable salt thereof, wherein the composition comprises an enantiomeric excess of at least
about 9% (for example at least about 99.9%) of S-oxprenoclol. In some embodiments, there
1s provided a method of preventing loss of body fat in an individual having cancer,
comprising administering (such as orafly administering) to the individual an effective amount
of a composition comprising oxprenolol or a pharmaceutically acceptable salt thereof,
wherein the composition is enantiomerically enriched for S-oxprenolol (for example

comprises an enantiomeric excess of at least about 99% of S-oxprenolol), wherein the amount
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of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 o
about 160 mg, for example about 100 mg to about 160 mg). In some embodiments, the
individual has no symptom of cancer cachexia. In some embodiments, the individual has one
or mor¢ symptoms of cancer cachexia. In some embodiments, the loss of body fat of the
individual is no more than about 10% (for example no more than about any of 15%, 14%,
13%, 12%, 11%, 10%, 9%, 8%, 7%. 6%, or 5%} of the total body fat. In some embodiments,
the loss of body fat is evaluated over a time period of about 1 month to 2 years (for example,
about 1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19 .20, 21, 22, 23, or 24
months).

[0090] Adipose tissue appears as two types: white adipose tissue and brown adipose
tissue. White adipose tissue cells contain a single large fat droplet, which forces the nucleus
1o be squeezed into @ thin rim at the periphery. They have receptors for insulin, growth
hormones, norepinephrine and glucocorticoids. White adipose tissue is used as a storve of
energy. White adipose tissue also acts as a thermal insulator, helping to maintain body
temperature. Brown adipose tissue cells contain numerous smatler droplets and a higher
number of (iron containing) mitochondria, which gives a brown color to the cell. Brown fat
also contains more capillaries than white fat, since it has a greater need for oxygen than most
tissucs. The methods provided herein are useful for preventing Joss of hoth white adipose
tissue and brown adipose lissue in an individual having cancer.

[0091] In some embodiments, there js provided a method of providing
cardioprotective effects in an individual baving cancer, comprising administering to the
individual an effective amount of a composition comprising oxprenolo! or a pharmaceutically
acceptable salt thereo.f, wherein the composition is enantiomerically enriched for §-
oxprenolol. Tn some embodiments, there is provided a method of preventing wasting of &
heart muscle in an individual having cancer, comprising administering to the individual an
effective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments. the composition comprises an enantiomeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%., 60%, 70%, 80%, 90%. 95%, 96%. 97%,
98%, or 99%) of S-oxprenolol. In some embodiments, there is providéd a method of
providing cardioprotective effects in an individual having cancer, comprising administering
to the individual an cffective amount of a composition comprising oxprenolol or a
pharmaceatically acceptable salt thereof, wherein the composition comprises an enantiomeric

excess of at least about 99% (for example at least about 99.9%) of S-oxprenolol. In some
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embodiments, there is provided a method of preventing wasting of a heart muscle in an
individual having cancer, comprising administering to the individual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein Lhe
composition compriscs an cnantiomeric excess of at [cast about 99% (for example at Icast
about 99.9%) of S-oxprenolol. In some embodiments, there is provided a method of
providing cardioprotective effects in an individual having cancer, comprising administering
(such as orally administering) to the individual an effective amount of a composition
comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the composition
is enantiomerically enriched for S-oxprenolol (for example comprises an enantiomeric excess
of at least about 99% of S-oxprenolol), wherein the amount of S-oxprenolo} in the
composition is about 50 mg to about 160 mg (such as about 80 to about 160 mg, for example
about 100 mg to about 160 mg). In some embodiments, there is provided a method of
preventing wasting of a heart muscle in an individual having cancer, comprising
administering (such as orally administering) to the individual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the
composition is enantiomerically enriched for S-oxprenolol (for exaniple comprises an
enantiomeric excess of at least about 99% of S-oxprenolol), wherein the amount of $-
oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 1o about 160
mg, for example about 100 mg to about 160 mg). In some embodiments, the individual has
no symptom of cancer cachexia. In some embodiments, the individuat has one or more
symptoms of cancer cachexia. Cardioprotective effects include one or more of the following:
preventing and treating atrial fibrillation and ventricular fibrillation, improving arrhythmias,
improving diastolic function of a heart, and preventing and treating fibrosis of a heart. The
methods deseribed herein are therefore useful for any one or more of these cardioprotective
effects.

{0092]  Insome embodiments, there is provided a method of preventing sudden death
and/or cardiovascular death in an individual having cancer, comprising administering to the
individual an effective amount of a composition comprisiag oxprenolol or a pharmaceutically
acceptﬁble salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. Tn some embodiments, the composition comprises an enantiomeric excess of at
least about 10% (such as at least abowt any one of 20%, 30%, 40%, S0%, 60%. 70%, 80%,
90%, 95%. 96%, 97%, 98%, or 99%) of S-oxprenolol. In some embodiments, there is
provided a method of preventing sudden death andfor cardiovascular death in an individual

having cancer, comprising administering to the individual an effective amount of a
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compasition comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the
composition comprises an enantiomeric excess of at least about 99% (for example at least
about 99.9%) of S-oxprenclol. In some embodiments, there is provided a methed of
preventing sudden death and/or cardiovascular death in an individual having cancer,
corprsing administering (such as orally administering) to the individual as effective wnount
of a composition comprising oxprenolol or a pharmaceutically acceptable salt thereof,
wherein the composition is enantiomerically enriched for S-oxprenolol (for example
comprises an enantiomeric excess of at least about 99% of S-oxprenolol), wherein the amount
of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to
about 160 mg, for example about 100 mg to abowt 160 mg). In some embodiments, the
individual has no symptom of cancer cachexia. In some embodiments, the individual has onc
or more symptomns of cancer cachexia.

[0093] The methods described herein may be useful for any one or more of the
following: 1) preventing loss of skeletal muscle associated with cancer; 2) treating fatigue
associated with cancer; 3) treating muscle weakness associated with cancer: 4) strengthening
skeletal muscle in an individual having cancer;: 5) treatment of muscle wasting associated
with cancer; 6) treating dyspnea associated with muscle changes in cancer; and 7) improving
fatigue resistance of muscle in cancer. Skeletal muscle tncludes, but is not limited to,
gastrocnemius muscle, tbialis muscle, soleus muscle, and extensor digitorum longus (EDL)
muscle, quadriceps, hamsttings, postural muscles, hand muscles, trceps, biceps, masseter and
other jaw muscles, and intercostal and other respiratory muscles. The present application
encompasses any of these methods.

{0094] In some embodiments, the individual has been diagnosed with or is suspected’
of having cancer. In some embodiments, the individual exhibits one or more symptoms
associated with cancer. In some embodiments, the individual has a low tumor burden. In
some embodiments, the individual is a2 human. In some embodiments, the individual is at
least about any of 35, 40, 45, 50, 55, 60, 035, 70, 75, 80, or 83 years old. In some
embodiments, the individual is a0 more than about any of 35. 30, 20, 15, 10. 5, or | year old.
In some embodiments, the individual is a male. In some embodiments, the individual is a
female. In some embodiments, the individual has a single lesion at presentation. In some
embodiments, the individual has multiple lesions at presentation. In some embodiments, the
individual has been previously treated for cancer. In some embodiments, the individual has

not previously been treated for cancer.
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{0095] The cancer described herein can be of any stage. ln general, cancers can be

evaluated according to Overall Stage Grouping, outlined as follows:

Stage O Carcinoma in situ

Stage I Cancers are localized to one part of the body

Stage L Cancers are locally advanced

Stage ¥ Cancers are also Jocally advanced. Whether a cancer is designated as

Stage TI or Stage IIT can depend on the specific type of cancer; for
example, in Hodgkin's Disease. Stage H indicates affected lymph
nodes on only one side of the diaphragm, whereas Stage HT indicates
affected Iymph nodes above and below the diaphragm. The specific
criteria for Stages H and 131 therefore differ according o diaguosis,

Stage IV Cancers have often metastasized, or spread to other organs or
throughout the body

[0096] In some embaodiments, the cancer is surgically treatable. In some
embodiments, the cancer is not surgically treatable.

[0097] In some embodiments, the cancer is an early stage cancer. such as Stage 0.
Stage I, or Stage I, In some embodiments, the cancer is a late stage cancer, such as Stage 1H
or Stage IV. In some embodiments, the cancer is Stage IIIA. In some embodiments, the
cancer is Stage HIB or Stage IV. In some embodiments. the cancer is Stage IV.

[0098] In some embodiments, the cancer is early stage cancer, non-metastatic cancet,
primary cancer, advanced cancer, locally advanced cancer, metastatic cancer, cancer in
remission, or recwrrent cancer. In some embodiments, the cancer is localized resectable,
localized unresectuble, or unresectable. Tn some embodiments, the cancer is a progressive
cancer. In some embodiments, the cancer is substantially refractory to hormone therapy. In
some embodiments, the cancer is HER2 positive. In some embodiments, the cancer is HER2
negative. In some embodiments, the cancer is estrogen receptor and/or progesterone receptor
positive. Tn some embodiments, the cancer is estrogen receptor and/or progesterone receptor
negative.

[0099] The methods provided herein can be practiced in an adjuvant setting.
Allernatively, the methods can be pracliced in a neoadjuvant setting, i.e., the method may be
carried out before the primary/definitive therapy. In some embodiments, the method is a first
line therapy. In some embodiments, the method is a second line therapy.

1610601 ‘The methods described herein can be useful for treating and providing
beneficial effects to individuals having a cancer. In some embodiments, the cancer is a solid
tumor. In some embodiments, the cancer is adenocarcinoma. In some embodiments, the

cancer is sarcoma.
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[0101] In some embaodiments, the cancer is any one of the following: biliary cancer
(e.g., cholangiocarcinoma), biadder cancer. breast cancer (e.g., adenocarcinoma of the breast,
papillary carcinoma of the breast, maminary cancer, medullary carcinoma of the breast),
brain cancer (¢.g., glioblastoma, meningioma; glioma, e.g., astrocytoma, oligodendroglioma;
medullublastoma), cervical cancer (e.g., cervical adenocarcinoma), colorectal cancer (e.g.,
colon cancer, rectal cancer, colorectal adenocarcinoma), esophageal cancer, gastric cancer
(2.8., stomach adenocarcinoma), gastrointestinal stromal tumor (GIST), head and neck cancer
(e.g., head and neck squamous cell carcinoma, oral cancer (e.g., oral squamous cell
carcinoma (OSCQ)). kidney cancer (c.g., nephroblastoma a.k.a. Wilms' tamor, renal cell
carcinomay), Hver cancer {e.g., hepatocelular cancer (HCC), malignant hepatoma), fung
cancer (.., bronchogenic carcinoma, small cell lung cancer (SCLC), non-small cell lung
cancer (NSCLC), adenocarcinoma of the lung), leuketnia (¢.g., acute lymphoblastic leukemia
(ALL), acute myeloid leukemia (AML), chronic myelogenous leukemia (CML.), chronic
Iymphocytic lenkemia (CLL)), lymphoma (e.g., Hodgkin lymphoma (HL), non-Hodgkin
lymphoma (NHL), follicular lvmphoma, ditfuse large B-cell lymphoma (DLBCL), mantle
cell lymphoma (MCL)), multiple myetoma (MM), myelodysplastic syndrome (MDS),
myeloproliferative disorder (MPD) (e.g.. polycythemia Vera (PV}), essential
thrombocythemia (ET), agnogenic myeloid metaplasia (AMM) ak.s. primary myelofibrosis
(PMF), chronic myelocytic feukemia (CML), chronic nevtrophilic leukemia (CNL),
hypereosinophilic syndrome (HES}). neuroblastoma, seurofibroma (e.g., peurofibromatosis
(NF) type 1 or type 2, schwannomatosis), neuroendocrine cancer (e.g., gastroenteropancreatic
neuroendoctrine tumor (GEP-NET), curcinoid tumor), osteosarcoma, ovarian cancer (e.g.,
cystadenocarcinoma, ovarian embryonal carcinoma, ovarian adenocarcinoma), pascreatic
cancer (e.g., pancreatic andenocarcinoma, intraductal papillary roucinous neoplasm (IPMNJ),
prostate cancer (e.g., prostate adenocarcinoma), skin cancer (e.g., squamous cell carcinoma
(SCC), keratoacanthoma (KA), melanoma, basal cell carcinoma (BCQ)) and soft tissue
sarcoma {¢.g,, malignant fibrous histiocytoma (MFH), liposarcoma, malignant peripheral
nerve sheath tumor (MPNST), chondrosarcoima, fibrosarcoma, rhabdomyosarcoma,
myxosarcoma).

[0102] [n some embodiments, the cancer is selected from the group consisting
ofbladder cancer, breast cancer, medulioblastona, colorectal cancer, head und neck cancer,
lung cancer {e.g., small cell tung cancer (SCLC), non-smali cell lung cancer (NSCLC)),
leukenuia (e.g.. acule lymphoblastic leukemia (ALL), acute myeloid leukemia (AML),

chronic myelogencous leukemia (CML), chronic tymphocytic leukemia (CLL)). lymphoma
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(e.g., Hodgkin lymphoma (HL), non-Hodgkin lymphoraa (NHL)), multiple myeloma (MM),
chronic myeloproliferative disorder (primary myeclofibrosis, polycythemia vera, essential
thrombocytemia), osleosarcoma, Ovarian cancer, pancreatic cancer, prostate cancer, basal cell
carcinoma (BCC)) and chondrosarcoma.

[0103] In some embodiments, the cancer is a cancer that is difficult to treat,
Examples of cancers that are difficult to treat include, but are not limited to, brain cancer
{such as glioblastoma), liver cancer, lung cancer, ovarian cancer, pancreatic cancer, and skin
cancer (such as melanoma).

[0104] In some crmbodinients, the cancer is a cancer that is or is known to be
associated with cachexia. Examples of cancers that are associated with cachexia include, but
arc not limited to, gastric cancer, pancreatic cancer, lung, esophageal, colorectal, head and
neck cancer, and hematological malignancies.

[0105] In some embodiments, the cancer is liver cancer, such as hepatocarcinoma
(“HCC™), hepatoblastoma, cholangiocarcinoma, angiosarcoma, hemangiosarcoma, or
lymphoma of the liver. In some embodiments, the liver cancer (such as HCC) is early stage,
non-metastatic, primary, advanced, locally advanced, metastatic, liver cancer (such as HCC)
in remission, or recurvent liver cancer (such as recurrent HCC). In some embodiments, the
liver cancer (such as HCC) is localized resectable (3.c., tumors that arc confined to a portion
of the liver thal allows for complete surgical removal), localized unresectable (i.e., the
localized tumors may be unresectable because crucial blood vessel structures are involved or
because the liver is impaired), or untesectable (L.e., the tumors involve all lobes of the liver
and/or has spread 1o involve other organs (e.g., lung. lymph nodes, bone). In some
embaodiments, the liver cancer (sach as HCC) is, according to TNM classifications, a stage T
tumor (single tumor without vascular invasion), u stage Il tumor (single tumor with vascular
imvasion, or multiple tumeors, none greater than 5 cm), a stage T tumor (multiple tumors, any
greater than 5 cm, or tumors involving major branch of portal or hepatic veins), a stage IV
tumor (tumors with direct invasion of adjacent organs other than the gallbladder, or
perforation of visceral peritonemn), N1 tumor (regional lymph node metastasis), or MU tumor
(distant metastasis). In some embodiments. the liver cancer (such as HCC) is, according to
AJCC (American Joint Commission on Cancer) staging criteria, stage T1, T2, T3, or T4
HCC. In some embodiments, the liver cancer is any one of liver cell curcinomas,
fibrolamellar variants of HCC, and mixed hepatocellular cholangiocarcinomas,

10106} In some embodiments, the indjvidual is of Asian ancestry. In some

embodiments. the individual is HBsAg positive. In some embodiments, the individual is
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HBsAg negative. In some embodiments, the individual has underlying tiver cirrhosis. In
some embodiments, the individual does not bave the underlying liver cirthosis. In some of
embodiments, the individual is genetically or otherwise predisposed (e.g., having a risk
factor) to developing liver cancer (such as HCC). These risk factors include, but are not
timited to, age, sex, race, diet, history of previous disease, presence of precursor disease (e.g.,
hepatitis B or hepatitis C viral infection, liver cirrhosis), genetic (e.g., hereditary)
considerations, and environmental exposure. In some embodiments, the individuals at risk
for hiver cancer (such as HCC) include, e.g., those having relatives who have experienced
Hiver cancer (such as HCC), and those whose risk is detetmined by analysis of genetic or
biochemical markers.

10107] Thus, for example, in some embodiments, there is provided a method of
treating liver cancer {such as HCC) in an individual having liver cancer (such as HCC),
comprising administering to the individual an effective amount of a composition comprising
oxprenolol or a pharmaceutically acceptable salt thereof, wherein the composition is
enantiomerically enriched for S-oxprenclol. In some embodiments, the composition
comprises an enantiomeric excess of at least about 10% (such as at least about any one of
20%, 30%, 40%, S0%, 60%, 70%, 80%, 90%, 95%, 96%, 97%. 98%, or 99%) of S-
oxprenolol. Insome embodiments, there is provided a method of treating liver cancer (such
as HCC) in an individual having liver cancer (such as HCC), comprising administering to the
individual an effective amount of a composition comprising oxprenolol ot a pharmaceutically
acceptable salt thereof, wherein the composition comprises an enantiomeric excess of at least
about 99% (for example at least about 99.9%) of S-oxprenclol. In some embodiments, there
is provided a method of treating liver cancer (such as HCC) in an individual having liver
cancer (such as HCC), comprising administering (such as orally administering) to the
individual an effective amouat of a composition comprising oxprenolol or a pharmaccutically
acceptable salt thereof, wherein the composition is enantiomerically enxiched for §-
oxprenolol (for example coinprises an enantiomeric excess of at least about 99% of S-
oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg to about
160 mg (such as about 80 to about 160 mg, for exampie about 100 mg to about 160 mg). In
some embodiments, the individual bas no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia.

[0108] In some embodiments, there is provided a method of prolonging survival of an
individual having liver cancer (such as HCC), comprising administering to the individual an

effective amount of a composition comprising oxprenolof or a pharmaceutically acceptable
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salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments, the composition comprises an epantiomeric excess of at least about 10% (such
as at least about any vne of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%. 96%, 97%.
98%. or 99%) of S-oxprenolol. T some embodiments. there is provided a method of
prolonging survival in an individual having liver cancer (such as HCC), comprising
administering to the individual an effective amount of a composition comprising oxprenolof
or a pharmaceutically acceptable salt thereof, wherein the composition comprises an
enantiomeric excess of at least about 99% (for example at least about 99.9%) of S-
oxprenolol. I some embodiments, there is provided a method of prolonging survival of an
individual having liver cancer (such as HCC), comprising administering (such as orally
administering) to the individual an effective amount of a composition comprising oxptenolol
or & pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
enriched for S-oxprenolol (for example comprises an enantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg
to about 160 mg (s{uch as about 80 to about 160 mg, for example about 100 mg to about 160
mg). In some embodiments, the individual has no symptom of caucer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia. In some
embodiments, the method prolongs the survival of the individual by at least any of [, 2, 3, 4,
5,.6,7,8,9,10, 11, 12, 18, or 24 months.

[0109]  In some embodiments, there is provided a method of preventing body weight
loss of an individual having lver cancer (such as HCC), comprsing administering to the
individual an effective arsount of a composition comprising oxprenolot or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol (for example comprising an enantiomeric excess of about 99% of S-oxprenolol).
In some embodiments, there is provided a method of preventing (or delaying) development of
cancer cachexia in an individual having liver cancer (such as HCC), comprising
administering to the individual an etfective amount of a composition comprising axprenolol
or a pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
enriched for S-oxprenolol (for example comprising an enantiomeric excess of about 99% of
S-oxprenolot). In some embodiments. there is provided a method of preventing loss of lean
body mass in an individual having liver cancer (such as HCC). comprising administering to
the individual an effective amount of a composition comprising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically

enriched for S-oxprenolol (for example comprising an enantiomeric excess of about 99% of
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S-oxprenolol). In some embodiments, there is provided a method of preventing foss of body
fat in an individual having liver cancer (such as HCC), comprising administering to the
individual an effective amount of a composition commprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenvlol (for example comprising an enantiomeric excess of about 99% of S-vxprenolol).
In some embodiments, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia.

[6110] In some embodiments, there is provided a method of alleviating one or more
symptoms associated with liver cancer (such as HCC) in an individual, comprising
administering to the individual an effective amount of u composition comprising oxprenolol
or a pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
enriched {or S-oxprenolol. In some embodiments, the composilion comprises an
enantiomeric excess of at least about 10% (such as at least about any one of 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95%, 96%, 37%, 98%, or 99%) of S-oxprenclol. In some
embodiments, there is provided a method of alleviating one or more symptoms associated
with fiver cancer (such as HCC) in an individual, comprising administering to the individual
an effective amount of a composition comprising oxprenolol or 4 pharmaceutically
acceptable salf thereof, wherein the composition comprises in enantiomeric excess of at least
about 99% (for example at least about 99.9%) of S-oxprenofol. In some embodiments, there
is provided a method of alleviating one or more symptoms associated with tiver cancer (such
as HCC) in an individual, comprising administering (such as orally administering) to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for §-
oxprenolol (for example comprises an epantiomeric excess of at [east about 99% of S-
oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg to about
160 mg (such as about 80 to about {60 mg, for example about 100 mg to about 160 mg). In
some embodiments, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia.

[0111] In some embodiments, there is provided a method of prolonging progression-
free survival in an individual with hiver cancer (such as HCC). comprising admintstering to
the individual an effective amount of a composition comprising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the comnposition is enantiomerically
enriched for S-oxprenolol. In some embodiments, Lthe composition comprises an

enantiomeric excess of at least about 10% (such as at least about any one of 20%, 30%, 40%,

30



CA 02906196 2015-09-14

50%. 60%, 10%, 80%, 90%, 95%. 96%, 97%. 98%. or 99%) of S-oxprenclol. In some
embodiments, there is provided a method of prolonging progression-free survival in an
individual with liver cancer (such as THCC), comprising administering to the individual an
effective amount of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, wherein the composition comprises an enantiomeric excess of at least about 99%
(for example at least about 99.9%) of S-oxprenolol. In some embodiments, there is provided
a method of prolonging progression-free survival in an individual with liver cancer (such as
HCC), comprising administering (such as orally administering) to the individual an effective
amount of a composition comprising oxprenolol or a pharmaceutically acceptable salt
thereof, wherein the composition is enantiomerically enriched for S-oxprenolol (for example
comprises an enantiomeric excess of at least about 99% of S-oxprenolol}, wherein the amount
of S-oxprenolol in the composition is about 50 mg to about 160 mg (such as about 80 to
about 160 mg, for example about 100 mg to about 160 mg). In some embadiments, the
individual has no symptom of cancer cachexia. In some embodiments, the individual has one
or more symptoms of cancer cachexia.

[6112] In some embodiments, there is provided a method of treatin g muscle wasting
in an individual having liver cancer (such as HCC), comprising administering lo the
individual an clfective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. In some embodiments, the composition comprises an enantiomeric excess of at
least about 10% (such as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%. 95%. 96%, 97%. 98%. or 99%: of S-oxprenolol. In some embodiments, a method of
treating muscle wasting in an individual haviag liver cancer (such as HCC), comprising
administering to the individual an effective amount of 1 composition comprising oxprenolo}
ot & pharmaceutically acceptable salt thercof, wherein the composition comprises an
enantiomeric excess of at }east about 99% (for example at least about 99.9%) of S-
oxprenolol. In some embaodiments, a method of treating muscle wasting in an individual
having liver cancer (such as HCC), comprising administering (such as orally administering)
to the individual an effective amount of a composition comprising oxprenolol or a
pharmaccutically acceptable salt thereof, wherein the composition is enantiomerically
enriched for S-oxprenotol (for example comprises an epantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg
to about 160 mg (such as about 80 to about 160 mg, for example aboot 100 mg to about 160

mg). Insome embodiments, the individual has no symptom of cancer cachexia. In some
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embodiments, the individaal bas one or more symptoms of cancer cachexia. In some
embaodiments, the method leads to a reduction of muscle wasting, i.e., a slow-down of muscle
loss. In some embodiments, the method leads to a reversal of muscle wasting, i.e.. an
increase in muscle weight.

[0113]  Insome embodiments, there is provided a method of improving quality of life
in an individual having liver cancer (such as HCC), comprising administering to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. T some embodiments, the composition comprises an enantiomeric excess of at
least about 10% (such as at least about any one of 20%., 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%. 96%, 97%. 98%, or 99%) of S-oxprenolol. In some embodiments, a method of
improving quality of life in an individual having liver cancer (such as HCC), comprising
administering to the individual an effective amount of a composition comprising oxprenolol
or a pharmaceutically acceptable salt thereof, wherein the composition comprises an
enantiomeric excess of at least about 99% (for example at least about 99.9%) of S-
oxprenolol. In some embodiments, a method of improving quality of life in an individual
having liver cancer (such as HCC), comprising adrninistering (such as orally administering)
to the individual an effective amount of a composition comptising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
enriched for S-oxprenolo} (for example comprises an enantiomedc excess of at least aboul
99% of S-oxprenolo}). wherein the amount of S-oxpreaolol in the composition is about 50 mg
10 ahout 160 mg (such as about 80 to about 160 mg, for example about 100 mg to about 160
mg). In some embodimens, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia,

(0114} In some embodiments, there is provided a raethod of increasing food intake of
an individual having liver cancer (such as HCC), comprising adininistering (o the individual
an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. In some embodiments, the composition comprises an enantiomeric excess of at
least about 10% (such as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, §0%,
90%, 95%, 96%, 7%, 98%. or 99%) of S-vuxprenolol. In some embodiments, a method of
increasing food intake of an individual having liver cancer (such as HCC), comprising
administering to the individual an effective wnount of a composition comprising oxprenolol

or a pharmaceutically acceptable salt thereof, wherein the composition comprises an
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enantiomeric excess of af least about 99% (for example at least about 99.9%) of S-
oxprenolol. In some embodiments, a method of increasing food intake of an individual
having liver cancer (such us HCC), comprising administering (such as orally administering)
to the individual an effective amount of a composition comprising oxprenolol or a
pharmaceutically acceptable salt thereof, wherein the composition is esantomerically
enriched for S-oxprenolo! (for example comprises an enantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenolol in the composition is about 50 mg
to about 160 mg (such as about 80 to about 160 mg. for example about 100 mg to about 160
mg). In some embodiments, the individual has no symptom of cancer cachexia. In some
embodiments, the individual has one or more symptoms of cancer cachexia.

[0115] In some embodiments, there is provided a method of increasing locomotive
activity of an individual having liver cancer (such as HCC), comprising administering to the
individual an effective amount of a composition comprising oxprenolol or a pharmaceutically
acceptable salt thereof, wherein the composition is enantiomerically enriched for S-
oxprenolol. Insome embodiments, the composition comprises an enantiomeric excess of at
feast abont 10%: (such as at least about any one of 20%, 30%, 40%. 50%, 60%, 70%, 80%,
90%, 95%, 96%, 97%, 98%, or 99%}) of S-oxprenolol. In some embodiments, a method of
increasing Jocomotive activity of an individual baving liver cancer {such as HCC),
comprising administering to the individual an effective amount of a compoesilion comprising
oxprenolol or a pharmaceutically acceptable salt thereof, wherein the composition comprises
an epastiomeric excess of at Jeast about 99% (for example at least about 99.9%) of S-
oxprenolol. I sorae embodiments, @ method of increasing locomotive activity of an
individual having iver cancer {such as HCC), comprising admintstering (such as orally
administering) to the individual an effective amount of 4 composition comprising oxprenolof
or a pharmaceutically acceptable salt thereof, wheretn the composition is enantiomerically
enriched for S-oxprenolol (for example comprises an enantiomenic excess of at least about
99% ot S-oxprenolot), wherein the amount of S-oxprenolol in the compaosition is about 50 mg
to about 160 mg (such as about 80 to about 160 mg, for example about 100 mg to about 160
mg). In some embodiments. the individual has no symptom of cancer cachexia. In some
embodiments. the individual has one or maore symptoms of cancer cachexia.

[0116] In some embodiments, there is provided a method of improving fatigue or
dyspnea in of an individual having lver cancer (such as HCC), comprising administering to
the individual an effective amnount of a composition comprising osprenolol or a

pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
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enriched for S-oxprenolol. In some embodiments, the composition comprises an
cnantiomeric excess of at least about 10% (such as at least about any onc of 20%, 30%, 40%,
50%, 60%, 70%, 80%., 90%, 95%. 96%, 97%. 98%, or 99%) of S-oxprenclol, In some
embodiments, a method of improving fatigue or dyspnea in of an individual having liver
cancer (such as HCC), comprising administering o the individual an effective amount of a
composition comprising oxprenolol or a pharmaceutically acceptable sait thereof, wherein the
composition comprises an enantiomeric excess of at least about 99% (for example at least
about 99.9%) of S-oxprenciol. In some embodiments, a method of improving fatigue or
dyspnea in of an individual having liver cancer {such as HCC), comprising administering
(such as orally adminislering) to the individual an effective amount of a composition
comprising oxprenolol or a pharmaceutically acceptable salt thereof, wherein the composition
is enantiomerically enriched for S-oxprenolol (for example comprises an enantiomeric excess
of at least about 99% of S-oxprenolol), wherein the amount of S-oxprenolol in the
composition is about 50 mg to about 160 mg (such as abont 80 to about 160 g, for example
about 100 mg 1o about 160 mg). In some embodiments. the individual has no symptom of
cancer cachexia. In some embodiments, the individual has one or more symptoms of cancer
cachexia.

[6117) In some embodiments, the individual being treated is no more than about {8
years old. For example, in some embodiments, there is provided a method of trealing a
cancer in an individual having pediatric cancer, comprising adminisfering to the individual an
effective amouni of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof, wherein the composition is enantiomerically enriched for S-oxprenolol, wherein
the individual is no more than about 18 years old. In some embodiments, there is provided a
method of promoting growth in an individual having a cancer, whereia the individual is no
more than about 18 years old. In some embodiments, there is provided a method of
preventing loss of growth in an individual having cancer, wherein the individual is no more
than about 1§ years old. In some embodiments. there is provided a method of treating muscle
wasting in an individual having cancer, wherein the individual is no more than about 8 years
old. In some embodiments, there is provided a method of prolonging survival of an
individual having cancer, wherein the individual is no more than about 18 years old. In some
embodiments, there is provided a method of improving quality of life in an individual huving
cancer, wherein the individual is no more than about 18 years old. In some embodiments, the
individual is no more than about any of 17, 16, 15, 14, 13, 12, 11, 10,9,8.7.6,5.4,3, 2, or |

year old. In some embodiments, the individual is about 9 to about 15 years old. In some
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embodiments, the individual is about 5 to about 9 years old. In somie embodiments, the
individual is about { to about 5 vears old. In some embodiments, the individual is no more
than about 1 year old, such as about 6 months old to about 1 year old. less than about 6
months old, or less than about 3 months old. In some embodiments, the composition
comprises a composition comprising oxprenolol or a pharmaceutically acceptable sali
thereof, wherein the composition is enantiomerically enriched for S-oxprenolol. In some
embodiments, the composition comprises an enantiomeric excess of at least about 10% (such
as at least about any one of 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%. 95%, 96%, 97%,
98%, or 99%) of S-oxprenolol. In some embodiments, the composition comprises an
enantiomeric excess of at least about 99% (lor example at least about 99.9%) of S-
oxprenolol.

[0118] In some embodiments, the individual po more than about 18 years old for the
methods described herein has a solid tumor. In some embodiments, the sofid tamor is
sarcoma. In some embodiments, the solid tumor is carcinoma (such as adenocarcinoma). In
some embodiments, the solid tumor is a neuroendocrine tumor. 1n some embodiments, the
solid tsmor is a cancer of the connective tissue. In some embodiments, the solid tumor is a
cancer arising (rom mesenchymal cells (e.g.. skeletal muscle progenitor cells). In some
embodiments, the solid tumor is a soft tissue turnor (such as soft tissue sarcoma). In some
embodiments, the solid tunor is selected from the group consisting of neuroblastoma.
thabdomyosarcoma, osteosarcoma, retinoblastoma, CNS tumor, Wilm’s tumor, and Ewing’s
sarcoma. In some embodiments, the solid tumor is an abdominal tomor, a soft tissue tumor, a
bone tumor, or an eye tumor. In some emubodiments. the solid tumor is a brain tomor. In
some embodiments, the solid tumor is melanoma, In some embodiments, the solid tumor is a
soft tissue sarcoma, such as rhabdomyosarcoma. In some embodiments. the solid tumor is
neuroblastoma. In some embodiments, the solid tumor is osteosarcoma. In some
embodiments, the solid tumor is retinoblastoma. In some embodiments, the solid tumor is a
heritabie retinoblasmoma.

{0119] In some embodiments, the individual so more than about 18 years old for the
methods described herein has a central nervous system {CNS) tumor, such as an astrocytoma,
a brain stem glioma, an ependymoma, a germ cell tumor, or a medutltoblastoma. Childhood
central nervous system tumors do not typically spread outside the brain und spinal cord. In
some embodiments, the CNS tumor is a recurrent CNS tumor.

[01201  Insome embodiments, the individual no more than 18 years old for the

methods described herein has Wilms' tumor (also known as nephroblastoma). In some
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embodiments, the individual has Stage I Wilms’ tumor. In some embodiments, the individual
has Stage II Wilms” tamor. In some embodiments, the individual has Stage 1T Wilms’
wmor. In some embodiments, the individual has Stage IV Wilns' tumor. In some
embodiments, the individual has Stage V Wilms’ tumor. Tn some embodiments, the
individual has recurrent Wihns' tomor.

[0121] In some embodiments, the individual no more than |8 years old for the
methods described herein has soft tissue sarcoma. In some embodiments, the individual has
Stage 1 soft tissue sarcoma. In some embodinients, the individual has Stage 11 soft tissue
sarcoma. In some embodiments, the individual has Stage JT1 soft tissue sarcoma. In some
embodiments, the individual has Stage IV solt tissue sarcoma. In some embodiments, the
individual has recurrent soft tissue sarcoma.

{0122} In some embodiments, the individual no more than about 18 years old for the
methods described herein has Ewing's sarcoma. In some embodiments, the individual has
localized Ewing’s sarcoma. In some embodiments, the individual has metastatic Ewing’s
sarcoma. In some embodiments. the individual has Stage 1 Ewing’s sarcoma. In some
embodiments, the individual has Stage 2 Ewing’s sarcoma. In some embodiments, the
individual has Stage 3 Ewing’s satccoma. [n some embodiments, the individual has Stage 4
Ewing’s sarcoma. In some embodiments, the individual has recurcent Ewing’s sarcoma.

[0123} In some embodiments, the individeal no more than about 18 years old for the
methods described herein has hepatoblastoma.

[0124] In some embodiments, the individeal no more than about 18 years old for the
methods described herein has a haematological disease, such as leukemia (for example acute

leukemia).

Enantiomerically enriched oxprenolol compaesitions

{0125] The methods described heretn comprise administration of compositions
comprising oxprenolol ot & pharmaceutically acceptable salt thereof, wherein the composition
is enantiomerically entiched for S-oxprenolol (for example comprising an enantiomeric
excess of at least about 99% of S-oxprenolol). The present disclosure also provides such
compositions which are useful for the methods disclosed herein.

[0126]  Oxprenolol is 1-[2-(allyloxy)phenoxy]-3-{isopropylamino)propan-2-ol. The

structure of oxprenolol is shown betow.
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OH |,
moy\/ N\’/CH3
o OA\//,CHQ CHs
[0127] Oxprenolol exists in optically active forms. Optically active compounds have
the ability to rotate the plane of plane-polarized light. In desceibing an optically active
compound, the prefixes R and S are used to denote the absolute configuration of the molecule

wep

about its chiral center(s). The prefixes “d” and “I”” or (+) and (-) are employed to designate
the sign of rotation of plane-polarized light by the compound, with (-) or | meaning that the
compound is “levorotatory™ and with (+) or d meaning that the compound is “dextrorotatory.”
There is no correlation between nomenclature for the absolute stereochemistry and for the
rotation of an enantiomer. For a given chemical structure, these compounds, called
“stereoisomers,” are identical except that they are mirror images of one another. A specific
stereoisomer can also be referred to as an “enantiomer,” and a mixture of such isomers is
often called an “enantiomeric” or “racemic” mixture.

[0128] Oxprenolol is a chiral compound, As a racemic mixture, there 1s 4 mixture of
(R)-(+)-oxprenolol and (S)-(-)-oxprenolol. Analytical methods, such as HPLC, can be used
for separation and quaniification of {(R)-(+)-oxprenoclol and (5)-(-)-oxprenolol in mixtures.

The structures of (R)-(+)-oxprenolol and (S)-(-)-oxprenolol are shown below.

CIO\ACHz CH, (R)-(+)-oxprenolof or R-oxprenolof
y-1-(2- ; }-3-
P O/Y\EJ\CHa (R)-1-(2-(allyloxy)phenoxy)-3
Hon (isopropylamino)propan-2-ol
HOH (S)-(~)-oxprenolol or S-oxprenolol
0. _N._GCHs ,
I = (8)-1-(2-(allyloxy)phenoxy)-3-
~_.2CHz € , .
AN R CHs (isopropylamino)propan-2-o}

[0129] The compositions described herein are enantiomerically enriched for S-
oxprenolol. For example, in some erubodiments, the copposition comprises an epantioesic
excess of at least about 1%, 5%, 109%, 15%, 20%, 25%, 30%, 35%, 40%.. 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, H1% or 93% of S-oxprenolol. in some embodiments, the
composition comprises an enantiomeric excess of at least about 90%, 91%, 92%, 93%, 94%,
95%. 96%, Y7%, 98%, or 99% of S-oxprenolol. in some embodiments, the composition
comprises an enantiomeric excess of at least about 90%, 95%, 98%, 99%, or 100%. up to the
detectable limit of purity, of S-oxprenolol. In some embodiments, the composition comprises

an enantiomeric excess of any of about 1-4%, 5-9%, 10-11%, 20-29%, 30-39%, 40-49%, 50-
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59%. 60-69%. 70-79%. 80-89%. 90-99, or 100% of S-oxprenaiol. In some embodiments, the
composition comprises an enantiomeric excess of at least about 99% or 100%: of S-
oxprenolol {i.e., pure S-oxprenolol). In some embodiments, the composition comprises an
enantiomeric excess of at least 99.1,69.2,99.3,99.4, 99.5, 99.6, 99.7, 99.8, 99.9 or 100% of
S-oxprenolol (ie., pure S-oxprenolol). Methods of making caantiomerically enriched
compositions of oxprenolol are known in the art.

[0130] Two main routes are established for obtaining enantiomerically enriched
compounds: (1} asymmetric syntheses and (2) racemic resolutions. (R. A. Sheldon: The
Industrial Synthesis of Optically Active Compounds, in Miklés Simonyi (editor), Problems
and Wonders if Chiral Molecules, Akadémiai Kiado, Budapest. 1990, S. 349-386). The
syntheses give medium-high yiclds and excellent cnantiomeric excess, but the resolutions arc
limited by 50% yield. Both technologies involve techniques such as dynamic kinetic
resolution (DKR) and membrane-based extraction (Augustian J et al., Process Biochemistry
Volume 45, Issue 10, October 2010, Pages 1587--1604). One method describes enantiomer
enrichment of oxprenolol up to 68 % enantiomeric excess was achieved by using a cellulose
tris(3,5-dimethylphenylcatbamate) (CTPC)-coated rayon-belt. (Yashima E. et al..
Tetrahedron: Asymmetry Volume 6. Issue 8, August 1995, Pages 1889--1890).

[0131] The compositions deseribed herein in some embodiments are present in
pharmaceutical compositions. The pharmaceutical compositions may further comprise cne ox
more pharmacentically acceptable carrier (or excipienis). A pharmacentically-acceptable
excipient is a substance that is pon-toxic and otherwise biologically suitable for
administration to a subject. Such excipicats facilitate administration of the compounds
described herein and are compatible with the active ingredient. Examples of
pharmaceutically-acceptable excipients include stabilizers, labricants, surfuctants, diluents,
anti-oxidants, binders, coloring agents, bulking agents, emulsifiers, or taste-modifying agents.
In some embodiments, the pharmaceutical composition is sterile.

{0132} Also provided here are unit dosage forms comprising a pharmaceutical
compositions described herein. These unit dosage forms can be stored in a suitable packaging
in single or multiple unit dosages and may also be further sterilized and sealed. Unit dosage
forms can be provided, for example, in the form of tablets, capsules, vials, and any other
forms described herein.

[0133] In some embodiments, there is provided a composition (such as a
pharmaceutical composition, for examnple a unit dosage) comprising oxprenolol or a

pharmaceutically acceptable salt thereof, wherein the composition is enantiomerically
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enriched for S-oxprenolol (for example comprising an enantiomeric excess of at least about
99% of S-oxprenolol), wherein the amount of S-oxprenolol in the composition (such as
pharmaceutical composition) is included in any of the following ranges: about § to about 10
mg, about 10 to about 20 mg, about 20 to about 30 mg, about 30 to about 40 mg, about 40 to
about 50 mg, about 50 to about 60 rag, about 60 10 about 70 mg. about 70 to about 80 g,
about 80 to about 90 mg, about 90 to about 100 mg, about 100 to about 110 mg, about 110 to
about 120 mg, about 120 to about 130 mg, about 130 to about 140 mg, about 140 to about
150 mg, about 150 to about 160 mg. In some embodiments, the amount of S-oxprenolol in
the composition is about 20 to about 160 1ng, including for example about 50 to about 150
mg, 80 to about 150 mg, about 90 to abouwt 140 mg, about 100 to about 120 mg. In some
embodiments, the composition is suitable for oral administration.

(0134} In some embodiments, the composition is provided in a stow release fori.
For example, oxprenolol can be administered in slow release form. (Eur J Drug Metab
Pharmacokinet. 1998 Apr-Jun;23(2): 178-84; Bennett PN, Benaett J, Bradbrook 1, Francis J,
John VA, Rogers H, Turner P, Warrington SJ. Br J Clin Pharmucol. 1985:19 Suppl 2:1715-
1758S; and Woods KL, Jack DB, Kendail MJ, Halsey A, O'Donnell ML, Warrington SJ, John
VA. BrJ Clin Pharmacol. 1985;19 Suppt 2:1775-184S8.)

[@135] Also provided are articles of manufacture comprising the compositions.
formulations, ard unit dosages described herein in suitable packaging for use in the methods
of treatment, methods of administration, and dosage regimens described herein. Suitable
packaging for compositions described herein are known in the art, and include, for example,
vial (such as sealed vials), vessels (such as sealed vessels). ammpules, bottles, jars, flexible
packaging (e.g.. sealed Mylac or plastic bags), and the like. These articles of manufacture

may further be sterilized and/or sealed.

Dosages and Administration Route

[0136] The dosage of the compositions described berein adminisiered (o an individual
(such as a human) may vary with the particular composition, the methad of administration,
and the particular stage of cancer. The amount should be sufficient to produce a desirable
response, such a8 a therapeutic or prophylactic response against cancer. In some
embodiments, the amount of the composition is a therapeutically effective amount. In some
embodiments. that amount of the composition is a prophylactically effective amount. In some
embodiments, the amount of total oxprenolol in the composition is below the level that

induces a toxicological effect (i.e., an effect above a clinically acceptable level of toxicity) or
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is at a level where a potential side effect can be controlled or tolerated when the composition
is administered to the individual.

[0137] In some embodiments, the amount of S-oxprenolol in the composition is
included in any of the following ranges: about 0.5 to ahout 5 mg, about 5 to about 10 mg,
about 10 to about IS mg, about 15 to about 20 my, about 20 to about 25 ing, about 20 to
about 50 mg, about 25 to about 50 mg, about 50 to about 75 mg, about 50 to about 100 mg,
about 75 to about 100 mg, about 100 to about 125 mg, about 125 to about 150 mg, about 150
to about 175 mg, about 175 to about 200 mg. In some embodiments, the amount of S-
oxprenolol in the corposition is included in any of the following ranges: about 5 to about 10
mg, about 10 to about 20 mg, about 20 to about 30 mg. about 30 to about 40 mg, about 40 1o
abont 50 mg, about 50 to about 60 mg, about 60 to about 70 mg, about 70 to about 80 mg,
about 80 to about 30 mg, about 90 to about 100 mg, about 100 to about 110 mg, about 110 to
about 120 mg, about 120} to about 130 mg, about 130 to about 140 mg, about 140 to about
150 mg, about 150 to about [60 mg. In some embodiments, the amount of S-oxprenolol in
the composition is about 20 to about 160 mg. including for example about 50 to about 130
mg, 80 to about 150 mg, about 90 to about 140 mg, about 100 to about 120 mg.

{0138] In some embodiments, the amount of S-oxprenolol in the composition
includes at Jeast about any of 0.1 mg/kg, 0.5 mg/kg. t mgrkg, 2.5 mgkg, 5 mg/kg. 7.5 mg/kg,
10 mg/kg, 15 mg/kg, or 20 mgskg. In some embodiments, the arsount of $-oxprenolol in the
composition includes less than about any of 35 mg/kg, 30 mg/ke, 25 mg/kg. 20 mg/kg, 15
mgske, [0 mg/ke, 5 meske. 2.5 mg/kg, 2 me/ke, | mg/kg, 0.5 mg/ke. or 0.1 mg/kg.

[0139] Exemplary dosing frequencies include, but are sot limited to, weekly without
break; weekly, three out of four weeks; once every three weeks; once every two weeks;
weekly, two out of three weeks. In some embodiments, the cormaposition is administered about
once every 2 weeks, once every 3 weeks, once every 4 weeks, once every 6 weeks, or once
every 8 weeks. In some embodiments, the composition is administered at least about any of
1x, 2%, 3x, 4%, 5%, 6%, or 7X (i.e., daily) a week. In some embodiments, the intervals between
each administration are less than about any of 6 months, 3 months, | month. 20 days, 15,
days, 12 days, 10 days, 9 days, 8 days, 7 days, 6 days, 5 days, 4 days, 3 days, 2 days, or 1
day. In some embodiments, the intervals between each administration are more than about
any of 1 month, 2 months. 3 months, 4 months, 5 months, 6 months, 8 months, or 12 months.
In some cmbodiments, there is no break in the dosing schedule. In some embodiments, the
interval between each administration is no more than about a week. In some embodiments,

the composition is administered daily. In some embodiments, the composition is
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administered twice daily. In sorme embodiments, the composition is administered at least
once (such as at least any of 2x, 3x, or 4x) daily.

[0140] The administration of the composition can be extended over an extended
period ot time, such as from about a month up to about scven vears or life-long. In some
embodiments, the composition is administered aver a period of at least about any of 2, 3, 4, 5,
6,7,8.9,10, 11, 12, 18, 24, 30, 36, 48, 60, 72, or 84 months or life-long. In some
embodiments, the composition is administered over a period of at least one month, wherein
the interval between each administration is no more than about a week.

[0141] The compositions described herein can be administered to an individual (such
as human) via various routes, including, for example, intravenous, intra-arterial,
intraperitoneal, intraportal, intrapulmonary, oral. inhalation, intravesicular, intramuscular,
intra-tracheal, subcutaneous, intraocular, intrathecal, transmucosal, and transdermal. In some
embodiments, sustained continuous release formulation of the composition may be used.

[0142] Once improvement of the patient’s disease has occuorred, the dose may be
adjusted for preventative or maintenance treatment. For example, the dosage or the
frequency of admimistration, or both, may be reduced as a function of the symptoms, to a
level at which the desired therapeutic or prophylactic effect is maintained. Of course, if
symptoms have been alleviated to an appropriate level, treatment may ceasc. Paticots may,
however, require intermittent treatment on a long-term basis upon any recurrence of

symptoms. Patients may also require chronic treatment on a long-term busis.

Pharmaceutical Formulations and Administration

[0143]  The pharmaceutical compositions described herein may be formulated as
solutions, emulsions, suspensions, dispersions, or inclusion complexes such as cyclodextrins
in suitable pharmaceutical solvents or carriers, or as pills, tablets, lozenges, suppositories,
sachets, dragees, granules, powders, powders for reconstitution, or capsules along with solid
carriers according to conventional methods known in the art for preparation of various dosage
forms. Pharmaceutical compositions of the embodiments may be administered by a suitable
route of delivery, such as oral, parenteral, rectal, nasal, topical, or ocular routes, or by
inhalation. Preferably, the compositions are formulated for intravenous or oral
administration.

{0144] For oral administration, the compositions may be provided in a solid form,
such as a tablet or capsule, or as a solution, emulsion, or suspension. Oral tablets may

include the active ingredieni(s) mixed with compatible pharmacentically acceptable

41



CA 02906196 2015-09-14

excipients such as diluents, disintegrating agents, binding agents, lubricating agents,
sweetening agents, flavoring agents, coloring agents and preservative agents. Suitable inert
fillers include sodium and calcium carbonate. sodium and calciom phosphate, lactose, starch,
sugar, glucose, methyl cellulose, magnesium stearate, mannitol, sorhitol, and the like.
Exemplary liquid oral excipients include ethanol, glycerol, water, and the like. Starch,
polyvinyl-pyrrolidone (PVP), sodium starch glycolate, microcrystalline cellulose, and alginic
acid are exemplary disintegrating agents. Binding agents may include starch and gelatin,

The lubricating agent, if present, may be magnesium stearate, stearic acid, or tale. If desired,
the tablets may be coated with a material such as glyceryl monostearate or glycery! distcarate
to delay absorption in the gastrointestinal tract, or may be coated with an enteric coating. The
oral formulations may be presented as discrete units such as capsules, cachets or tablets, each
containing a predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water
liquid emulsion or a water-in-oil liquid emulsion. The active ingredient may also be presented
as a bolus, electnary or paste.

[0145] Capsules for oral administration include hard and soft gelatin capsules. To
prepare hard gelatin capsules, active ingredient(s) may be mixed with a solid, semi-solid, or
Hiquid diluent. Soft gelatin capsuies may be prepared by mixing the active ingredient with
waiter, an oil such as peanut 03l or ofive oil, liquid paraffin, a mixture of mono and di-
glycerides of short chaig fatty acids, polyethylene glycot 400, or propylene glycol.

[0146] A tablet may be made by compression or moulding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machiue the active ingredient in a free-flowing form such as a powder or granules,
optionally mixed with a binder (e.g., povidone, gelatin, hydroxypropylmethy! cellulose),
lubricant, inest diluent, preservative, disintegrant (eg sodinm starch glycolate, cross-tinked
povidone, cross-linked sodium carboxymethyl cellulose), surface-active or dispersing agent.
Moulded tablets may be made by moulding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may optionally be coated or
scored and may be formulated s0 as to provide slow or controiled release of the active
ingredicnt therein using, for example, hydroxypropylmethylceliulose in varying proportions
to provide desired release profile.

{0147] Liquids for oral administration may be in the form of suspensions, solutions,
emulsions, or syrups, or may be lyophilized or presented as a dry product for reconstitotion

with water or other suitable vehicle before use. Such liquid compositions may optionally
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contain: pharmaceutically-acceptable excipients such as suspending agents (for example,
sorbitol, methyl cellulose. sodium alginate, gelatin, hydroxyethylcellulose,
carboxyethylceltulose, aluminuim stearate gel and the like): non-aqueous vehicles, e.g., oil
(for example, almond oil or fractionated coconut oil), propylene glycol, ethyl alcohol, or
water; preservatives {(for example, methyl or propyl p-hydroxybenzoute or sorbic acid);
wetting agents such as lecithin; and, if desired, flavoring or coloring agents.

[0148] For parenteral use, including intravenous, intramuscular, intraperitoneal,
intranasal, or subcutaneous routes, the compositions may be provided in sterile aqueous
solutions or suspensions, buffered to an appropriate pH and isotonicity or in parenterally
acceptable oil. Suilable aqueous vehicles include Ringer's solution and isotonic sodium
chloride. Such forms may be presented in unit-dose form such as ampoules or disposable
injection devices, in multi-dose forms such as vials from which the appropriate dose may be
withdrawn, or in a solid form or pre-concentrate that can be used to prepare an injectable
formulation. Formulations suitable for parenteral including intravenous administration
include aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats and solutes which render the formulation isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may inclade
suspending agents and thickening agents. The formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and vials, and may be stored in a freeze-
dried (lyophilised) condition requiring only the addition of the sterile liquid carrier, for
example water for injections, immediately prior to use. Extemporaneous injection solutions
and suspensions may be prepared {rom sterile powders, granules and tablets of the kind
previously described.

[0149} Preferred unit dosage formulations are those containing a daily dose or unit,

daily sub-dose or an appropriate fraction thereof, of an active ingredient.

Drug Combinations

{0156] The methods of the embodiments comprise administering an effective amount
of at least one compound of the embadiments; optionally the compound may be administered
in combination with one or more additional therapeutic agents, particularly therapeutic agents
known to be useful for treating a cancer aftlicting the subject.

[01513 The additional active ingredients may be administered in a separate
pharmaceutical compasition from a compound of the embodiments or may be included with a

compound of the embodirments in a single pharmaceutical composition. The additional active
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ingredients may be administered simultancousty with. prior to, or after administration of a
compound of the embodiments.

[0152] In certain embodiments, the additional therapeutic agent is selected from Lhe
group consisting ofprogestins, corticosteroids, metoclopramide, cannabinoids, thalidomide,
melatonin, clenbuterol, anabolic steroids, omega 3 faity acids, NSAIDs, beta-blocking agents,
SHT-modulating agents, SARMs, ghrelin, growth hormone, IGF-1, myostatin antibody,
activin receptor antagonist, and agents which inhibit the renin-angiotensin systems (such as

renin inhibitor, ACE inhibitors, and angiotensin receptor antagonists).

Kits

f0153]  The present application also provides kits, medicines, compositions, and unit
dosage forms for use in any of the methods described herein.

[0154] Kits provided herein include one or more containers comprising any one ol the
compositions described herein and/or other ageat(s}, and in some embodiments, further
comprise instructions for use in accordance with any of the methods described herein. The
kit may further comprise a description of selection of individual suitable for treatment.
Instructions supplied in the kits of the invention are typically written instructions on a label or
package insert (e.g.. a paper sheet included in the kit), bul machine-readable instructions
{e.g., instructions carried on a magnetic or optical storage disk) arc alse acceptable.

[0155]  For example, in some embodiments, the kit corprises a) a composition
comprising oxprenolol or a pharmacentically acceptable salt thereof and a pharmaccutically
acceptable carrier, wherein the composition is enantiomerically eariched for S-oxprenolol,
and b) instructions for administering the composition for treatment of cancer (such as liver
cancer).

[0156] The kits of the invention are in suitable packaging. Suitable packaging
include, but is not limited to, vials, bottles, jars, tlexible packaging (c.g., seled Mylar or
plastic bags), and the like. Kifs may optionally provide additional components such as
bufters and interpretative information. The present application thus also provides articles of
manufacture, which include vials (such as sealed vials), bottles, jarg, flexible packaging. and
the like.

{0157] The instructions relating to the use of the compositions generally include
information as to dosage, dosing schedule, and route of administration for the intended
treatment. The containers may be unit doses, bulk packages (e.g., multi-dose packages) or

sub-unit doses. For example, kits may be provided that contain sufficient dosages of S-
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oxprenolol as disclosed herein to provide effective teeatment of an individual for an extended
period, such as any of a week, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days. 2 weeks, 3
weeks, 4 weeks, 6 weeks, 8 weeks, 3 months. 4 months, 5 months, 7 months. 8 months, 9
months, or more. Kits may also include multipie unit doses of the pharmaceutical
corupositions and instructions for use and packaged in quantities sufficient for storage and
use in pharmacies, for example, hospital pharmacies and compounding pharmacies.

[0158] Also provided are medicines, compositions, and unit dosage forms useful for
the methods described herein. For example, the present disclosure provides, in some
embodiments, a composition compiising S-oxprenolol for treating cancer in an individual
having cancer. The present disclosure provides, in some embodiments, a composition
comprising S-oxprenolol for prolonging survival of an individual having cancer. The present
disclosure provides. in some cmbodiments, a composition comprising S-oxprenolol for
preventing body weight loss of an individual having cancer.

[0159] For example, the present disclosure provides, in some embodiments, a
composition comprising S-oxprenolol for the manufacture of a medicament for treating
cancer in an individual baving cancer. The present disclosure provides, in some
embodiments, a composition comprising S-oxprenolol for the manufacture of a medicament
for prolonging survival of an individual having cancer. The present disclosure provides, in
some embodiments, a composition comprising S-oxprenolol for the manufacture of a
medicament for preventing body weight loss of an individuat having cancer.

{0160} Those skilled in the art will recognize that several embodiments are possible
within the scope and spirit of this invention. The invention will now be described in greater
detail by reference 1o the following non-limiting examples. The following examples further
illusteate the inveation but, of course, should pot be construed as in any way limiting its

scope.

Examples
Example . Synthesis of S-Oxprenolol

[0161] The svnthesis of S-oxprenolol is shown in Scheme 1.
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Scheme |
Preparation of 2-(allyloxy)phenol
[0162] To a solutien of catechol (1) (40.0 g, 0.364 mol) in acetone (160 mL) was

added potassiuvm carbonate (50.0 g, 0.363 mol) portion-wise at room temperature, over a

period of 30 minutes. After the addition was complete the mixture was stirred at room
temperature for 1 hour. Allyl bromide (31.0 mL, 0.358 mol) was then added over a period of
30 minutes, and the reaction heated to 60-70 °C for 6 hours. The reaction was allowed to
cool, then water and ethyl acetate were added and the mixture was separated. The organic
layer was dried (MgSO,) and the solvent evaporated to give 2-(allyloxy)phenol, (2) (46.2 g)
as 4 7:3 mixture of mono and bis alkylated material.

[0163] "H NMR (300 MHz, CDCl3) 6 6.93-6.77 (m, 4H), 6.05 (m, 1H), 5.41 (dd, IH),
5.30 (m, 1H), 4.61 (d, 2H). LCMS: Rt 0.70 min, [M+H]" 148.9, 70%.
Preparation of S-oxprenolol

[0164] CsF (22.8 g, 0.150 mol} was added to a solution of 2-(allyloxy)phenol (7.50 g,
0.050 mol) in DMF (100 mL) und stirred for 1 hour at room temperature. (S)-Glycidyl

nosylate (13.0 g, 0.050 mol) was added and the reaction stirred for 72 hours at room
temperature, then added dropwise 1o 'PeNH, (97 mb. 1.26 mol) and stirred overnight, The
reaction mixtwe was diluted with EtOAc (150 ml.) and water (200 mL) and the sohids
removed by filiration. The phases were separated and the organic layer washed with water
(100 mi.), then brine (100 ml.), dried over Mg504 and concentrated. Pugification by column
chromatography (5-10% MeOH/DCM then 5% (17% NHi/MeOH) in DCM) gave (8)-
oxprenolol (4.67 g, 20%) as « brown solid.

[0165] "H NMR (300 MHz, CDCly) 5 6.92-6.89 (m, 2H), 6.82-6.79 {m, 2H), 5.99 (m,
1H), 5.37 (d, 1H), 5.21 (d, 1H), 4.87 (brs, 1H), 4.51 (d, 2H), 3.85 (d, 2H), 3.80 (m, 1H),
2.69-2.61 (m, 2H), 2.47 (m, tH), 1.48 (brs, 1H), 0.93 (d, GH).

[0166]  LCMS: Rt 1.78 min, [M+H1266.1, 100%.

Example 2, Synthesis of R-Oxprenolol

[0167] The synthesis of S-oxprenolol is shown in Scheme 2.
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Scheme 2
Preparation of R-oxprenolol
[0168] CsF (2.95 g, 194 mamol) and KxCOs (17.3 g, 125 mmol) were added to a
solution of 2-(allytoxy)phenol (14.4 g, 96.2 mmotl) in DMF (250 mL) and stirred for 30

minutes al room temperature, (R)-Glycidy! nosylate (25.0 g, 96.4 mmol) was added and the
reaction stirred for 48 hours at room temperature. iPrNHy (190 mL. 2.21 mol) was added in
one portion and the reaction stirred for 72 hours. The reaction mixture was diluted with
water {1.0 L) and extracted with EtOAc (3 x 300 mL). The combined organics were washed
with HCL (2.0 M, 3 x 300 mL). The aqueous Jayer was pH adjusted to pH 12 with NaOH (2.0
M) and extracted into EtOAc (2 x 500 mL). This was washed with 1:1 water/brine {3 x 500
niL). then with brine (500 mL). dricd over Na,S04 and concentrated. The crude sotid was
triturated {rom heptanes, filtered and dried under vacuum at 40 "C overnight to give (R)-
oxprenolol (24.5 g, 69%) as a brown solid.

[01691  'H NMR (300 MHz, CDCla) 6 6.92-6.89 {m, 2H), 6.82-6.79 {m, 2H), 5.99 (m,
1H). 5.37 (d, 1H), 5.21 (d. 1H). 487 (brs, 1H), 4.51 {d, 2H), 3.85 (d, 2H), 3.80 (m. 1H),
2.69-2.61 {m, 2H), 2.47 (m, 1H), 1.48 (brs, 1H), .93 (d. 6H).

[0176]  LCMS: Rt 1.79 min, [M+H]' 266.1, 99%.

Example 3. Study Protocol with Yoshida Hepatoma Model

[0171] Ascites hepatoma Yoshida AH-130 cells ( 108 cells) were inoculated into about
200 gram male Wistar rats by i.p. injection. Alternatively animals received saline injection
only (sham). The day after inoculation animals were randommized into various groups and
then reccived twice daily treatment with either placebo or varions test compositions by oral
gavage over a peniod of up to 17 days. The primary endpoints of the study included
assessment of body weight, body composition (with and without tumor), and survival. Body
composition was monitored by NMR. Echocardiography was used in instances to monitor
condition of the heart. Qrgan weight was assessed at the end of the study (or after death) as a
secondary endpoint. In addition, locomotor activity and food intake were also assessed.
Figure | provides a diagram showing the design study. R-and S-oxprenolol were
manufactured to order by Peakdale Molecular, Peakdale Science Park, Sheffield Road.
Chapel-en-le-Frith, High Peak SK23 0PG, UK

Example 4. Effect of S-Oxprenolol or R-Oxprenolol on Survival
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[0172] To study the effect of S-oxprenolol and R-oxprenolol on survival, survival was
monitored over time. Figure 2 shows the percent survival of rats that were administered with
S-oxprenolol or R-oxprenolol at dosages of 25 mg/kg/day or 50 mgrkgiday. As shown in
Figure 2, rats receiving S-oxprenolol had longer survival than thosc in the placeo group or
those receiving R-oxprenolol. Rats receiving R-oxprenolol did not show statistically
si gnificaﬂi improvement on survival over those in the placebo group.

[0173] Figure 3 shows the percent survival of rats that were administered with S-
oxprenolol or a racemic mixture of oxprenolol at dosages of 20 mg/kg/day and 40 mg/kg/day
respectively, Because the racemic mixture contains 50% of S-oxprenolol and 50% of R~
oxprenolol, the effective amount of S-oxprenoiol in each composition was the same. As
shown in Figure 3, rats receiving S-oxprenolol had longer survival than those receiving the
racemic mixture, even though the effective amount of S-oxprenclol in each composition was
the same.

[0174] Figure 4 shows the percent survival of rats that were administered with S-
oxprenolol at dosages of 12.5. 25, 50, 70, or 100 mg/kg/day. One control group received S-
pindolol at its preferred dosage of 3 mg/kg/day. Figure 5 further shows the percent survival
of rats that were administered with S-oxprenolol at dosages of 5, 12.5, 23, or 50 mg/kg/day.
As shown in botb Figures 4 and 5, 50 mg/kg/day S-oxprenolol had the hest effect on survival
among all dosages tested, Furthermore, as shown in Figure 4, S-oxprenolol was significantly
supertior 1o either placebo or S-pindolof at its preferred dose.

{0175] \ Figure 6 shows the percent survival of rats that were adninistered with R-
oxprenolol at dosages of 5, 12.5, 25, or SO mg/kg/day. As showa in Figure 6, no statistically
significant survival benefit over placebo was observed in rats administered with R-

oxprenolol.

Example 5. Lffect of S-Oxprenolol or R-Oxprenolol on Body Weight

[0176] To study the effect of the test compounds on body weight, body weight was
monitored over time. The sham body weight was 71.6£1.8 p.

[0177] Figure 7 shows the change of body weight (in grams) in rats administered with
S-oxprenolol or R-oxprenolol at dosage of 5, 12.5, 25, or 50 mg/kg/day. As shown m Figure
7, rats receiving S-oxprenolol had less body weight loss than those in the placebo group and
those administered with R-oxprenolol.

[0178]  Figure 8 shows the change in body weight {in grams) of rat populations that

were administered with S-oxprenolol or a racemic mixture of oxprenolol at dosages of 20
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mg/kg/day and 40 mg/kg/day respectively. Because the racemic mixture contains 30% of S-
oxprenolol and 50% of R-oxprenolol. the effective amount of S-oxprenolol in each
composilion was the sume. As shown in Figure 8, rats receiving S-oxprenolol had less body
weight loss than those receiving the racemic mixture, even thongh the effective amount of §-
oxprenulol in each composition was the same.

[0179] Figure 9 shows the change in body weight (in grams} of rats that were
administered with S-oxprenolol at dosages of 12.5, 25, 50, 70, or 100 mg/kg/day. As shown
in Figure 9, rats receiving 50 mg/kg/day or 100 mg/kg/day of the S-oxprenolol had the least

body weight loss.

Example 6. Effects of S-Oxprenolol or R~Oxprenolol on Preserving Lean Body Mass

[6180] To study the effect of the test compounds on lean body mass, lean mass was
determined at the end of the study. The sham lean body mass was 48.6+1.5 grams.

[6181] Figure 10 shows the change in lean body mass (in grams) of rats that were
administered with S-oxprenolol or R-oxprenolol at dosages of 5. 12.5, 25, or 50 mg/kg/day.
As shown in Figure 10, rats receiving S-oxprenclol at doses of 12.5 mg/kg/day or higher had
less change in lean body mass than those receiving R-oxprenolol.

10182 Figure 1A shows the change in lean body mass (in grams) of rats that were
administered with S-oxprenolol or a racemic mixture of oxprenolal at dosages of 20
mg/kg/day and 40 mg/kgiday respectively. kBecause the racemic mixture contains 50% of S-
oxprenolol and 50% of R-oxprenolol, the effective wnount of S-oxprenolol in each
composition was the same. As shown in Figure 11A, rats receiving S-oxprenolol had less
change o lean body weight than those receiving the racemic mixture, even though the
effective amount of S-oxprenclol 1o each composition was the same.

10183} To take into account the fact that more lean body mass loss is observed in rats
that live loager. the results in Figure | 1A was further shown in Figure 1B in terms of lean
body weight mass/days alive. As shown in Figure 11B, even after taking the days alive into
account, rats receiving S-oxprenolol had less change in lean body mass than those receiving
the racemic mixture.

[0184] Figure [2A shows the change in lean body mass (in grams) of rats
administered with S-oxprenolol at dosages of 12.5. 25, 50, 70. or 100 mg/kg/day. One
controf group received S-pindelol at its preferred dosage of 3 mg/kg/day. As shown in Figure
12A, rats receiving 100 mg/ke/day of S-oxprenclol had the least change in lean body muass

compared to rats receiving other doses S-oxprenolfol. To take into account the fact that more
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lean body mass loss is observed in rats that live longer, the results in Figure 12A was further
shown in Figure 12B in terms of lean body weight mass/days alive. As shown in Figure 12B,
rats receiving 100 mg/kgr/day of S-oxprenolol had the least change in lean body mass/days

alive compared to rats receiving other doses S-oxprenolol.

Example 7. Effects of 5-Oxprenolol and R-Oxprenolol on Skeletal Muscle Atraphy and
Heart Weight

[0185] To study the effect of the test compounds on skeletal muscle atrophy and heart
weight, the skeletal muscle mass and heart weight were determined at the end of the study.

[0186] Figures 13A-13D show the mass of various types of skeletal muscle (in
grams/100 grams lean muscic) of rat populations that were administered with S-oxprenolol or
R-oxprenolol at the dosages of 5, 12.5, 25, or 50 mg/kg/day. Figure 13A shows results for
gastrocnemius muscle. Figure 13B shows results for tibialis anterior muscle. Figure 13C
shows results for soleus muscle. Figure 13D shows results for extensor digitorum longps
(EDL) muscle. Figures 13A-13D show that S-oxprenolol reduces wasting of individual hind
linth muscles independent of their coraposition of slow and fast twitch muscle fibers (mixed
fiber type: gastrocnemius and tibialis; sfow fiber type: soleus; fast fiber type: EDL). R-
oxprenolol does not have this protective effect. A higher muscle raass is associated with

better muscle function,

Example 8. Effects of S-Oxprenolol and R-Oxprenolol on Preserving Fat Mass

[0187] To study the effect of the test compounds on fat mass, the fai mass were
determined at the end of the study.

[0188] Figure 14 shows the change in fat mass (in grams) of rats administered with S-
oxprenolol or R-oxprenolol at dosages ot'5, 12.5, 25, or 50 mg/kg/day. As shown in Figure
14, rats receiving S-oxprenolol at (2.5 mg/kg/day or higher had less fat mass loss than those
in the placebo group or those receiving R-oxprenotol.

{0189] Figure 15A shows the weight of white adipose tissue (WAT) (in grams) of rats
administered with S-oxprenclol or R-oxprenolol at dosages of 3, 12.5, 25, or 50 mg/kg/day.
As shown in Figure 15A, S-oxprenolol had better effects in reducing fat wasting than R-
vxprenolol.

[0190] Figure 15B shows the weight of brown adipose tissue (BAT) (in grams) of rats

administered with S-oxprenolof or R-oxprenolol al dosages of 5, 12.5, 25, or 50 mg/kg/day.
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As shown in Figure 158, both enantiomers of oxprenolol protect BAT mass and thus treated
rats retained better control of thenmogenesis.

[0191] Figure 160A shows the weight of white adipose tissue (WAT) (in grains) of rats
administered with S-oxprenolol or a racemic mixture of oxprenoiol at dosages of 20
mg/kg/day or 40 mg/kgklay respectively. Because the racemic mixture contains 50% of S-
oxprenolol and 50% of R-oxprenolol. the effective amount of S-oxprenolol in each
composition was the same. As shown in Figure 16A, rats receiving S-oxprenolol had
significantly better effect in preserving the white adipose tissue than those receiving the
racemic mixture, even though the even though the effective amount of S-oxprenolol in each
composition was the same.

[0192] Figure 16B shows the weight of brown adipose tissue (BAT) (in grams) of rats
administered with S-oxprenolol or a racemic mixture of oxprenolol at dosages of 20
myg/kg/day and 40 mgfkg/day respectively. Because the racemic mixture contains 50% of S-
oxprenalol and 50% of R-oxprenolol, the effective amount of S-oxprenolol in each
composition was the sume. As shown in [igure 16B, rats receiving S-oxprenolol had better
effect in preserving the brown adipose tissue than those receiving the racemic mixture, even
though the even though the effective amount of S-oxprenolol in each composition was the

same.

Example 9. Effect of S-Oxprenolol or R-Oxprenolol on Quality of Life

[0193] To study the effect of the test compounds on quality of life, parameters of
guality of life such as food intake and locomotor activity were assessed at Day 11.

{0194] Figure 17 shows food intake of rats administered with S-oxprenolol or R-
oxprenolol at dosages of 5 mg/ka/day or 25 mg/kg/day. As shown in Figure 17, rats
receiving S-oxoprenclol or R-oxprenolol had higher food intake than those in the placebo
group, Rats receiving 25 mg/kg/day S-oxprenolol had higher food intake than those
receiving the same amount of R-oxprenolol.

[0195] Figure I8 shows the locomotor activity of rats administered with the S-
oxprenolol or R-oxprenolol at dosages of 5 mg/kg/day or 25 mg/kg/day. As shown in Figure
18, rats receiving S-oxoprenolol or R-oxprenclol had higher locomotive activity than those in
the placebo group. Rats receiving 25 mgfkg/day S-oxprenolol had higher locomotive activity

than those receiving the same amount of R-oxprenoiol.

Example 10. Effect of S-Oxprenolol or R-Oxprenolol on Tumor Growth
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[0196] To study the effect of the test compounds on tumor growth, tumor growth was
assessed at the end of the study.

[0197] Figure [19A shows the tumor volume {in ml) of rats administered with S-
oxprenolol or R-oxprenolol at dosages of 5, 12.5, 25, or 50 mg/kg/day. Figure 19B shows
the wwtal number of cells in a wnnor of rats administered with S-oxprenolol or R-oxprenolol at
dosages of 5, 12.5, 25, or 50 mg/kg/day. As shown in Figures 19A and 19B, rats receiving S-
oxprenclol or R-oxprenolol did not have any significant effects on tumor growth compared to
those in the placebo group.

{0198] The effect of the test compounds on tumor growth was also evaluated in an in
vitro experiment with various tumor cells, namely, Kelly (neuroblastoma), Hela-93 {cervix
carcinoma), and B16V (mclanoma). Cell growth was assessed by BrdU incorporation (left of
Figure 20) and XTT assay (right of Figure 20). Doxorubicin was used as a positive control.
As shown in Figure 20, neither S-oxprenolol nor R-oxprenolo! showed any inhibitor effects

on tumor cell proliferation.

Example 11. Effects af racemic mixture of S-oxprenolol and R-oxprenolol

[0199] The test compounds as mixtures of enantiomers in certain percentages were
tested on a population of rats.

{0200]  To study the effect of the test compounds as mixtores of enantiomers on body
weight, body weight was monitored over time. Figure 21 shows the change in body weight
(in grams) of rat populations that were administered with 75% S-oxprenolol/25% R-
oxprenvlol at dosages of 40 mg/kg/day; 90% S-oxpresolol/10% R-oxprenofol at dosages of
40 mg/kg/day; or placebo. As shown in Figure 21, rats receiving 75% S-oxprenolol/25% R-
oxprenolol or 90% S-oxprenolol/10% R-oxprenolof had less body weight Joss than those
receiving the placebo.

[0201] To study the effect of the test compounds as mixtures of enantiomers on lean
body mass, lean mass was determined at the end of the study. Figure 22A shows the change
in lean body mass {in grams) of rats that were administered with75% S-oxprenolol/25% R-
oxprenolol at dosages of 40 mg/kg/day; 90% S-oxprenolol/10% R-oxprenolol at dosages of
40 mg/kg/day; or placebo. As shown in Figure 22A, rats receiving75% S-oxprenolol/25% R-
oxprenolol or 90% S-oxprenolol/10% R-oxprenolol had less chunge in lean body mass than
those receiving placebo.

10202] To study the effect of the lest compounds as mixtures of enantiomers on fat

mass, the fat mass were determined at the end of the study. Figure 22B shows the change in
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fat mass (in grams) of rats administered with 75% S-oxprenolol/25% R-oxprenolol at dosages
of 40 mg/kg/day; 90% S-oxprenolol/10% R-oxprenolol at dosages of 40 mg/kg/day; or
placebo. As shown in Figure 22B, rats receiving 75% S-oxprenolol/25% R-oxprenolol or
90% S-oxprenolol/10% R-oxprenolol had tess fat mass loss than those receiving placebo.

[0203] To study the effect of the test compounds as mixtures of enastiomers on heart
weight, the heart weight was determined at the end of the study. Figure 23 shows the mass of
the heart (in milligrams) of rat populations that were administered with75% S-
oxprenolol/25% R-oxprenolol at dosages of40 mg/kg/day; 90% S-oxprenolol/10% R-
oxprenolol at dosages of 40 mg/kg/day; or placebo. As shown in Figure 23, rats receiving
75% S-oxprenolol/25% R-oxprenclol or 90% S-oxprenolol/10% R-oxprenolol had more heart
mass than thosc receiving placebo. A higher muscle mass is associated with better muscle
function.

{0204] To study the eftect of the test compounds as mixtures of enantiomers on fat
mass, the fat mass were determined at the end of the study. Figure 24 shows the weight of
brown adipose tissue (BAT) (in grams) of rats administered with75% S-oxprenolol/25% R-
oxprenolol at dosages of 40 mg/kg/day; 90% S-oxprenolol/10% R-oxprenolol at dosages of
40 mg/kg/day; or placebo. As shown in IFigure 24, rals receiving 75% S-oxprenolol/25% R-
oxprenolol or 90% S-oxprenolol/ 10% R-oxprenolol more brown adipose tissue and retained
better control of thermogenesis than those receiving placebo.

[0205] To study the effect of the test compounds as mixtures of enantiomers on
skeletal muscle atrophy, the skeletal muscle mass was determined at the end of the study.
Figure 25 show the mass of tibialis anterior muscle (in milligrams) of rat populations that
were administered with 75% S-oxprenolol/25% R-oxprenolo] at dosages of 40 mg/kg/day;
90% S-oxprenolol/10% R-oxprenolo] at dosages of 40 mg/kg/day; or placebo. A higher

muscle mass is associated with better muscle function.
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CLAIMS

1. A composition comprising oxprenolol or a pharmaceutically acceptable salt thercof
and a pharmaceutically acceptable carrier, for use in the treatment of liver cancer, wherein

the composition is enantiomerically enriched for S-oxprenolol.

2. The composition for use according to claim 1, wherein the composition is for use

in an individual having no symptom of cancer cachexia.

3. A composition comprising oxprenolol or a pharmaceutically acceptable salt thereof
and a pharmaceutically acceptable carrier, for use in the treatment of cancer, wherein the
composition is enantiomerically enriched for S-oxprenolol and wherein the use comprises
prolonging survival, preventing loss of body weight, improving quality of life and/or

preventing and treating muscle wasting.

4. The composition [or use according Lo claim 3, wherein the composition is [or use

in an individual having no symptom of cancer cachexia.

5. A composition comprising oxprenolol or a pharmaceutically acceptable salt thercof
and a pharmaceutically acceptable carrier, for use in the treatment of cancer cachexia,

wherein the composition is enantiomerically enriched for S-oxprenolol.

6. The composition for use according to any one of claims 3 to 5, wherein the cancer
is sclected from the group consisting of liver cancer, lung cancer, ovarian cancer,
pancreatic cancer, melanoma, brain cancer, gastric cancer, esophageal cancer, colorectal

cancer, head and neck cancer, and hematological malignancy.

7. The composition for use according to any one of claims 1 to 6, wherein the

composition comprises an enantiomeric excess of at least 10% of S-oxprenolol.

8. The composition for use according to any one of claims 1 to 7, wherein the cancer

is an early stage cancer.
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9. The composition for use according to any one of claims 1 to 7, wherein the cancer

is a late stage cancer.

10.  The composition for use according to any one of claims 1 to 9, wherein the

composition is formulated for oral administration.

11.  The composition for use according to any one of claims 1 to 10, wherein the

amount of S-oxprenolol in the composition is about 80 to about 160 mg.

12.  The composition for use according to any one of claims 1 to 11, wherein the

composition is formulated for administration daily or twice daily.

13. A kit comprising (1) a pharmaceutical composition comprising oxprenolol or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier,
wherein the composition is enantiomerically enriched for S-oxprenolol and (ii) instruction
for using the pharmaceutical composition [or treating a condition as deflined in any one ol

claims 1, 3 and 5.

14. A use of S-oxprenolol in an enantiomerically enriched form for treating liver
cancer.
15. The use of claim 14 wherein the S-oxprenolol in an enantiomerically enriched

form is for use in an individual having no symptom of cancer cachexia.
16. A use of S-oxprenolol in an enantiomerically enriched form for treating cancer,
wherein the use comprises prolonging survival, preventing loss of body weight, improving

quality of life and/or preventing and treating muscle wasting.

17.  The use of claim 16, wherein S-oxprenolol in an enantiomerically enriched form is

for use in an individual having no symptom of cancer cachexia.

18. A use of S-oxprenolol in an enantiomerically enriched form for treating cancer

cachexia.
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19.  The use of any one of claims 16 to 18 , wherein the cancer is selected from the
group consisting of liver cancer, lung cancer, ovarian cancer, pancreatic cancer,
melanoma, brain cancer, gastric cancer, esophageal cancer, colorectal cancer, head and

neck cancer, and hematological malignancy.

20.  The use of any one of claims 14 to 19, wherein the S-oxprenolol in an
enantiomerically enriched form comprises an enantiomeric excess of at least 10% of S-

oxprenolol.

21.  The use of any one of claims 14 to 20, wherein the cancer is an early stage cancer.

22.  The use of any one of claims 14 to 20, wherein the cancer is a late stage cancer.

23.  The use of any one of claims 14 to 22, wherein the S-oxprenolol in an

enantiomerically enriched form is formulated for oral administration.

24.  The use of any one of claims 14 to 23, wherein the S-oxprenolol in an

enantiomerically enriched form is used in amount of about 80 to about 160 mg daily.

25.  The use of any one of claims 14 to 23, wherein the S-oxprenolol in an

enantiomerically enriched form is formulated for administration daily or twice daily.

26. A use of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof and a pharmaceutically acceptable carrier, for the treatment of liver cancer,

wherein the composition is enantiomerically enriched for S-oxprenolol.

27.  The use according to claim 26, wherein the composition is for use for the treatment

of liver cancer in an individual having no symptom of cancer cachexia.

28. A usec of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof and a pharmaceutically acceptable carrier, for the treatment of cancer, wherein
the composition is enantiomerically enriched for S-oxprenolol and wherein the use
comprises prolonging survival, preventing loss of body weight, improving quality of life

and/or preventing and treating muscle wasting.
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29.  The use according to claim 28, wherein the composition is for use for the treatment

of cancer in an individual having no symptom of cancer cachexia.

30. A use of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof and a pharmaceutically acceptable carrier, for the treatment of cancer

cachexia, wherein the composition is enantiomerically enriched for S-oxprenolol.

31.  The use according to any one of claims 28 to 30, wherein the cancer is selected
from the group consisting of liver cancer, lung cancer, ovarian cancer, pancreatic cancer,
melanoma, brain cancer, gastric cancer, esophageal cancer, colorectal cancer, head and

neck cancer, and hematological malignancy.

32.  The use according to any one of claims 26 to 31, wherein the composition

comprises an enantiomeric excess of at least 10% of S-oxprenolol.

33.  The use according to any one of claims 26 to 32, wherein the cancer is an early

stage cancer.

34.  The use according to any one of claims 26 to 32, wherein the cancer is a late stage

cancer.

35.  The use according to any one of claims 26 to 34, wherein the composition is

formulated for oral administration.

36.  The use according to any one of claims 26 to 35, wherein the amount of S-

oxprenolol in the composition is about 80 to about 160 mg.

37.  The use according to any one of claims 26 to 36, wherein the composition is

formulated for administration daily or twice daily.

38. A use of a composition comprising oxprenolol or a pharmaceutically acceptable

salt thereof and a pharmaceutically acceptable carrier, for preparing a medicament for the
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treatment of liver cancer, wherein the composition is enantiomerically enriched for S-

oxprenolol.

39.  The use according to claim 38, wherein the composition is for preparing a
medicament for the treatment of liver cancer in an individual having no symptom of

cancer cachexia.

40. A use of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof and a pharmaceutically acceptable carrier, for preparing a medicament for the
treatment of cancer, wherein the composition is enantiomerically enriched for S-
oxprenolol and wherein the use comprises prolonging survival, preventing loss of body

weight, improving quality of life and/or preventing and treating muscle wasting.

41.  The use according to claim 40, wherein the composition is for preparing a
medicament for the treatment of cancer in an individual having no symptom of cancer

cachexia.

42. A use of a composition comprising oxprenolol or a pharmaceutically acceptable
salt thereof and a pharmaceutically acceptable carrier, for preparing a medicament for the
treatment of cancer cachexia, wherein the composition is enantiomerically enriched for S-

oxprenolol.

43.  The use according to any one of claims 40 to 42, wherein the cancer is selected
from the group consisting of liver cancer, lung cancer, ovarian cancer, pancreatic cancer,
melanoma, brain cancer, gastric cancer, esophageal cancer, colorectal cancer, head and

neck cancer, and hematological malignancy.

44.  The use according to any one of claims 38 to 43, wherein the composition

comprises an enantiomeric excess of at least 10% of S-oxprenolol.

45.  The use according to any one of claims 38 to 44, wherein the cancer is an early

stage cancer.
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46.  The use according to any one of claims 38 to 44, wherein the cancer is a late stage

cancer.

47.  The use according to any one of claims 38 to 46, wherein the composition is

formulated for oral administration.

48.  The use according to any one of claims 38 to 47, wherein the amount of S-

oxprenolol in the composition is about 80 to about 160 mg.

49.  The use according to any one of claims 38 to 48, wherein the composition is

formulated for administration daily or twice daily.

50. A use of S-oxprenolol in an enantiomerically enriched form for preparing a

medicament for treating liver cancer.

51. The use of claim 50 wherein the S-oxprenolol in an enantiomerically enriched

form is for use in an individual having no symptom of cancer cachexia.

52. A use of S-oxprenolol in an enantiomerically enriched form for preparing a
medicament for treating cancer, wherein the use comprises prolonging survival,
preventing loss of body weight, improving quality of life and/or preventing and treating

muscle wasting.

53.  The use of claim 52, wherein the S-oxprenolol in an enantiomerically enriched

form is for use in an individual having no symptom of cancer cachexia.

54. A use of S-oxprenolol in an enantiomerically enriched form for preparing a

medicament for treating cancer cachexia.

55.  The use of any one of claims 52 to 54, wherein the cancer is selected from the
group consisting of liver cancer, lung cancer, ovarian cancer, pancreatic cancer,
melanoma, brain cancer, gastric cancer, esophageal cancer, colorectal cancer, head and

neck cancer, and hematological malignancy.
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56.  The use of any one of claims 50 to 55, wherein the S-oxprenolol in an
enantiomerically enriched form comprises an enantiomeric excess of at least 10% of S-
oxprenolol.

57.  The use of any one of claims 50 to 56, wherein the cancer is an early stage cancer.

58.  The use of any one of claims 50 to 56, wherein the cancer is a late stage cancer.

59.  The use of any one of claims 50 to 58, wherein the S-oxprenolol in an

enantiomerically enriched form is formulated for oral administration.

60.  The use of any one of claims 50 to 59, wherein the S-oxprenolol in an

enantiomerically enriched form is used in amount of about 80 to about 160 mg daily.

61.  The use of any one of claims 50 to 59, wherein the S-oxprenolol in an

enantiomerically enriched form is formulated [or administration daily or twice daily.

62.  S-oxprenolol in an enantiomerically enriched form for use to treat liver cancer.

63. S-oxprenolol in an enantiomerically enriched form for use of claim 62 wherein the
S-oxprenolol in an enantiomerically enriched form is for use in an individual having no
symptom of cancer cachexia.

64. S-oxprenolol in an enantiomerically enriched form for use to treat cancer, wherein
the use comprises prolonging survival, preventing loss of body weight, improving quality
of life and/or preventing and treating muscle wasting.

65. S-oxprenolol in an enantiomerically enriched form for use of claim 64, wherein the
S-oxprenolol in an enantiomerically enriched form is for use in an individual having no

symptom of cancer cachexia.

66.  S-oxprenolol in an enantiomerically enriched form for use to treat cancer cachexia.
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67.  S-oxprenolol in an enantiomerically enriched form for use of any one of claims 64
to 66, wherein the cancer is selected from the group consisting of liver cancer, lung
cancer, ovarian cancer, pancreatic cancer, melanoma, brain cancer, gastric cancer,
esophageal cancer, colorectal cancer, head and neck cancer, and hematological

malignancy.

68.  S-oxprenolol in an enantiomerically enriched form for use of any one of claims 62
to 67, wherein the S-oxprenolol in an enantiomerically enriched form comprises an

enantiomeric excess of at least 10% of S-oxprenolol.

69.  S-oxprenolol in an enantiomerically enriched form for use of any one of claims 62

to 68, wherein the cancer is an early stage cancer.

70. S-oxprenolol in an enantiomerically enriched form for use of any one of claims 62

to 68, wherein the cancer is a late stage cancer.

71 S-oxprenolol in an enantiomerically enriched form for use of any one of claims 62
to 70, wherein the S-oxprenolol in an enantiomerically enriched form is formulated for

oral administration.

72. S-oxprenolol in an enantiomerically enriched form for use of any one of claims 62
to 71, wherein the S-oxprenolol in an enantiomerically enriched form is used in amount of

about 80 to about 160 mg daily.
73. S-oxprenolol in an enantiomerically enriched form for use of any one of claims 62

to 71, wherein the S-oxprenolol in an enantiomerically enriched form is formulated for

administration daily or twice daily.
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Figure 10
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Figure 12
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Figure 13
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