woO 20207264480 A1 | NI F000 0 KO0 0 00 00 0 000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
30 December 2020 (30.12.2020)

(10) International Publication Number

WO 2020/264480 A1l

WIPO I PCT

(51) International Patent Classification:
A61K 31/55 (2006.01) A61P 35/00 (2006.01)
A61K 39/395 (2006.01)

(21) International Application Number:
PCT/US2020/040075

(22) International Filing Date:
29 June 2020 (29.06.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/867,991 28 June 2019 (28.06.2019) UsS

(71) Applicant: THE JOHNS HOPKINS UNIVERSITY
[US/US], 3400 N. Charles Street, Baltimore, Maryland
21218 (US).

Inventors: SELARU, Florin M.; 13726 Lakeside Dr.,
Clarksville, Maryland 21029 (US). LI, Ling; 3126 Reming-
ton Ave., Baltimore, Maryland 21211 (US).

Agent: CONTRERA, Joseph; 1812 Ashland Avenue,
Suite 110, Baltimore, Maryland 21205 (US).

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

84

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: COMPOSITIONS AND METHODS OF TREATING LIVER CANCERS

(57) Abstract: Described herein are methods for treating liver tumors and

Yehirle 0
Gl

015 uM 0.3 vl 07ul

Lount

H((26-3

H(C28-3

HIC 40

oy

HOCS8 §

HEC652

H(C47-1

Pl

FiG. 6A

cancer in a subject comprising the steps of administering a suppressor of
protein translation to a subject in need thereof. Examples of liver cancer
include hepatocellular carcinoma (HCC), cholangiocarcinoma, or a com-
bination thereof. Examples of a suppressor of protein translation includes
omacetaxine mepusuccinate, and the methods include combinations with
other chemotherapeutic agents.
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COMPOSITIONS AND METHODS OF TREATING LIVER CANCERS

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/867,991, filed on June 28, 2019, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] Hepatocellular Carcinoma (HCC) is among the most frequent malignancy in
adults, with approximately 765,000 new cases as well as 800,000 global deaths each year -2,
The World Health Organization (WHO) estimates that by 2030, there will be a yearly death
rate of more than 1 million per year due to HCC. In the United States specifically, the death
rate due to HCC has seen a sharp increase of 43% over a span of only 16 years (2000-2016) 3.
Furthermore, HCC has a dismal survival of only 18% at 5 years from diagnosis *. This poor
survival makes HCC the second most lethal cancer 3. The only curative approach to HCC is
surgical - surgical resection or liver transplantation. Nonetheless, more than 70% of cases are
diagnosed at advanced stages, when curative surgery is not an option any longer * .
Moreover, approximately 70% of HCC patients suffer from recurrence and/or metastasis
within 5 years of surgical intervention °.

[0003] For advanced HCC, first line systemic chemotherapy agents sorafenib and
lenvantinib, as well as second line agents regorafenib, cabozantinib and ramucirumab achieve
fairly low response rates ®°. In the pivotal Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol (SHARP) trial, sorafenib extended the survival of HCC patients from a
median survival of 7.9 to 10.7 months °. In another trial, lenvatinib demonstrated non-
inferior efficacy when compared to sorafenib that allowed its approval ®. The development of
effective systemic therapies against HCC has been hindered, at least in part, by the lack of
accurate HCC models. Recent work demonstrated that three-dimensional (3D) human
primary patient derived organoids (PDO) accurately capture original HCC tissue architecture,
as well as maintain the genomic, epigenetic and molecular heterogeneity features of original
tumor source even after long-term expansions!®>. In addition, HCC PDOs can be utilized

for drug screening, as the inventors have done in previous studies!®- 13,
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[0004] Omacetaxine mepusuccinate (formerly known as homoharringtonine) a suppressor
of protein translation, is approved by the Food and Drug Agency (FDA) for
relapsed/refractory chronic or accelerated phase chronic myelogenous leukemia (CML), that
is resistant to two or more tyrosine kinase inhibitors (TKI) ?°. Unlike TKIs, omacetaxine
does not bind to BCR-ABL, and also is not affected by resistance inducing BCR-ABL
mutations 1°1°. Omacetaxine acts though blocking global protein synthesis, with a
disproportionate effect on those proteins, such as BCR-ABL, that have short half-lives and
depend on continuous protein synthesis 2°. The toxicity prolife for omacetaxine is favorable
at the FDA approved dosage. Main side effects include hematologic depletion
(thrombocytopenia, anemia, and neutropenia) and diarrhea, while infectious complications
occur in approximately 5% of patients 2!. Omacetaxine has therefore proven as a vital
therapeutics for CML and is currently investigated as single agent as well as part of multiple
drug combinations in other CML patient cohorts ?°. However, to date, omacetaxine is the

only agent in its class that has shown any clinical activity 2°.

SUMMARY OF THE INVENTION

[0005] Using the HCC PDO methods, the inventors have successfully identified
compounds for treating liver cancer cells or populations of cells.

[0006] In accordance with a first embodiment, the present invention provides a method
for treating a solid cancer or tumor in a subject comprising the steps of administering to the
subject an effective amount of a suppressor of protein translation to the subject.

[0007] In accordance with a second embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of a suppressor of protein translation to the subject.

[0008] In accordance with a third embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of omacetaxine to the subject.

[0009] In accordance with a fourth embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of a suppressor of protein translation and at least one additional biologically

active agent to the subject.
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[0010] In accordance with a fifth embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of a suppressor of protein translation and at least one additional

chemotherapeutic agent to the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1A-1B. Characterization of human HCC derived Organoids compared
with the original source of HCC tissue. Immunofluorescence staining of patient HCC tissue
and the HCC PDOs. As showed both tissue and PDOs are positive of HCC markers AFP and
Hep Parl, and both express LGRS (stem cell marker), CK19 (hepatocyte and biliary marker),
as well as epithelial marker (EPCAM).

[0012] Figure 2A-2E. 10 uM drug screening and ICso calculation across 40 PDOs from
20 HCC patients. (2A). 10 uM drug screening of omacetaxine and sorafenib, regorafenib,
lenvatinib and cabozantinib on 40 PDOs derived from 20 HCC patients. X axis - the 40 PDO
lines, Y axis - Cell viability. (2B). 1Cso curve of 40 PDO lines, x-axis - omacetaxine dose, Y
axis — Relative cell viability. (2C). Upper panel shows the bright field pictures a HCC PDO
line treated with different dose of omacetaxine; lower panel shows live/dead cell staining of
this same patient derived PDOs treated with different dose of omacetaxine. (2D). ICso
distribution of 40 HCC PDOs. X axis - PDO lines, Y axis — ICso number of omacetaxine for
each PDO. (2E) Each panel shows the microscopic image collected at 96 hours after
treatment with each drug, at a concentration of 10 uM.

[0013] Figure 3A-3H. Mechanism of Omacetaxine action on different HCC patient
derived organoids lines. (3A). Flow cytometry Histograms showing the fluorescence signal
of OP-Puro conjugated with Alexa Fluor 488 (OP-Puro-AF488) incorporated in the HCC26-3
PDO line after 36 h treatment with Mock (0.1% DMSO), and omacetaxine (150 nM and 700
nM) as well as CHX (100 pg/ml) treated for 30 min as positive control, n = 3.* P<0.001 Not
significant (NS). (3B). Flow cytometry plots showed the percent of protein synthesis rate in
0.15 uM, 0.7 uM and 0 pM (vehicle with1%DMSO) of concentration of omacetaxine on 6
HCC PDO lines. (3C) The mean fluorescence intensity ratio reflected protein synthesis rate

of the plots data in (a). (3D-3H). Flow cytometry analysis of 5 oncoproteins (¢c-MYC, Beta-
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catenin, XIAP, MET and Cyclin D1) were suppressed with different dose of omacetaxine
treatment on 6 PDO lines.

[0014] Figure 4A-4D. Proliferation assay of HCC PDOs treated with omacetaxine in
vitro. Six HCC PDO lines treated with different dose of omacetaxine (0 uM, 150 nM, 0.30
and 700 nM), then cells were subjected to proliferation assay: (4A and 4C) Flow cytometery
analysis of BrdU incorporated PDO lines showing proliferation of six HCC PDO lines treated
with omacetaxine. Left panel shows the gating plot shows the BrdU staining positive from
each drug treatment condition. Right represent the qualification data. (4B and 4D).Ki67
expression from 6 HCC PDO lines treated with omacetaxine were analyzed with flow
cytometry. Left panel displayed the plot data of each PDO lines with different dose
treatment. Right panel shows the quantification bar data.

[0015] Figure SA-5E. Apoptosis analysis of HCC PDOs treated with omacetaxine in
vitro. Organoids were plate on 24 well plate, omacetaxine at 700 uM, 350 uM were added to
cell culture medium for 96 h. Then cells were collected and subjected to the analysis below.
(5A and 5C). Flow cytometry analysis of 4 HCC PDOs apoptosis using Annexin V/7AAD
assay. Left panel shows the overlapping plots of Annexin V and 7AAD, X axis shows
Annexin V stained positive cells, Y axis is 7AAD positive cells. Right panel shows the
percent of early apoptosis (Annexin V*7AAD") and late apoptosis (Annexin V*7AAD™) of
each PDOs at different dose condition showed above. (5B and 5D). Flow cytometry analysis
of cleaved caspase 3 expression of omacetaxine treated HCC PDOs. Left Panel shows the
plots data and right panel represents the quantification bar data. Data were showed as the
mean = S.E.M from 3 independent experiments. P<0.001.

[0016] Figure 6A-6B. Cell cycle analysis of omacetaxine treated HCC PDOs.

Cell cycle analysis showed that omacetaxine causes G0/S phase arrest in 6 HCC PDOs, and
the arrested percent increased with the increase of drug dose. (6A) The histogram of cell
cycle distributions. (6B) Bar graph of each PDO lines with different doses of omacetaxine
treatment, for all 6 HCC PDOs, with the omacetaxine dosing rising, the G0/G1 increased to
around 90%, which demonstrate that omacetaxine causes G0/S check in HCC PDOs.

[0017] Figure 7A-71. Omacetaxine reduced the tumor size and suppress metastasis and
increase the survive span in HCC PDX model in vivo. (7A and 7E) Growth of 50 PDX and
26-3 PDX treated with omacetaxine, tumor size were measured at the indicated time point.
(7B and 7F) display the body weight changes during the treatment period of the two PDX
model. (7C and 7G) Representative images of tumor mass at Day 60 (50 PDX) and D30 (26-
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3 PDX), upper panel - the control group, lower panel - the omacetaxine treated group. (7D
and 7H) Tumor weight at the omacetaxine treatment pointed at day 60 (50 PDX) and at day
30 (26-3 PDX) as showed 7C and 7G separately. (7I) Survival of mice bearing 26-3 PDX
after treatment. Significance was determined with log rank test. (7)) HE staining of 26-3
PDX treated with omacetaxine and control. P<0.001. Error bars represent Mean =+ standard
deviation. Not significant (NS). (7J). H&E staining of 26-3 PDX treated with omacetaxine
vs control.

[0018] Figure 8 A-8G. Omacetaxine inhibits tumor cell proliferation and increases
apoptosis and suppressed HCC oncoprotein expression in vivo. (8A-8D) Immunofluorescent
staining of Ki67 and cleaved caspase 3 expression in 26-3 PDX model. 8 A-8B show the IF
staining pictures, 8C-8D show the relative Ki67 or cleaved caspase 3 positive cell number in
omacetaxine treated mice compared with control treatment groups. (8E-8G) Omacetaxine
suppressed HCC oncoprotein: c-Myc, Beta-catenin and MET protein expression in 50 HCC

PDX treated with Omacetaxine vs control.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The following examples have been included to provide guidance to one of
ordinary skill in the art for practicing representative embodiments of the presently disclosed
subject matter. In light of the present disclosure and the general level of skill in the art, those
of skill can appreciate that the following examples are intended to be exemplary only and that
numerous changes, modifications, and alterations can be employed without departing from
the scope of the presently disclosed subject matter. The synthetic descriptions and specific
examples that follow are only intended for the purposes of illustration, and are not to be
construed as limiting in any manner to make compounds of the disclosure by other methods.
[0020]  As stated above, HCC is increasing in incidence *°. The primary driver of HCC in
the USA is the increasing incidence of obesity and fatty liver disease *!. The only curative
strategy is surgical (either resection or liver transplantation) *2. Unfortunately, only a
minority of patients are surgical candidates, and the rest have very limited chemotherapy
options. Sorafenib is a multi-tyrosine kinase inhibitor that was the first drug approved by the
FDA for treating HCC that is passed surgical resectability or transplant criteria °. Sorafenib,

however, has limited benefit for HCC patients (median increase in life span of 9.2 months).
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Other tyrosine kinase inhibitors were also recently approved (regorafenib, levantinib and
cabozantinib). Nivolumab and pembrolizumab (immunotherapy) were also recently approved
for HCC following demonstration of efficacy in a subgroup of patients. Last, in May 2019,
ramucirumab (monoclonal VEGFR2 antibody) received approval for HCC. While the
accumulation of HCC drugs has been very rapid in the last few years, there is still a high
demand for effective drugs. It is likely that further research will more accurately provide
with patient stratification so that the choice of drugs can be informed in a personalized
fashion. Further research will identify what is the patient strata for which omacetaxine could
be effective.

[0021] The successful establishment of cancer patient derived organoids (PDO) from
human HCC has been reported by the inventors > 13, In addition, the inventors have reported
that medium-throughput drug screening in HCC PDO is feasible. Here, the inventors bring
further proof that drug screening in HCC PDOs can be utilized for drug discovery or drug
repurposing. Patient derived xenografts (PDX) models of human cancer are established as
excellent models to recapitulate cancer biology, as well as for drug testing 2% 2°.

[0022] In accordance with some embodiments, the present inventors first identified
omacetaxine as a potentially effective HCC therapeutics in HCC PDOs, and the inventors
aimed at verifying this finding in a validated confirmatory model. To this end, the inventors
have established 2 PDX models from human HCC. Next, the inventors have now shown that
indeed, omacetaxine is effective in each of these 2 PDX models. These findings confirm that
omacetaxine is likely to be effective in the patients from whom the PDX models were
established, and by extension, possibly effective in larger cohorts of HCC patients.

[0023] In addition to the successful identification and validation of omacetaxine as a
novel therapeutics, the present invention brings further evidence that PDO drug screening is
an effective tool that can be incorporated in drug screening strategies. In contrast, drug
screening on HCC cell lines has been fraught with multiple false positive findings —i.e.,
drugs that appeared to be effective in cell lines, only to fail in human clinical trials. The
inability to correctly predict effective drugs in pre-clinical trials is partially responsible for
the high cost of bringing a new therapeutic to the market. The current invention illustrates
HCC PDOs should be integrated in current drug development pipelines, prior to human

clinical trials.
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[0024] As such, in accordance with the following disclosed embodiments, the present
invention provides a suppressor of protein translation which is (omacetaxine mepusuccinate,

(C29H39N09)) .

S,

O Q\T/

’/ H

HO %
or a pharmaceutically acceptable salt, solvate, analog, derivative or stereoisomer thereof.
[0025] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988);
The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following
terms have the meanings ascribed to them below, unless specified otherwise.
[0026] The term “activity” refers to the ability of a gene to perform its function such as
Indoleamine 2,3-dioxygenase (an oxidoreductase) catalyzing the degradation of the essential
amino acid tryptophan (trp) to N-formyl-kynurenine.
[0027] By "agent" is meant any small molecule chemical compound, antibody, nucleic
acid molecule, or polypeptide, or fragments thereof.
[0028] By “ameliorate” is meant decrease, suppress, attenuate, diminish, arrest, or
stabilize the development or progression of a disease.
[0029] By "alteration" is meant a change (increase or decrease) in the expression levels or
activity of a gene or polypeptide as detected by standard art known methods such as those
described herein. As used herein, an alteration includes a 10% change in expression levels,
preferably a 25% change, more preferably a 40% change, and most preferably a 50% or

greater change in expression levels. "
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[0030] By "analog" is meant a molecule that is not identical, but has analogous functional
or structural features. For example, a polypeptide analog retains the biological activity of a
corresponding naturally occurring polypeptide, while having certain biochemical
modifications that enhance the analog's function relative to a naturally occurring polypeptide.
Such biochemical modifications could increase the analog's protease resistance, membrane
permeability, or half-life, without altering, for example, ligand binding. An analog may
include an unnatural amino acid.

[0031] By “disease” is meant any condition or disorder that damages or interferes with
the normal function of a cell, tissue, or organ. Examples of diseases include cancer.

[0032] By "effective amount" is meant the amount of a required to ameliorate the
symptoms of a disease relative to an untreated patient. The effective amount of active
compound(s) used to practice the present invention for therapeutic treatment of a disease
varies depending upon the manner of administration, the age, body weight, and general health
of the subject. Ultimately, the attending physician or veterinarian will decide the appropriate
amount and dosage regimen. Such amount is referred to as an "effective" amount.

[0033] By “express” is meant the ability of a gene to express the gene product including
for example its corresponding mRNA or protein sequence (s).

[0034] By "fragment" is meant a portion of a polypeptide or nucleic acid molecule. This
portion contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of
the entire length of the reference nucleic acid molecule or polypeptide. A fragment may
contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, 700, 800, 900, or
1000 nucleotides or amino acids.

[0035] By “obtaining™ as in “obtaining an agent” is meant synthesizing, purchasing, or
otherwise acquiring the agent.

[0036] By “omacetaxine mepusuccinate” means (International nonproprietary name,
trade names Synribo), and formerly named as homoharringtonine or HHT. Omacetaxine was
originally found in Chinese herbal extracts from the bark of the Chinese plum yew,
Cephalotaxus *°. This bark extract was known in traditional Chinese medicine to have anti-
cancer activity. This extract was brought to the Western world and characterized in the early
1970°s 3+3¢_ Initial studies in China, performed with unclear combination of active
compounds demonstrated activity against AML and CML * 3. More recently, the FDA
approved omacetaxine for the treatment of certain subtypes of CML3" 3. The accelerated

approval was based on 2 open label trials in CML patients with the T3151 mutations or CML
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patients who developed resistance or intolerance to at least 2 prior TKIs 37-*8. Nonetheless, to
our knowledge, there have been no Phase II (efficacy) trials of omacetaxine in any solid liver
tumors. Furthermore, there have been no reports to date (clinical trials or pre-clinical mouse
model or cell line research) to report that omacetaxine is effective in HCC. Therefore, the
current study opens the door for further studies that should demonstrate the efficacy of
omacetaxine in human clinical trials.

[0037] Omacetaxine is a first in class of protein translation inhibitors 2°. The drug does
not appear to target a specific protein, but rather inhibits overall protein translation. Overall
inhibition of protein translation affects predominantly proteins with rapid turnover (short
half-life) 2°. Omacetaxine is efficacious in CML due to blockade of oncoproteins that have
short half-lives 26-42.

[0038] In accordance with some embodiments of the present invention, the inventors
have first shown that omacetaxine affects the global protein translation in PDOs. To our
knowledge, this is the first study to report these findings. Furthermore, the inventors have
shown that several oncoproteins (C-MYC, MET, beta-catenin, XIAP, and Cyclin D1) display
diminished levels following treatment with omacetaxine both in PDOs as well as in PDX
models in vivo. Last, a key aspect of any drug in this class appears to be the transient use of
such a drug as to not affect proteins that have longer half-lives?®. Further efforts to position
omacetaxine for HCC treatment should take into consideration the need for its transient
utilization.

[0039] Omacetaxine is a pharmaceutical drug substance that is indicated for treatment of
chronic myeloid leukemia (CML). It is derived from a natural product first discovered in
Cephalotaxus harringtonii, now manufactured by hemi-synthesis. The U.S. FDA approved it
in October 2012 for the treatment of adult patients with CML with resistance and/or
intolerance to two or more tyrosine kinase inhibitors (TKIs). It has the chemical structure of
Formula I above, or a pharmaceutically acceptable salt, solvate, analog, derivative or
stereoisomer thereof. It inhibits protein translation by preventing the initial elongation step of
protein synthesis.

[0040] Omacetaxine interacts with the ribosomal A-site and prevents the correct
positioning of amino acid side chains of incoming aminoacyl-tRNAs. Omacetaxine acts only
on the initial step of protein translation and does not inhibit protein synthesis from mRNAs

that have already commenced translation.
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[0041] Analogs and derivatives of omacetaxine are known in the art. Examples of such
analogs and derivatives can be found in International Patent Publication No.
WO02016182850A1, and incorporated by reference herein.

[0042] By “polypeptide,” “peptide” and “protein” is meant terms that may be used
interchangeably herein to refer to a polymer of amino acid residues. The terms apply to
amino acid polymers in which one or more amino acid residue is an analog or mimetic of a
corresponding naturally occurring amino acid, as well as to naturally occurring amino acid
polymers. Polypeptides can be modified, e.g., by the addition of carbohydrate residues to

2% ¢

form glycoproteins. The terms “polypeptide,” “peptide” and “protein” include glycoproteins,

as well as non-glycoproteins.

2 << 2% ¢

[0043] By “prevent,” “preventing,” “prevention,” “prophylactic treatment” and the like is
meant reducing the probability of developing a disorder or condition in a subject, who does
not have, but is at risk of or susceptible to developing a disorder or condition.

[0044] By “ranges” is meant all of the values within the range. For example, a range of 1
to 50 is understood to include any number, combination of numbers, or sub-range from the
group consisting 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31, 32. 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, or 50.

[0045] By “reduces” is meant a negative alteration such as lowering the amount or
concentration of something by at least 10%, 25%, 50%, 75%, or 100%, as an example.
[0046] By “reference” is meant a standard or control conditions such as a sample
(human cells) or a subject that is a free, or substantially free, of an agent such as one or
more inhibitors of IDO1 and/or a vaccine.

[0047] By “sensitivity” is meant the percentage of subjects with a particular disease.
[0048] By “solid cancer” or “solid tumor™ is meant an abnormal mass of tissue that are
malignant. Different types of solid tumors are named for the type of cells that form them.
Examples of solid cancers are adenocarcinomas, sarcomas, carcinomas, and lymphomas.
[0049] By “specificity” is meant the percentage of subjects correctly identified as not
having a particular disease i.e., normal or healthy subjects,

[0050] By "subject" is meant any individual or patient to which the method described
herein is performed. Generally, the subject is human, although as will be appreciated by

those in the art, the subject may be an animal. Thus other animals, including mammals such

as rodents (including mice, rats, hamsters and guinea pigs), cats, dogs, rabbits, farm animals
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including cows, horses, goats, sheep, pigs, etc., and primates (including monkeys,
chimpanzees, orangutans and gorillas) are included within the definition of subject.

[0051] By “treat,” treating,” “treatment,” is meant reducing or ameliorating a disorder
and/or symptoms associated therewith. It will be appreciated that, although not precluded,
treating a disorder or condition does not require that the disorder, condition or symptoms
associated therewith be completely eliminated. Treating is synonymous with the use of the
compositions and methods in the treatment of a liver cancer or tumor in a subject.

[0052] In an embodiment, the term "administering" means that the compounds of the
present invention are introduced into a subject, preferably a subject receiving treatment for a
proliferative disease, and the compounds are allowed to come in contact with the one or more
disease related cells or population of cells in vivo.

[0053] As defined herein, in another embodiment, the term "contacting" means that the
one or more compounds of the present invention are introduced into a sample having at least
one cancer cell and appropriate enzymes or reagents, in a test tube, flask, tissue culture, chip,
array, plate, microplate, capillary, or the like, and incubated at a temperature and time
sufficient to permit binding and uptake of the at least one compound to the cancer cell.
Methods for contacting the samples with the compounds, and other specific binding
components are known to those skilled in the art, and may be selected depending on the type
of assay protocol to be run. Incubation methods are also standard and are known to those
skilled in the art.

[0054] Unless specifically stated or obvious from context, as used herein, the term "or" is
understood to be inclusive. Unless specifically stated or obvious from context, as used
herein, the terms "a", "an", and "the" are understood to be singular or plural.

[0055] Unless specifically stated or obvious from context, as used herein, the term
“about” is understood as within a range of normal tolerance in the art, for example within 2
standard deviations of the mean. About can be understood as within 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from context, all numerical values provided herein are modified by the term about.
[0056] The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups. The
recitation of an embodiment for a variable or aspect herein includes that embodiment as any

single embodiment or in combination with any other embodiments or portions thereof.
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[0057] Any compositions or methods provided herein can be combined with one or more
of any of the other compositions and methods provided herein.

[0058] Such treatment (surgery and/or chemotherapy) will be suitably administered to
subjects, particularly humans, suffering from, having, susceptible to, or at risk for cancer or
disease, disorder, or symptom thereof. Determination of those subjects "at risk" can be made
by any objective or subjective determination by a diagnostic test or opinion of a subject or
health care provider (e.g., genetic test, enzyme or protein marker, a marker (as defined
herein), family history, and the like).

[0059] The term “chemotherapeutic agent™ as well as words stemming therefrom, as used
herein, generally includes pharmaceutically or therapeutically active compounds that work by
interfering with DNA synthesis or function in cancer cells. Based on their chemical action at
a cellular level, chemotherapeutic agents can be classified as cell-cycle specific agents
(effective during certain phases of cell cycle) and cell-cycle nonspecific agents (effective
during all phases of cell cycle). Without being limited to any particular example, examples
of chemotherapeutic agents can include alkylating agents, angiogenesis inhibitors, aromatase
inhibitors, antimetabolites, anthracyclines, antitumor antibiotics, monoclonal antibodies,
platinums, topoisomerase inhibitors, and plant alkaloids.

[0060] In a further embodiment, the compositions and methods of the present invention
can be used in combination with one or more additional therapeutically active agents which
are known to be capable of treating conditions or diseases discussed above. For example, the
compositions of the present invention could be used in combination with one or more known
therapeutically active agents, to treat a proliferative disease. Non-limiting examples of other
therapeutically active agents that can be readily combined in a pharmaceutical composition
with the compositions and methods of the present invention are enzymatic nucleic acid
molecules, allosteric nucleic acid molecules, antisense, decoy, or aptamer nucleic acid
molecules, antibodies such as monoclonal antibodies, small molecules.

[0061] An active agent and a biologically active agent are used interchangeably herein to
refer to a chemical or biological compound that induces a desired pharmacological and/or
physiological effect, wherein the effect may be prophylactic or therapeutic. The terms also
encompass pharmaceutically acceptable, pharmacologically active derivatives of those active
agents specifically mentioned herein, including, but not limited to, salts, esters, amides,
prodrugs, active metabolites, analogs and the like. When the terms “active agent,”

“pharmacologically active agent” and “drug™ are used, then, it is to be understood that the
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invention includes the active agent per se as well as pharmaceutically acceptable,
pharmacologically active salts, esters, amides, prodrugs, metabolites, analogs etc. The active
agent can be a biological entity, such as a virus or cell, whether naturally occurring or
manipulated, such as transformed.

[0062] The biologically active agent may vary widely with the intended purpose for the
composition. The term active is art-recognized and refers to any moiety that is a biologically,
physiologically, or pharmacologically active substance that acts locally or systemically in a
subject. Examples of biologically active agents, that may be referred to as “drugs”, are
described in well-known literature references such as the Merck Index, the Physicians’ Desk
Reference, and The Pharmacological Basis of Therapeutics, and they include, without
limitation, medicaments; vitamins; mineral supplements; substances used for the treatment,
prevention, diagnosis, cure or mitigation of a disease or illness; substances which affect the
structure or function of the body; or pro-drugs, which become biologically active or more
active after they have been placed in a physiological environment.

[0063] The inventors discovered that omacetaxine is effective in a large cohort of HCC
PDOs, as well as in vivo in patient derived xenograft (PDX) models and they have
characterized its mechanism of action in vitro as well as in vivo.

[0064] In accordance with a first embodiment, the present invention provides a method
for treating a solid cancer or tumor in a subject comprising the steps of administering to the
subject an effective amount of a suppressor of protein translation to the subject. In some
embodiments, the suppressor or inhibitor of protein translation binds the ribosomal A-site and
prevents the correct positioning of amino acid side chains of incoming aminoacyl-tRNAs.
[0065] In accordance with a second embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of a suppressor of protein translation to the subject.

[0066] In accordance with a third embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of omacetaxine to the subject.

[0067] In accordance with a fourth embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of a suppressor of protein translation and at least one additional biologically

active agent to the subject.
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[0068] In accordance with a fifth embodiment, the present invention provides a method
for treating a liver tumor in a subject comprising the steps of administering to the subject an
effective amount of a suppressor of protein translation and at least one additional
chemotherapeutic agent to the subject.

[0069] In certain embodiments, the level to which a suppressor of protein translation
decreases protein expression may be any level so long as it provides amelioration of at least
one symptom of the liver cancer, including HCC. The level of protein translation may
decrease by at least 2, 3, 4, 5, 10, 25, 50, 100, 1000, or more fold expression compared to the
level of expression in a standard, in at least some cases. An individual may monitor
expression levels of proteins using standard methods in the art, such as northem assays, for
example.

[0070] An individual known to have HCC, suspected of having HCC, or at risk for
having HCC may be provided an effective amount of a suppressor of protein translation,
including Omacetaxine mepusuccinate salt, solvate, derivative, or stereoisomer thereof.
Those at risk for HCC may be those individuals having one or more genetic factors, may be
of advancing age, and/or may have a family history, for example.

[0071] In particular embodiments of the disclosure, an individual is given an agent for
HCC therapy in addition to the one or more suppressor of protein translation including
Omacetaxine mepusuccinate salt, solvate, derivative, or stereoisomer thereof. Such
additional therapy may include one or more chemotherapies, for example. When
combination therapy is employed with one or more suppressor of translation, the additional
therapy may be given prior to, at the same time as, and/or subsequent to the one or more
suppressor of translation.

[0072] Pharmaceutical Preparations

[0073] Pharmaceutical compositions used in the methods of the present invention
comprise an effective amount of one or suppressors of protein translation such as
omacetaxine mepusuccinate salt, solvate, analog, derivative, or stereoisomer thereof,
dissolved or dispersed in a pharmaceutically acceptable carrier. The phrases "pharmaceutical
or pharmacologically acceptable" refers to molecular entities and compositions that do not
produce an adverse, allergic or other untoward reaction when administered to an animal, such
as, for example, a human, as appropriate.

[0074] The preparation of a pharmaceutical composition that comprises at least one

suppressors of protein translation such as omacetaxine mepusuccinate salt, solvate,
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derivative, or stereoisomer thereof, or additional active ingredient will be known to those of
skill in the art in light of the present disclosure, as exemplified by Remington: The Science
and Practice of Pharmacy, 225 Ed. Pharmaceutical Press, 2012, incorporated herein by
reference. Moreover, for animal (e.g., human) administration, it will be understood that
preparations should meet sterility, pyrogenicity, general safety and purity standards as
required by FDA Office of Biological Standards.

[0075] As used herein, "pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (e.g.,
antibacterial agents, antifungal agents), isotonic agents, absorption delaying agents, salts,
preservatives, drugs, drug stabilizers, gels, binders, excipients, disintegration agents,
lubricants, sweetening agents, flavoring agents, dyes, such like materials and combinations
thereof, as would be known to one of ordinary skill in the art (see, for example, Remington's
above). Except insofar as any conventional carrier is incompatible with the active ingredient,
its use in the pharmaceutical compositions is contemplated.

[0076] The suppressor of protein translation such as omacetaxine mepusuccinate salt,
solvate, derivative, or stereoisomer thereof, may comprise different types of carriers
depending on whether it is to be administered in solid, liquid or aerosol form, and whether it
need to be sterile for such routes of administration as injection. The present compositions can
be administered intravenously, intradermally, transdermally, intrathecally, intraarterially,
intraperitoneally, intranasally, intravaginally, intrarectally, topically, intramuscularly,
subcutaneously, mucosally, orally, topically, locally, inhalation (e.g., aerosol inhalation),
injection, infusion, continuous infusion, localized perfusion bathing target cells directly, via a
catheter, via a lavage, in cremes, in lipid compositions (e.g., liposomes), or by other method
or any combination of the forgoing as would be known to one of ordinary skill in the art.
[0077] Further, in accordance with the present invention, the compositions used in the
methods of the present invention suitable for administration can be provided in a
pharmaceutically acceptable carrier with or without an inert diluent. The carrier should be
assimilable and includes liquid, semi-solid, i.e., pastes, or solid carriers. Except insofar as
any conventional media, agent, diluent or carrier is detrimental to the recipient or to the
therapeutic effectiveness of a composition contained therein, its use in administrable
composition for use in practicing the methods of the present invention is appropriate.
Examples of carriers or diluents include fats, oils, water, saline solutions, lipids, liposomes,

resins, binders, fillers and the like, or combinations thereof. The composition may also
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comprise various antioxidants to retard oxidation of one or more component. Additionally,
the prevention of the action of microorganisms can be brought about by preservatives such as
various antibacterial and antifungal agents, including but not limited to parabens (e.g.,
methylparabens, propylparabens), chlorobutanol, phenol, sorbic acid, thimerosal or
combinations thereof.

[0078] In accordance with some embodiments of the present invention, the compositions
used in the inventive methods can be combined with the carrier in any convenient and
practical manner, i.e., by solution, suspension, emulsification, admixture, encapsulation,
absorption and the like. Such procedures are routine for those skilled in the art. In a specific
embodiment of the present invention, the composition is combined or mixed thoroughly with
a semi-solid or solid carrier. The mixing can be carried out in any convenient manner such as
grinding. Stabilizing agents can be also added in the mixing process in order to protect the
composition from loss of therapeutic activity, i.e., denaturation in the stomach. Examples of
stabilizers for use in an the composition include buffers, amino acids such as glycine and
lysine, carbohydrates such as dextrose, mannose, galactose, fructose, lactose, sucrose,
maltose, sorbitol, mannitol, efc.

[0079] In further embodiments, the methods of the present invention may involve the use
of a pharmaceutical lipid vehicle composition that include a suppressor of protein translation
such as omacetaxine mepusuccinate salt, solvate, analog, derivative, or stereoisomer thereof,
one or more lipids, and an aqueous solvent. As used herein, the term “lipid” will be defined
to include any of a broad range of substances that is characteristically insoluble in water and
extractable with an organic solvent. This broad class of compounds are well known to those
of skill in the art, and as the term “lipid™ is used herein, it is not limited to any particular
structure. Examples include compounds which contain long-chain aliphatic hydrocarbons
and their derivatives. A lipid may be naturally occurring or synthetic (i.e., designed or
produced by man). However, a lipid is usually a biological substance. Biological lipids are
well known in the art, and include for example, neutral fats, phospholipids,
phosphoglycerides, steroids, terpenes, lysolipids, glycosphingolipids, glycolipids,
sulphatides, lipids with ether and ester-linked fatty acids and polymerizable lipids, and
combinations thereof. Of course, compounds other than those specifically described herein
that are understood by one of skill in the art as lipids are also encompassed by the

compositions and methods of the present invention.
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[0080] One of ordinary skill in the art would be familiar with the range of techniques that
can be employed for dispersing a composition in a lipid vehicle. For example, the suppressor
of protein translation such as omacetaxine mepusuccinate salt, solvate, analog, derivative, or
stereoisomer thereof, may be dispersed in a solution containing a lipid, dissolved with a lipid,
emulsified with a lipid, mixed with a lipid, combined with a lipid, covalently bonded to a
lipid, contained as a suspension in a lipid, contained or complexed with a micelle or
liposome, or otherwise associated with a lipid or lipid structure by any means known to those
of ordinary skill in the art. The dispersion may or may not result in the formation of
liposomes.

[0081] The actual dosage amount of a composition used in the methods of the present
invention administered to a subject can be determined by physical and physiological factors
such as body weight, severity of condition, the type of disease being treated, previous or
concurrent therapeutic interventions, idiopathy of the patient and on the route of
administration. Depending upon the dosage and the route of administration, the number of
administrations of a preferred dosage and/or an effective amount may vary according to the
response of the subject. The practitioner responsible for administration will determine the
concentration of active ingredient(s) in a composition and appropriate dose(s) for the
individual subject. In certain embodiments, pharmaceutical compositions may comprise, for
example, at least about 0.1% of an active compound. In other embodiments, the an active
compound may comprise between about 2% to about 75% of the weight of the unit, or
between about 25% to about 60%, for example, and any range derivable therein. Naturally,
the amount of active compound(s) in each therapeutically useful composition may be
prepared is such a way that a suitable dosage will be obtained in any given unit dose of the
compound. Factors such as solubility, bioavailability, biological half-life, route of
administration, product shelf life, as well as other pharmacological considerations will be
contemplated by one skilled in the art of preparing such pharmaceutical formulations, and as
such, a variety of dosages and treatment regimens may be desirable. In other non-limiting
examples, a dose may also comprise from about 1 microgram/kg/body weight, about 5
microgram/kg/body weight, about 10 microgram/kg/body weight, about 50
microgram/kg/body weight, about 100 microgram/kg/body weight, about 200
microgram/kg/body weight, about 350 microgram/kg/body weight, about 500
microgram/kg/body weight, about 1 milligram/kg/body weight, about 5 milligram/kg/body
weight, about 10 milligram/kg/body weight, about 50 milligram/kg/body weight, about 100
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milligram/kg/body weight, about 200 milligram/kg/body weight, about 350
milligram/kg/body weight, about 500 milligram/kg/body weight, to about 1000 mg/kg/body
weight or more per administration, and any range derivable therein. In non-limiting
examples of a derivable range from the numbers listed herein, a range of about 5 mg/kg/body
weight to about 100 mg/kg/body weight, about 5 microgram/kg/body weight to about 500
milligram/kg/body weight, etc., can be administered, based on the numbers described above.
[0082] Alimentary Compositions and Formulations

[0083] In one embodiment of the present disclosure, a suppressor of protein translation
such as omacetaxine mepusuccinate salt, solvate, analog, derivative, or stereoisomer thereof
(an example of an active compound), is formulated to be administered via an alimentary
route. Alimentary routes include all possible routes of administration in which the
composition is in direct contact with the alimentary tract. Specifically, the pharmaceutical
compositions disclosed herein may be administered orally, buccally, rectally, or sublingually.
As such, these compositions may be formulated with an inert diluent or with an assimilable
edible carrier, they may be enclosed in hard- or soft- shell gelatin capsule, they may be
compressed into tablets, or they may be incorporated directly with the food of the diet.

[0084] In certain embodiments, the active compounds may be incorporated with
excipients and used in the form of ingestible tablets, buccal tables, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like (Mathiowitz et al., 1997; Hwang et al., 1998; U.S.
Pat. Nos. 5,641,515; 5,580,579 and 5,792, 451, each specifically incorporated herein by
reference in its entirety). The tablets, troches, pills, capsules and the like may also contain
the following: a binder, such as, for example, gum tragacanth, acacia, cornstarch, gelatin or
combinations thereof; an excipient, such as, for example, dicalcium phosphate, mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate or
combinations thereof; a disintegrating agent, such as, for example, corn starch, potato starch,
alginic acid or combinations thereof; a lubricant, such as, for example, magnesium stearate; a
sweetening agent, such as, for example, sucrose, lactose, saccharin or combinations thereof; a
flavoring agent, such as, for example peppermint, oil of wintergreen, cherry flavoring, orange
flavoring, etc. When the dosage unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier. Various other materials may be present as
coatings or to otherwise modify the physical form of the dosage unit. For instance, tablets,
pills, or capsules may be coated with shellac, sugar, or both. When the dosage formis a

capsule, it may contain, in addition to materials of the above type, carriers such as a liquid
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carrier. Gelatin capsules, tablets, or pills may be enterically coated. Enteric coatings prevent
denaturation of the composition in the stomach or upper bowel where the pH is acidic. See,
e.g., US. Pat. No. 5,629,001. Upon reaching the small intestines, the basic pH therein
dissolves the coating and permits the composition to be released and absorbed by specialized
cells, e.g., epithelial enterocytes and Peyer's patch M cells. A syrup of elixir may contain the
active compound sucrose as a sweetening agent methyl and propylparabens as preservatives,
a dye and flavoring, such as cherry or orange flavor. Of course, any material used in
preparing any dosage unit form should be pharmaceutically pure and substantially non-toxic
in the amounts employed. In addition, the active compounds may be incorporated into
sustained-release preparation and formulations.

[0085] Additional formulations that are suitable for other modes of alimentary
administration include suppositories. Suppositories are solid dosage forms of various weights
and shapes, usually medicated, for insertion into the rectum. After insertion, suppositories
soften, melt or dissolve in the cavity fluids. In general, for suppositories, traditional carriers
may include, for example, polyalkylene glycols, triglycerides or combinations thereof. In
certain embodiments, suppositories may be formed from mixtures containing, for example,
the active ingredient in the range of about 0.5% to about 10%, and preferably about 1% to
about 2%.

[0086] Parenteral Compositions and Formulations

[0087] In further embodiments, suppressors of protein translation, such as omacetaxine
mepusuccinate salts, solvates, analogs, derivatives, or stereoisomers thereof, may be
administered via a parenteral route. As used herein, the term “parenteral” includes routes that
bypass the alimentary tract. Specifically, the pharmaceutical compositions disclosed herein
may be administered for example, but not limited to intravenously, intradermally,
intramuscularly, intraarterially, intrathecally, subcutaneous, or intraperitoneally U.S. Pat.
Nos. 6,7537,514, 6,613,308, 5,466,468, 5,543,158, 5,641,515; and 5,399,363 (each
specifically incorporated herein by reference in its entirety). Solutions of the active
compounds as free base or pharmacologically acceptable salts may be prepared in water
suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions may also be
prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under
ordinary conditions of storage and use, these preparations contain a preservative to prevent
the growth of microorganisms. The pharmaceutical forms suitable for injectable use include

sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
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preparation of sterile injectable solutions or dispersions (U.S. Patent 5,466,468, specifically
incorporated herein by reference in its entirety).

[0088] In all cases the form must be sterile and must be fluid to the extent that easy
injectability exists. It must be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms, such as bacteria and
fungi. The carrier can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (i.e., glycerol, propylene glycol, and liquid polyethylene glycol, and the like),
suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, aluminum monostearate and
gelatin.

[0089] For parenteral administration in an aqueous solution, for example, the solution
should be suitably buffered if necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solutions are especially suitable for
intravenous, intramuscular, subcutaneous, and intraperitoneal administration. In this
connection, sterile aqueous media that can be employed will be known to those of skill in the
art in light of the present disclosure. For example, one dosage may be dissolved in isotonic
NaCl solution and either added hypodermoclysis fluid or injected at the proposed site of
infusion. Some variation in dosage will necessarily occur depending on the condition of the
subject being treated. The person responsible for administration will, in any event, determine
the appropriate dose for the individual subject.

[0090] Sterile injectable solutions are prepared by incorporating the active compounds in
the required amount in the appropriate solvent with various of the other ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the various sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable

solutions, the preferred methods of preparation are vacuum-drying and freeze-drying
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techniques which yield a powder of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution thereof. A powdered composition is
combined with a liquid carrier such as, e.g., water or a saline solution, with or without a
stabilizing agent.

[0091] Kits of the Disclosure

[0092] Any of the compositions described herein may be comprised in a kit. In a non-
limiting example, a suppressor of protein translation (for example, Omacetaxine
mepusuccinate salt, solvate, derivative, or stereoisomer thereof) may be comprised in a kit.
The kits may comprise a suitably aliquoted of a suppressor of protein translation and, in some
cases, one or more additional agents. The component(s) of the kits may be packaged either in
aqueous media or in lyophilized form. The container means of the kits will generally include
at least one vial, test tube, flask, bottle, syringe or other container means, into which a
component may be placed, and preferably, suitably aliquoted. Where there are more than one
component in the kit, the kit also will generally contain a second, third or other additional
container into which the additional components may be separately placed. However, various
combinations of components may be comprised in a vial. The kits of the present invention
also will typically include a means for containing the suppressor of protein translation and
any other reagent containers in close confinement for commercial sale. Such containers may
include injection or blow-molded plastic containers into which the desired vials are retained.
[0093] When the components of the kit are provided in one and/or more liquid solutions,
the liquid solution is an aqueous solution, with a sterile aqueous solution being particularly
preferred. The suppressor of protein translation composition(s) may be formulated into a
syringeable composition. In which case, the container means may itself be a syringe, pipette,
and/or other such like apparatus, from which the formulation may be applied to an infected
area of the body, injected into an animal, and/or even applied to and/or mixed with the other
components of the kit. However, the components of the kit may be provided as dried
powder(s). When reagents and/or components are provided as a dry powder, the powder can
be reconstituted by the addition of a suitable solvent. It is envisioned that the solvent may

also be provided in another container means.

EXAMPLES

[0094] HCC PDOs were established and validated.
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[0095]  The inventors established 10 HCC PDO lines '*. In a similar fashion, the
inventors established an additional 30 HCC PDO lines, for a total of 40 lines. For the
establishment of these lines, the inventors have utilized resection tissue from surgery (20
patients), as well as from biopsy material (1 patient). For some patients, the tumor mass was
sufficiently large to allow establishment of more than 1 HCC line. As the inventors have
previously shown, in large HCC tumors, geographically distinct areas display genetic as well
as drug-response heterogeneity *. Clinical information and histopathological information of
the PDOs are summarized in Table 1.

[0096] Table 1. Clinical information of PDO lines

Sample PDO Biopsy/ Liver
Name lines Sex | Race | Age Stage Differentiation Resection disease

HCC 24 1 m w 24 | PT1INOMx Moderate Resection PSC
HCC 25 3 m w 73 | PTAINOMXx Moderate Resection
HCC 26 7 f w 71 PT3bNxMx Moderate Resection HCV
HCC 30 1 m b 63 | PT1INXMx Poor Resection
HCC 34 1 m b 62 | PT2NxMx Moderate Resection HCV
HCC 35 1 f w 80 [ PT2NxMx Poor Resection
HCC 36 1 m w 83 [ PT2NxMx Moderate Resection
HCC 37 1 m 0 65 | PTINOMXx Moderate Resection HBV
HCC 38 1 f w 89 [ PT2NxMX Poor Resection
HCC 40 1 f b 65 | PT2NxMX Moderate Resection HCV
HCC 50 1 f w 65 | PT2NOMO Moderate Resection
HCC 57 1 f w 77 | PT2NxM1 Moderate Biopsy
HCC 59 1 m b 62 | PT2NxMX Moderate Resection
HCC 65 2 f b 60 | PT2NOMx Moderate Resection HBV
HCC 67 4 f b 42 | PT2NxMx Moderate Resection HBV
HCC 71 4 f w 76 | PT3NOMXx Moderate Resection
HCC 76 1 m w 28 | PT3NOM1 Well Resection
HCC 77 1 m w 69 | PT1bN1M1 Poor Resection
HCC 80 4 f b 64 | PT2NxMx Moderate Resection HCV/HBV
HCC 83 3 f w 72 | PT2NxMx Moderate Resection

Total 20 40

[0097] Staining for HCC markers (hepatocyte paraffin 1 - HepParl; alfa feto protein -
AFP), as well as stem cell markers (leucine rich repeat containing G protein coupled receptor
5 - LGRY), cholangiocyte and hepatocyte marker (cytokeratin 19 - CK19), epithelial marker
(epithelial cellular adhesion molecule - EPCAM) was performed. Representative HCC

tissues, as well as matched PDO, are shown in Figure 1A.
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EXAMPLE 1

[0098] Drug screening identifies omacetaxine as a putative anti-HCC agent.

[0099] After successful establishment of the 40 HCC PDO lines from 20 HCC patients,
the inventors performed drug screening with a panel of 129 anti-cancer drugs, similar to our
published data 3. As readout of drug effectiveness, cell viability at 96 hours (h) was
measured. White light microscopy images of one of the HCC PDO lines across 129 drugs
was prepared. In Figure 2E, each panel represents the image collected at 96 hours after
treatment with each drug, at a concentration of 10 uM. As seen in the figure, certain drugs,
such as bortezomib, induce cell destruction while others, such as sorafenib, allow unrestricted
organoid growth. To quantify survival, we implemented CellTiter-Glo, a luminescent cell
viability assay. A total of 129 readings (one for each drug) was obtained for each of the 40
PDO lines, for a total of 4,644 data points. For each individual HCC PDO, drugs that
inhibited the growth by > 50% at 96 h at the screening concentration of 10 uM were
considered effective and chosen for further consideration. The inventors found that
omacetaxine, a protein translation inhibitor, was effective across all 40 HCC PDO lines, with
an average HCC PDO survival of only 4.2%. Next, the inventors contrasted the survival of
the 4 HCC PDO lines when treated with omacetaxine versus current FDA approved drugs for
HCC. The inventors found that, in their in vitro PDO system, omacetaxine was significantly
more effective than first line HCC drugs (sorafenib and lenvatinib) and second line HCC

drugs (regorafenib and cabozantinib, Figure 2A).

EXAMPLE 2

[0100] Omacetaxine is effective at nanomolar concentrations in HCC in vitro.

[0101] The inventors tested omacetaxine at decreasing concentrations (10 uM, 1 uM, 100
nM, 10 nM and 1 nM) to calculate the half-maximal inhibitory concentration (ICso). As
shown in Figure 2C, and further validating the present assay, omacetaxine displays dose
response (decreasing concentrations result in less dead cells — red in the figure — and more
live cells — green in the figure). Figure 2B displays the ICso curves for each of the 40 HCC
PDOs. While there was variability noted — which is to be expected as an expression of
functional heterogeneity — the curves demonstrate that all 40 HCC PDOs are sensitive to

omacetaxine at nanomolar concentrations. The calculated average 1Cso across all 40 HCC
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[0102] Table 2. IC50 of 40 PDO lines from 20 HCC patients.
HCC HCC HCC HCC HCC HCC HCC HCC HCC HCC
PDO lines | 24 25-1 25-2 25-3 26-2 26-3 26-4 26-5 26-6 26-7
ic50(nM) | 1485 | 3735 |11.73 |6015 |117.8 |27.84 |[3353 |66.74 |80.75 |1.407
HCC HCC HCC HCC HCC HCC HCC HCC HCC
PDO lines | 26-8 30 34-3 HCC 35 | 36-3 37 38 40 50 57
IC50 (nM) | 37.83 | 50.59 | 37.7 1307 | 8072 |3.519 |[1853 |1575 [29.84 |14.12
HCC HCC HCC HCC HCC HCC HCC HCC71- [ HCC
PDO lines | HCC 59 | 65-2 65-3 67-1 67-2 67-3 71-1 71-2 3 71-4
Ic50 (nM) | 21.21 7.402 | 226 4.027 | 1284 |1674 |7.29 2053 | 1.511 9.985
HCC HCC HCC HCC HCC HCC HCC HCC HCC HCC
PDO lines | 76 77 80-1 80-2 80-3 80-4 80-5 83-1 83-2 83-3
Ic50 (nM) | 35.54 | 46.11 80.11 | 4405 | 1566 [3.176 [2765 [17.71 |19.19 | 8.846
[0103] Based on these data, the inventors concluded that omacetaxine demonstrates
potential as a novel HCC therapeutics and decided to elucidate its effects and mechanisms of
action.
EXAMPLE 3
[0104] Omacetaxine represses growth and increases apoptosis in HCC PDOs.
[0105] The effects on proliferation were assessed to elucidate the omacetaxine

mechanisms of action. FACS analysis of bromodeoxyuridine (BrdU) incorporation

demonstrated that omacetaxine inhibited incorporation of this synthetic nucleoside in newly

synthetized DNA during the S phase. By extension, the implication is that omacetaxine

inhibits cancer cell proliferation in each of the 6 HCC PDO lines tested (Figures 3A and 3C).

To further understand the effects of omacetaxine on cancer cell proliferation and cell cycle,

the inventors performed FACS analysis of Ki67 protein. Ki-67 is a nuclear protein expressed

in proliferating cells (in all phases of the cell cycle except G0)*>23. Furthermore, the higher

expression of Ki67 has been linked to poorer disease free survival and overall survival in

HCC ?*. As shown in Figures 3B and 3D, omacetaxine reduces the expression of Ki67 in all

6 HCC PDO lines tested. Next, the inventors performed a cell cycle analysis to determine at

which point the cells arrest. As shown in Figure 4, omacetaxine induces GO/G1 arrest that
likely explains the effects of omacetaxine on cell proliferation noted above. The effects of

omacetaxine on GO/G1 arrest, as shown in the figure, appear to be dose-dependent. One of

the inventors’ previous studies demonstrated that liver cancers (including HCCs) display
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functional heterogeneity (as measured through drug responses) 1*. However, omacetaxine
displays near uniform effectiveness in all 38 HCC PDO lines analyzed here, suggesting that
multiple mechanisms of action are possible. Therefore, the inventors tested alternative and
complementary mechanisms of cell death, such as apoptosis. Flow cytometry based analysis
of Annexin V and 7-Aminoactinomy cin D (7AAD) staining in 6 HCC PDO lines
demonstrated that either early apoptosis, or late apoptosis, or both were increased in each of
these lines (Figures 5A, 5C and 5D). As caspase 3 is a key molecule in apoptosis, the
inventors measured its activated (cleaved) fragment. Indeed, cleaved caspase 3 was induced

in each of the 6 HCC PDO lines tested (Figures 5B and 5E).

EXAMPLE 4

[0106] Omacetaxine inhibits global protein synthesis.

[0107] Previous studies showed that omacetaxine inhibits protein synthesis via inhibiting
the first peptide bond formation in the synthesis of polypeptides 2-2. In acute myelogenous
leukemia (AML), short-lived proteins (high synthesis rate) are affected preferentially by
global protein synthesis inhibition by omacetaxine 7. Furthermore, certain AML subtypes
(such as FLT3-ITD AML) appear to become addicted to a high protein synthesis rate, which
explains (at least in part) their sensitivity to omacetaxine 7. Without being limited to any
particular mechanism, the inventors hypothesize that the effectiveness of omacetaxine in
HCC PDOs, resulting in reduced proliferation and increased apoptosis as noted above, may
be explained at least in part by global protein synthesis inhibition. Furthermore, global
protein synthesis inhibition may affect preferentially short-lived proteins and cells that
depend on high synthesis of short half-life proteins. To test this hypothesis, relative protein
synthesis rates from 6 HCC PDOs were measured by O-Propargyl-Puromycin (OP-Puro)
incorporation assay (EZClick™, Global Protein Synthesis Assay, Figure 6A). Treatment with
CHX was used as positive control, and 0.1% DMSO was used as negative control, as per
manufacturer’s recommendations. Figure 6B shows the fluorescence-activated cell sorting
(FACS) plots for each of the 6 HCC PDOs when treated with isotype control, negative
control, as well as omacetaxine at 150 nM and 700 nM. Figure 6C demonstrates that
omacetaxine drastically inhibited global protein synthesis at each of the 2 concentrations
(statistically significant). Of interest, a concentration of 700 nM did not induce any further

inhibition of protein synthesis when compared with the 150 nm concentration. Taken
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together with the observation that the average ICso of omacetaxine across all 40 HCC PDOs
is 35.2 nM, the conclusion is that, at least in part, the effectiveness of omacetaxine in HCC

PDOs is explained by inhibition of protein synthesis.

EXAMPLE 5

[0108] Omacetaxine inhibits select oncoprotein synthesis in HCC.

[0109] Select oncoproteins, such as MYC, beta-catenin, Cyclin D1, XIAP and MET are
short half-life proteins 2%-26-27. Based on data showing omacetaxine inhibits global protein
synthesis (Figures 6A-6C), the inventors advanced the hypotheses that (a) omacetaxine
inhibits short half-life proteins in HCC PDOs and (b) this inhibition may be part of the
mechanism of action. To test these hypotheses, 6 HCC PDO lines were treated with
omacetaxine and the levels of these 5 oncoproteins were assayed with FACS at 96 h (Figures
6D-6H). The inventors found that each of these oncoproteins (MY C, beta-catenin, Cyclin
D1, XIAP and MET) were inhibited by omacetaxine.

[0110] In conclusion, not only does omacetaxine inhibit global protein synthesis in HCC,
however, the level of specific short half-life proteins is decreased. These short half-life
proteins are known oncoproteins and it is likely that omacetaxine acts, at least in part,

through the downregulation of these proteins.

EXAMPLE 6

[0111] Omacetaxine represses cancer growth and increases survival in PDX models of
HCC.

[0112] Patient derived xenograft (PDX) models of human cancer are well documented to
recapitulate primary tumor biology, as well as response to treatment *2°. Two PDX models
from HCC patients were established in the inventors’ lab with the purpose of creating a
platform for further validation of drug leads. The first model, PDX26-3, was established by
subcutaneous injection of HCC PDO cells into NOD SCID-IL2R-y chain—deficient mice
(NSG, Jackson Lab). More specifically, PDX26-3 is established from PD026-3 cells at
passage 3. After the initial PDX establishment, the model is perpetuated by implantation of
pieces of tumors from current generation PDX mice into the next (as described in Materials

and Methods).
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[0113] The second model, PDX50, was established by directly implanting pieces of the
fresh human HCC tumor into NSG mice. After initial implantation, PDX50 is perpetuated
similarly to PDX26-3. Hematoxylin and eosin (H&E) staining of primary human HCCs and
matched PDX cancers was performed (data not shown). To investigate if omacetaxine
displays effectiveness iz vivo, the inventors utilized both PDX26-3 (which is a more
aggressive cancer) and PDX50 (a less aggressive cancer). It was found that omacetaxine
treatment applied directly into the tumor resulted in halting of tumor growth in both PDX50
as well as PDX26-3 mice (Figures 7A and 7E). Of note, there was no difference in the body
mass of mice in the treatment vs. the control group (Figures 7B and 7F). At the end of the
treatment, there was a statistically significant difference in the size of the tumors, as well as
in the weight of the tumors, for each of the PDX models used (Figures 7C-D and 7G-H).
These data show the omacetaxine is effective iz vivo in 2 PDX models of human HCC, which
predicts its effectiveness in patients. Last, the inventors investigated if there was a survival
advantage provided by the treatment with omacetaxine. PDX50 is less aggressive — mice
continue to be active, to eat and function normally, in spite of very large tumors. Therefore,
PDX50 is not ideal for survival determinations. PDX26-3, however, is more aggressive
(mice die due to the cancer burden). A survival experiment in which PDX26-3 was utilized
was designed and implemented, and demonstrated a statistically significant increase in

survival of approximately 100 % (Figure 7E).

EXAMPLE 7

[0114] Omacetaxine inhibits cancer proliferation and increases apoptosis iz vivo in PDX
models.

[0115] To verify the mechanism of omacetaxine target HCC mechanism in vivo,
omacetaxine treated HCC PDX tumors, as well as matched controls, were harvested, and
frozen section slides were made. It was found that proliferation was less, as measured by
Ki67 protein expression (Figures 8A and 8C). Apoptosis was also increased in omacetaxine
treated cancers, as quantified by Cleaved Caspase 3 staining (Figure 8B). The difference in

apoptosis as well as proliferation was statistically significant (Figures 8C and 8D).
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EXAMPLE 8

[0116] Omacetaxine downregulates certain short half-life oncoproteins in HCC in vivo.
[0117] The inventors demonstrated that omacetaxine induces (1) global downregulation
of protein synthesis (Figure 6), and (2) downregulation of short half-life oncoproteins in
vitro. The demonstration of similar findings in vivo would further argue that omacetaxine
exerts its effects, at least in part, through inhibition of certain short half-life oncoproteins.
Tumor masses from HCC PDX mice treated with omacetaxine and negative control,
respectively, were utilized to prepare frozen sections, which were then stained for the c-Myc,
MET and beta-catenin. As shown Figures 8E-8G, omacetaxine downregulated iz vivo the
expression of all of these short half-life oncoproteins.

[0118] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0119] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as™) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.

[0120] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred

embodiments may become apparent to those of ordinary skill in the art upon reading the
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foregoing description. The inventors expect skilled artisans to employ such variations as

appropriate, and the inventors intend for the invention to be practiced otherwise than as

specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.
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Claims:

1. Use of an effective amount of a suppressor of protein translation for treating a solid

cancer or tumor in a subject.

2. Use of an effective amount of a suppressor of protein translation for treating liver

cancer or a liver tumor in a subject.

3. Use of an effective amount of a suppressor of protein translation and at least one

additional biologically active agent for treating liver cancer or a liver tumor in a subject.

4. Use of an effective amount of a suppressor of protein translation and at least one

additional chemotherapeutic agent for treating liver cancer or a liver tumor in a subject.

5. The use of any of claims 1 to 4, wherein the a suppressor of protein translation is

omacetaxine

6. The use of any of claims 1 to 4, wherein the cancer is hepatocellular carcinoma

(HCC) and/or cholangiocarcinoma.

7. The use of claim 3, wherein the additional biologically active agent is a tyrosine

kinase inhibitor.

8. The use of claim 7, wherein the tyrosine kinase inhibitor is selected from the group

consisting of sorafenib, lenvantinib, regorafenib, cabozantinib and ramucirumab.

9. The use of claim 4, wherein the chemotherapeutic agent is selected from the group
consisting of alkylating agents, angiogenesis inhibitors, aromatase inhibitors, antimetabolites,
anthracyclines, antitumor antibiotics, monoclonal antibodies, platinums, topoisomerase

inhibitors, and plant alkaloids.



WO 2020/264480 PCT/US2020/040075

HCCPDO

HCCTISSUE

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

B B ooy gy grdy oty oy oy ey v
ot et G B B> B> BB T O SO
2 2 e G S S S Yl S Bk
Gios? Gond biond Gon? TP Ynas® Ynorof nercl
o i e e o i e

oo,
[
S’

143}
I8

)

~@— | ENVATINIE = (ABOZANTINIB
o o o o o o e o

40 HCC PDO LINES
FIG. 2A

By Bl Py Py Py v v g g
oo Sooo¥ Sooof Souol Sopol
S Sl Sinced S Sl

Soood Rl Souol Soue? Foue? Soud
b g e e e e

£ Sond Sond Sond bond bond bond ffD WD %D LD LD
v

m,ﬁémm#mmm

Soned
ool

(3]
Soaed
==

-4
Roed

T e? B S Sne? Sl Goned S Sl S Cod e b S
St S S S Sud Sed S S Sk bk
o o o o wh wh e i i o

0U
~{-SORAFENIE  —o— REGORAFENIB

—o— OMACETAXINE

8D 5.0 5% 2D oD D 2D 2D D 3 S e
o G G Eod G Gl Eod Eod Eod Tl

L]
Goed
B

120.00%
100.00%
80.00%
60.00%
40.00%
20.00%
0.00%

(%) ALTTIEVIA TH)

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/040075

WO 2020/264480

OMACETAXIN

ALTHEVIA 113 JALIVIE

{uMd)

FIG. 28

E

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480

40 HCOPDO LINES

Tuld

10 nM 1 nM

100 oM

10uM

CONTROL

PCT/US2020/040075

oo Jponne

(WU} INTXVIIDVIO

SUBSTITUTE SHEET (RULE 26)

o
LSRN
o
Sooklooe
O R
Q%
o R ©
Qo
oRR:==
L ')
Y .
- = °0 I
o O
o)
O
')
o —
o &
© o
o)
Q [ e ]
2 a 4 8 =

40 HCCPDO LINES



PCT/US2020/040075

WO 2020/264480

m

]

VI

TYRII0% | NIAVIDVD INYERVE

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

Global protein synthesis analysis
(€263

{(macetaxine

0.15 o
(macetaxine

0.7 uld

LERELL LR AL LR RRLL LR RLLL LR RRLL | R ELLL LR RRLL
102 104 106 108
OP-Puro-AF488
FIG. 3A

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

1/26
...:i_f} Isotype Omacetaxine Omacetaxine {Omucetaxine
- control 0 uld 0.15 uld 0.7 uld
[ A7
HC 263 |
H{( 40
HOC 65-2
AN ”
HCT1 |
HCT14 |

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

OP-Puro-AF488 MF

Omacetoxine (uM)

FI6. 3C

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480

NS

9/26
e-Myc
S
I *k %
;‘ * %
5

PCT/US2020/040075

I‘f"}

N
N
s

100
L
3
T 504 |F
; ﬂﬂ

mmmm mmmm wmmm mmmm mmmm mmmm

Omacelaxing {uM) F.Eﬁ 3@
B-catenin
Eﬂﬂ"’ o g R % kX
P Vo ™ b Awa
g Ei\gg } i } .
P i %
E“ESE *Ek% Q’- l T
L A ¥
hd o
g’g gm} "" x % % ¥
:,: . I * %
g 30- % .
5 AE N
Al NN %@ WL W E@

P UL
W

_miww
&

SUBSTITUTE SHEET (RULE 26)

.n.‘ww
(¥ ]

"”"w""%i
L o]

Omucetaxine (uM}

"’"‘WN
L% ]

mmmm @@@@ mmmm mmmm mmmm mmmm

oo 8558 S
&

FI6. 3E

EZZZJ R((2
N H(CZ
3 HOC4
5
6

-3
5

m HCC
HOC 65-2
i

&
§
0
§
5
HOC 67-



WO 2020/264480 PCT/US2020/040075

YIAP
100
* kR
&%
*
3 & ¥ &
= & %
X riji""'""""i %* %k
ey gk
Z 3 *
g 504 i
& : & % %
< T *-k* o -
*
g'-L; ***

mmmm mmmm wmmm mmmm mmmm mmmm

Qmmemxme {ub} FIG 3 F

MET
100 -
fmﬂii""} EEw
?"""'?f'""i * ko * Fe |
. ;* a g kk%k g ;’"";“*"““'““'; E';"'"i 1
‘.\?ﬁ, A hd i E ; k k%
"% 59“ i'"i"'l E"i""i . i
% . % ;’ oy T o % 5
T ¥4 ™
B
A %gﬁ ) EE@

mmmm mmmm mmmm mmmm mmmm mmmm
&3 & (¥ ] L 2] L% ]

Omacetaxine {uM} fIG, 3 5

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

11/26
(yclin D1
100 Y
I
L
!,..3*.3%?.‘.........; {'% ;’s* -
W % 1 g...} s % & %
T, T N (%
= b F G 2= m 765
E 50- AHH B I H{C 40
m% . SRS H{C 59
¥ K 65
/
il N
0 - e % AR E Pl §

T T T e f T
o008 £ 28 Secedd el I | mooodl 5 Mool ooooct @ .5 o el % | o008 £ a8 Sendd
7™ L [ (¥ ] &5 L7

Omacetoxine {uM} FIG 3 E“ﬁ

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480

H(C 26-5

H(C 40

HOC 59

H(C 652

HCC67-1

Omacetoxine
0.15 o

Omacetaxine
0.3uM

PCT/US2020/040075

{macetaxine
0.7 uld

SUBSTITUTE SHEET (RULE 26)

¥



WO 2020/264480 PCT/US2020/040075

13/26
Ki67
% Yehicle Omacetaxine {(moceloxine Omacetoxine
N 0 uM 0.15uld 0.3 ul 0.7 ol
HOC 26-3
H{( 26-5
HOC 40
HOC 59
H(C 65-2
H{C 671

SUBSTITUTE SHEET (RULE 26)

¥



WO 2020/264480 PCT/US2020/040075
14/26
Brdll
.
5@‘“ &%
T |
™
n xR K
0 * k% i ‘
|
I e
;‘E 3&" E‘k E ;
:a: I kR
= 1 Mex |
e 7
E - e ,
10
mmmm mmmm wmmm mmmm mmmm mmmm
gww mmw G:mw ;u;ww &aﬁww :;ww
Omacetoxine {uM} FIG 4{
Kib7
30~ I * e ki
i %% | &% Lk E % E
M1 | *% "
éﬂ}wi* | v B P r
ir_j_g____i ; I Py l
. - Max 1
3\3 3@“ -L ;";"""""'3 "T{
B N L 41 "
£ 3 [
E nq ¢ i .
R g
L0 NN ﬁaﬂ s
mmmm mmmm mmmm mmmm mmmm mmmm

oo 8553 S
W

_miw%.g
&

ot £33 S0 oot £ 3 o0 oot §43 P oo 8553 S
847 L 2] L% ] &3

Omacetaxine {uM} FIG 4 @

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

15/26
Apoptosis
o Yehicle Omacetaxine Omacetaxine
= 0 uM 0.35 uld 0.7 ub
HCC 26-3
H(L 26-5
HCC 40
HCC 59
H({ 65-2
HOC 67-1

¥

Annexin V PE FIG. 5 ﬁ

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

16/26
(leaved Cospase 3
Vehide Omacetaxine Omaocetoxine Omacetaxine
0 uM 0.15 oM 0.3uM 0.7 uld
Heezes |
HC26-5 |
HOC40 | 7
HOC5% | 7
HOC6S2 |
H 67-1 ]

¥

{leaved cuspose 3 FIG 5 g

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

17/26
100
Early Apoptosis
80 -
S 60— L
-2 1 T
% i b 1 !* 1 ;;:-
= 40- 2
i NS
20 - IJ] S
L]

! { i i ¥
LICL & Soud a3 ot [FER £ad ot &a ey

100 Late Apoplosis

80 -
% 6@"‘ " 1 * %
e RS T
8 o aw —
8 ! ! L
& 40 4 P

W 2 Jﬁim—;

NS R b
o] Nﬂ@ wm’a Al 7 N

mmm mmm mmm mmm mmm mmm
Ed "o £ oo &3 ond £42 S Za3 g £

Omacetodine (uM} FIG 5 Q

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

(leaved Caspase 3

160 -
By E““m‘““i
* % NS
- raly
™ ™
% £0 1 rv:g*
e A
E 404 1l & r-_----g
—
e
20 - ﬁ
IJ-I &N N

mmmm mmmm mmmm mmmm mmwm mmmm
ot £.23 0 s €03 oo e 3 e MY JEN Y oot 2% o ot £8Py
(%] L™ ] L] (%] &9 (¥ ]

Omacetaxine {uM) FIG 5 E

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480

HCC 26-3

H(C 26-3

HIC 40

HCC 59

H(C 652

HCC 67-1

{ount

.

Vehide
0 uld

19/26

Omacetoxine
815 oM

PCT/US2020/040075

{(macetoxine
0.3 0

Omacstaxine
0.7 uM

¥ T T T ¥ L} ¥ ¥ T Ll ¥ Y 4 T T
¥
§
3
¥ ¥ g 4 4 4 4 ¥ Y L} 3 3 4 ¥ ¥ ¥ 7

SUBSTITUTE SHEET (RULE 26)



J

WO 2020/264480 PCT/US2020/040075
20/26
100, e HCC263 HOC 26-5
i 1 Control 0 ] C1 Conirol
B0 70,15 ulh 2 : 70,15 uld
3 0.3 uM 0.3 uMd
32 60| = E30.7 uM 3;\; 40 I; E10.7 uM
Ba| N = Egl NG v
S\ - I
20 S 'T 20 i =n %
0 S Z x5 % = 0 rﬁ% -
60/5 S 62/M 60/61 S 62/M
100, =y ! oD
= 3 ontrol 100, of] HECS9
: 1 Control
80 : 70.15 o 7N o e,
3 0.3 uM 80 “y.iu
; - F10.7 uM T NHRET
0] s A = 10 £10.7 uM
> LONH —rr E
% % & & W
B9 . E 40 .
e |
20 - 2 gg
o LLANH FlziNm L o LLANH 2 |17
60/61 g 62/M 60/61 S 62/
100 HOC 652 ool 1 Control
2 m0I5uM ontro
Sy 03 ol 00) o BT o5y
B¥x NE!!
52 2R a® &%
=0 N e % 6 : =
2 40 < 49 1.
B %% . W N
s Ml E
o LN AR- 1 Ng o LLANH  0Ss|IZNA
60/5 ; G2/M 60/61 S 62/M
\
-
FIG. 68

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

21/26
- -o- (ontrol - L : z oz
“E 40004 = Omacetaxine ;
E E 90
23 * 3 -o- {onfrol
x ?; -2 (macetoxine
=y z
S =2 10-
E ] -
, 0 , | |
80 i 20 40 60
Days ofter freatment

FIG.7B

Control

50 HCC PDX

B I
B ] "’"‘Q“""
i
% 4.‘ — L
E
foee 2_ I

0 oo a

{ontrol Omaocetoxine

FiG. 7D

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

22/
A000- 26-3 HCC PDX

e — 30+
] -o- {onirol :
.ig;; 0004 o Omacetaxine E 2
—-% 2000 % -o- {onirol
= S0l = Omacetaxine
2 1000- B

G“‘{: L= . £ e | al | G ; 3 ;

¢ 10 20 30 ¢ 10 20 30
Days Days after ireatment

FI6.7E FI6. 7F

{onirel

Omacetoxine

; 1 * -
% 6 o “g’z; 17
g 58
§ 4 =8 50— Confrol
& €22 |--- Omocetoxine
]
ﬂ ¥ ¥ . i ﬂ ¥ { L i
{ontrol Omacetaxine ] 0 40 60
Time to death{Days post tumor inoculation)
FI6./H

FI6.71

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

{onirol

Omaceloxine

{ontrol

Omaceloxine

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480

PCT/US2020/040075
24/26
Ki67 (leaved (aspose 3
B 8- A
1
21 g b T
E 4
= {.5- =
N 2-
0.0 , Wl A g k = N :
Control  Omacetoxine {onfrol  Omacetodne
FI6.8(C F16.8D
Control
Omocelaxine
.

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

{onirol

Omaceloxine

{ontrol

Omaceloxine

Ny
F16.86

SUBSTITUTE SHEET (RULE 26)



WO 2020/264480 PCT/US2020/040075

{onirol

Omaceloxine

{ontrol

Omaceloxine

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2020/040075

A. CLASSIFICATION OF SUBJECT MATTER

A61K 31/55 (2006.01)
AG6IK 39/395 (2006.01)
AG61P 35/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K 31/00, 31/55, 39/00, 39/395, A61P 35/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO Internal), USPTO, PAJ, Espacenet, Information Retrieval System of FIPS, Google

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2014/031936 A3 (JONES PHILIP et al.) 27.02.2014,
X paragraphs [0014], [0208], claims 32-33, paragraphs [0174], [0215]-[0216] 1-6,9
Y 7-8
Y SOLIMANDO D.A. Jr. et al. Drug Monographs: Cabozantanib and Omacetaxine. 7-8
Hosp Pharm., 2013, 48(5): pp. 373—, p. 373
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered

to be of particular relevance

“D”  document cited by the applicant in the international application
“E”  earlier document but published on or after the international filing date
“L”  document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

11 September 2020 (11.09.2020)

Date of mailing of the international search report

01 October 2020 (01.10.2020)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
M. Gankova

Telephone No. 8(495)531-65-15

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - wo-search-report

