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SUBCUTANEOUS TELOMERASE INHIBITOR COMPOSITIONS AND METHODS FOR

USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims the benefit of U.S. Provisional Application No. 63/053,455,
filed July 17, 2020, and U.S. Provisional Application No. 63/128,708, filed December 21, 2020,

the disclosures of which are incorporated herein by reference in their entirety.

INTRODUCTION
[002] Hematologic malignancies are forms of cancer that begin in the cells of blood-
forming tissue, such as the bone marrow, or in the cells of the immune system. Examples of
hematologic cancer are acute and chronic leukemias, lymphomas, multiple myeloma and
myelodysplastic syndromes.
[003] Myeloproliferative Neoplasms (MPNs) are a group of blood disorders that occur
when the body makes too many white or red blood cells, or platelets. This overproduction of
blood cells in the bone marrow can create problems for blood flow and lead to various
symptoms. MPNs can arise from precursors of the myeloid lineages in the bone marrow. MPNs
are characterized by myeloproliferation without dysplasia, bone marrow hypercellularity, and
predisposition to thrombosis, hemorrhage, and bone marrow fibrosis. There are various types of
chronic myeloproliferative disorders. Included in the MPN disease spectrum are Essential
Thrombocythemia (ET), Polycythemia vera (PV), Chronic Myelogenous Leukemia (CML),
myelofibrosis (MF), chronic neutrophilic leukemia, chronic eosinophilic leukemia, and acute
myelogenous leukemia (AML). A myelodysplastic syndrome (MDS) is a group of symptoms that
includes cancer of the blood and bone marrow. Myelodysplastic syndromes (MDS) includes
diseases such as refractory anemia, refractory anemia with excess blasts, refractory cytopenia
with multilineage dysplasia, refractory cytopenia with unilineage dysplasia, and chronic
myelomonocytic leukemia (CMML).
[004] Imetelstat or imetelstat sodium is a telomerase inhibitor that binds with high affinity
to the template region of the RNA component of telomerase. Studies have shown that imetelstat

or imetelstat sodium inhibits telomerase activity and is effective against cell proliferation in a
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multitude of different cancer cell lines and human tumors, such as described in U.S. Patent No.
7,494,982, Imetelstat or imetelstat sodium has been used in clinical trials of patients with
hematologic malignancies, including myelodysplastic syndromes and myeloproliferative
neoplasms, and solid tumors. A clinical trial of patients with lower risk myelodysplastic
syndrome showed that imetelstat or imetelstat sodium administered intravenously was able to
achieve durable transfusion independence in certain patients. In addition, a clinical trial of
patients with myelofibrosis showed that imetelstat or imetelstat sodium administered
intravenously was able to achieve improvement in overall survival and bone marrow fibrosis that
correlated with reduction of mutation burden and cytogenetic abnormalities of malignant clones.
[005] For subcutaneous administration, a large volume of a liquid composition of a
telomerase inhibitor is administered in order to achieve an effective dose. The term
subcutaneous refers to a hypodermal layer of the skin, such as the subcutis layer. The
subcutaneous interstitial matrix is composed of fibrous proteins in a viscoelastic gels of
glycosaminoglycans. Glycosaminoglycans in the subcutaneous tissue include glycoHyaluronan
(HA), a non-sulfated repeating linear disaccharide. Delivery of a large volume of liquid into the
subcutaneous tissue may be limited and/or painful. Hyaluronidase enzyme (e.g., soluble
hyaluronidase glycoprotein) facilitates rapid depolymerization of hyaluronan in the extracellular
space of the subcutis and reduces the viscosity of the interstitium, increasing hydraulic
conductance and allowing for larger volumes of liquid to be administered into the subcutaneous

tissue.

SUMMARY
[006] Aspects of the disclosure include telomerase inhibitor compositions formulated for
subcutaneous administration. Compositions according to certain embodiments include a
hyaluronidase enzyme and a telomerase inhibitor having an oligonucleotide and a lipid moiety
linked to the 5” and/or 3’ end of the oligonucleotide. Methods for subcutaneously administering
the telomerase inhibitor compositions for the treatment of cancer and the alleviation of
symptoms associated with cancer are described. Methods for subcutaneously administering the
telomerase inhibitor compositions in the treatment of hematologic malignancies are also
described. Methods for subcutaneously administering the telomerase inhibitor compositions in

the treatment of myelodysplastic syndromes (MDS) including diseases such as, refractory



WO 2022/015935 PCT/US2021/041755

anemia, refractory anemia with excess blasts, refractory cytopenia with multilineage dysplasia,
refractory cytopenia with unilineage dysplasia, and chronic myelomonocytic leukemia (CMML)
are also described. Methods for subcutaneously administering the telomerase inhibitor
compositions in the treatment of myeloproliferative neoplasms, such as Essential
Thrombocythemia (ET), Polycythemia vera (PV), ChronicMyelogenous Leukemia (CML),
myelofibrosis (MF), chronic neutrophilic leukemia, chronic eosinophilic leukemia, and acute
myelogenous leukemia (AML) are also described. Methods for subcutaneously administering the
telomerase inhibitor compositions in the treatment of lymphoid neoplasms are also described.
Methods for subcutaneously administering the telomerase inhibitor compositions in the treatment
of solid tumors are also described. A liquid or lyophilized unit dosage form comprising a
hyaluronidase enzyme and a telomerase inhibitor are described. Kits having a combination of
telomerase inhibitor and hyaluronidase enzyme are also provided. Kits with a combination of
telomerase inhibitor and hyaluronidase enzyme and a subcutaneous injector are also provided.
[007] In some embodiments, the hyaluronidase enzyme is a recombinant human
hyaluronidase. In certain embodiments, the hyaluronidase enzyme is rHuPH20. In some
embodiments, telomerase inhibitor subcutaneous compositions include one or more soluble
hyaluronidase glycoproteins. In embodiments, the hyaluronidase enzyme is present in the
composition in an amount of from 100 U to 50,000 U. In some instances, the hyaluronidase
enzyme is present in the composition in an amount of from 100 U/mL to 50,000 U/mL. In some
instances, the hyaluronidase enzyme is present in the composition in an amount of from 100
U/mL to 2,000 U/mL. In some embodiments, the hyaluronidase enzyme (e.g., soluble
hyaluronidase glycoprotein) is present in an amount that facilitates subcutaneous administration
of the subject telomerase inhibitor composition. In some instances, the hyaluronidase enzyme is
present in an amount that facilitates rapid depolymerization of hyaluronan in the extracellular
space of the subcutis and thereby reduces the viscosity of the interstitium, increasing hydraulic
conductance and allowing for larger volumes of the telomerase inhibitor composition to be
administered into the subcutaneous tissue.

[008] In some embodiments, the hyaluronidase enzyme is a variant of a recombinant human
hyaluronidase. In certain embodiments, the hyaluronidase enzyme is a variant of hyaluronidase
PH20 having one or more amino acid residue additions, deletions or substitutions to the amino

acid sequence of wild-type PH20, such as a variant hyaluronidase PH20 having one or more
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amino acid residue additions, deletions or substitutions to the amino acid sequence of mature
wild-type PH20. In certain embodiments, the hyaluronidase enzyme is a fragment of wild-type
hyaluronidase PH20. In certain embodiments, the hyaluronidase enzyme is a fragment of wild-
type hyaluronidase PH20 having one or more amino acid residue additions, deletions or
substitutions to the amino acid sequence of wild-type hyaluronidase PH20.

[009] The subject compositions may include one or more pharmaceutically acceptable
excipients. In some embodiments, the composition includes one or more saccharides. In some
instances, the saccharides include one or more monosaccharides. The monosaccharides may be
present in the composition in an amount of from 1 mM to 1000 mM, such as from 10 mM to 500
mM. In some instances, the saccharides include one or more polysaccharides. In some
instances, the polysaccharides include sucrose. In other instances, the polysaccharides include
trehalose. The polysaccharides may be present in the composition in an amount of from 1 mM to
1000 mM, such as from 10 mM to 500 mM. In certain instances, the polysaccharides are present
in the composition in an amount of from 100 mM to 300 mM.

[0010] In some embodiments, the composition includes one or more amino acids. In certain
embodiments, the composition includes an amount of methionine. In other embodiments, the
composition includes an amount of histidine. In these embodiments, the amino acids may be
present in the composition in an amount of from 1 mM to 200 mM, such as from 1 mM to 100
mM. In certain embodiments, the amino acids are present in the composition in an amount of
from 1 mM to 50 mM.

[0011] Compositions may also include one or more buffers. In some instances, the buffers
are present in the composition in an amount to maintain the composition at a predetermined pH.
For example, the one or more buffers may be present in the composition to maintain the
composition at a pH of from 3.0 to 9.0, such as a pH of from 5.5t0 7.5. In some embodiments,
the buffer is present in the composition in an amount of from 1 mM to 250 mM, such as from 1
to 100 mM and including from 1 mM to S0 mM. In certain instances, the buffer is a histidine
buffer. In certain instances, the composition comprises a methionine and polysorbate 80 or
polysorbate 20.

[0012] In any of the embodiments herein, the telomerase inhibitor comprises an
oligonucleotide. In some embodiments, the oligonucleotide is complementary to the RNA

component of telomerase. In some embodiments, the oligonucleotide is 10-20 base pairs in
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length. In some embodiments, the oligonucleotide comprises the sequence
TAGGGTTAGACAA. In some embodiments of any of the embodiments herein, the
oligonucleotide comprises at least one N3’ P5’ thiophosphoramidate internucleoside linkage.
In some embodiments of any of the embodiments herein, oligonucleotide comprises all N3’ >
PS5’ thiophosphoramidate internucleoside linkages. The telomerase inhibitor according to certain
embodiments is an oligonucleotide that includes a lipid moiety linked to the 5’ and/or 3’ end of
the oligonucleotide. . In certain embodiments, the lipid moiety of the telomerase inhibitor is
linked to the 5” and/or 3’ end of the oligonucleotide via a linker. In some instances, the linker is
a glycerol or aminoglycerol linker. In certain instances, the lipid moiety of the telomerase
inhibitor is a palmitoyl (C16) moiety. In some embodiments, the subject compositions include
imetelstat or a pharmaceutically acceptable salt thereof. In certain embodiments, compositions
include imetelstat sodium.

[0013] In some embodiments, the amount of telomerase inhibitor in the subcutaneous
composition is from about 0.5 to about 5 mg, about 5 to about 10 mg, about 10 to about 15 mg,
about 15 to about 20 mg, about 20 to about 25 mg, 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, about 200 to about 225 mg, about 225 to about 250 mg, about 250 to about 300 mg, about
300 to about 350 mg, about 350 to about 400 mg, about 400 to about 450 mg, about 450 to about
500 mg, about 500 mg to about 600 mg, about 600 mg to about 700 mg, about 700 mg to about
800 mg, about 800 mg to about 900 mg, about 900 mg to about 1000 mg, about 1100 mg to
about 1200 mg, about 1200 mg to about 1300 mg, about 1300 mg to about 1400 mg, about 1400
mg to about 1500 mg, about 1500 mg to about 1600 mg, about 1600 mg to about 1700 mg, about
1700 mg to about 1800 mg, about 1800 mg to about 1900 mg, about 1900 mg to about 2000 mg,
about 2000 mg to about 2100 mg, about 2100 mg to about 2200 mg, about 2200 mg to about
2300 mg, about 2300 mg to about 2400 mg, about 2400 mg to about 2500 mg.

[0014] In some embodiments, the amount of a telomerase inhibitor is in a unit dosage form
having an amount in the range of from about 5 mg to about 1000 mg, 5 mg to about 500 mg,
such as about 30 mg to about 300 mg or about 50 mg to about 200 mg. In some embodiments,

the amount of a telomerase inhibitor is in a unit dosage form having an amount in the range of
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from about 500 mg to about 3000 mg, 750 mg to about 2500 mg, such as about 1000 mg to about
2000 mg or about 50 mg to about 200 mg. The unit dosage form may be liquid or lyophilized.
[0015] In some embodiments, the concentration of the telomerase inhibitor in the
composition is dilute (about 0.1 mg/ml) or concentrated (about 300 mg/ml), including, for
example, any of about 0.1 to about 300 mg/ml, of about 0.1 to about 200 mg/ml, about 0.1 to
about 180 mg/ml, about 0.1 to about 160 mg/ml, about 0.1 to about 140 mg/ml, about 0.1 to
about 120 mg/ml, about 0.1 to about 100 mg/ml, about 0.1 to about 80 mg/ml, about 0.1 to about
60 mg/ml, about 0.1 to about 40 mg/ml, about 0.1 to about 20 mg/ml, about 0.1 to about 10
mg/ml about 2 to about 40 mg/ml, about 4 to about 35 mg/ml, about 6 to about 30 mg/ml, about
8 to about 25 mg/ml, about 10 to about 20 mg/ml, about 12 to about 15 mg/ml, or any of about
0.1 mg/ml, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9
mg/ml, 1 mg/ml, 1.1 mg/ml, 1.2 mg/ml, 1.3 mg/ml, 1.4 mg/ml, 1.5 mg/ml, 1.6 mg/ml, 1.7
mg/ml, 1.8 mg/ml, 1.9 mg/ml, 2 mg/ml, 2.1 mg/ml, 2.2 mg/ml, 2.3 mg/ml, 2.4 mg/ml, or 2.5
mg/ml. In some embodiments, the concentration of the telomerase inhibitor is at least about any
of 0.1 mg/ml, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 1.3 mg/ml, 1.5 mg/ml, 2 mg/ml, 3
mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, 11 mg/ml, 12
mg/ml, 13 mg/ml, 14 mg/ml, 15 mg/ml, 16 mg/ml, 17 mg/ml, 18 mg/ml, 19 mg/ml, 20 mg/ml,
21 mg/ml, 22 mg/ml, 23 mg/ml, 24 mg/ml, 25 mg/ml, 26 mg/ml, 27 mg/ml, 28 mg/ml, 29
mg/ml, 30 mg/ml, 31 mg/ml, 32 mg/ml, 33 mg/ml, 33.3 mg/ml, 34 mg/ml, 35 mg/ml, 36 mg/ml,
37 mg/ml, 38 mg/ml, 39 mg/ml, 40 mg/ml, 50 mg/ml, 60 mg/ml, 70 mg/ml, 80 mg/ml, 90
mg/ml, 100 mg/ml, 110 mg/ml, 120 mg/ml, 130 mg/ml, 140 mg/ml, 150 mg/ml, 160 mg/ml, 170
mg/ml, 180 mg/ml, 190 mg/ml, 200 mg/ml, 210 mg/ml, 220 mg/ml, 230 mg/ml, 240 mg/ml, 250
mg/ml, 260 mg/ml, 270 mg/ml, 280 mg/ml, 290 mg/ml, or 300 mg/ml. In certain embodiments,
the composition is formulated to include the telomerase inhibitor, such as imetelstat or imetelstat
sodium, at a dosage of from about 2.0 mg/kg to about 20.0 mg/kg, about 3.0 mg/kg to about 15.0
mg/kg, such as from about 4.0 mg/kg to about 10 mg/kg, from about 7.5 mg/kg to 9.4 mg/kg,
from about 9 mg/kg to about 11 mg/kg, and from about 11 mg/kg to about 14 mg/kg. In
certain embodiments, the composition is formulated to include the telomerase inhibitor, such as
imetelstat or imetelstat sodium, at a dosage of 4.0 mg/kg, 4.1 mg/kg, 4.2 mg/kg, 4.3 mg/kg, 4.4
mg/kg, 4.5 mg/kg, 4.6 mg/kg, 4.7 mg/kg, 4.8 mg/kg, 4.9 mg/kg, 5.0 mg/kg, 5.1 mg/kg, 5.2
mg/kg, 5.3 mg/kg, 5.4 mg/kg, 5.5 mg/kg, 5.6 mg/kg, 5.7 mg/kg, 5.8 mg/kg, 5.9 mg/kg, 6.0
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mg/kg, 6.1 mg/kg, 6.2 mg/kg, 6.3 mg/kg, 6.4 mg/kg, 6.5 mg/kg, 6.6 mg/kg, 6.7 mg/kg, 6.8
mg/kg, 6.9 mg/kg, 7.0 mg/kg, 7.1 mg/kg, 7.2 mg/kg, 7.3 mg/kg, 7.4 mg/kg, 7.5 mg/kg, 7.6
mg/kg, 7.7 mg/kg, 7.8 mg/kg, 7.9 mg/kg, 8.0 mg/kg, 8.1 mg/kg, 8.2 mg/kg, 8.3 mg/kg, 8.4
mg/kg, 8.5 mg/kg, 8.6 mg/kg, 8.7 mg/kg, 8.8 mg/kg, 8.9 mg/kg, 9.0 mg/kg, 9.1 mg/kg, 9.2
mg/kg, 9.3 mg/kg, 9.4 mg/kg, 9.5 mg/kg, 9.6 mg/kg, 9.7 mg/kg, 9.8 mg/kg, 9.9 mg/kg, 10.0
mg/kg, 10.5 mg/kg, 11.0 mg/kg, 11.5 mg/kg, 12.0 mg/kg, 12.5 mg/kg, 13.0 mg/kg, 13.5 mg/kg,
14.0 mg/kg, 14.5 mg/kg, 15.0 mg/kg, 15.5 mg/kg, 16.0 mg/kg, 16.5 mg/kg, 17.0 mg/kg, 17.0
mg/kg, 17.5 mg/kg, 18.0 mg/kg, 18.5 mg/kg, 19.0 mg/kg, 19.5 mg/kg, or 20.0 mg/kg.

[0016] Aspects of the disclosure also include methods for subcutaneously administering a
telomerase inhibitor composition to a subject. In practicing methods according to certain
embodiments, a composition having a telomerase inhibitor and a hyaluronidase enzyme is
subcutaneously administered to the subject. In some embodiments, the composition is
administered to the subject by subcutaneous injection. In other embodiments, the composition
may be administered to the subject from an implanted device, such as a subcutaneously
implanted catheter. In certain embodiments, the telomerase inhibitor composition is
administered to the subject with a subcutaneous bolus injector configured to subcutaneously
deliver a predetermined amount of the composition to the subject. In certain embodiments, the
telomerase inhibitor and the hyaluronidase enzyme are administered simultaneously. For
example, the telomerase inhibitor and the hyaluronidase enzyme can be mixed together prior to
administration. In some instances, the telomerase inhibitor and the hyaluronidase enzyme are
administered sequentially. For example, the hyaluronidase enzyme can be administered before
the telomerase inhibitor. In some cases, the hyaluronidase enzyme is administered first followed
by administration of the telomerase inhibitor. For instance, the hyaluronidase enzyme can be
administered immediately followed by administration of the telomerase inhibitor.

[0017] In certain embodiments, the subject methods include treating a neoplasm. In
some embodiments, the neoplasm may be a solid tumor cancer. Examples of cancers for
treatment according to embodiments of the present disclosure may include but are not limited to,
e.g., Adrenocortical Carcinoma, Anal Cancer, Appendix Cancer, Astrocytomas, Atypical
Teratoid/Rhabdoid Tumor, Basal Cell Carcinoma, Bile Duct Cancer (Extrahepatic), Bladder
Cancer, Bone Cancer (e.g., Ewing Sarcoma, Osteosarcoma and Malignant Fibrous Histiocytoma,

etc.), Brain Stem Glioma, Brain Tumors (e.g., Astrocytomas, Central Nervous System
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Embryonal Tumors, Central Nervous System Germ Cell Tumors, Craniopharyngioma,
Ependymoma, etc.), Breast Cancer (e.g., female breast cancer, male breast cancer, childhood
breast cancer, etc.), Bronchial Tumors, Carcinoid Tumor (e.g., Childhood, Gastrointestinal, etc.),
Carcinoma of Unknown Primary, Cardiac (Heart) Tumors, Cervical Cancer, Colon Cancer,
Colorectal Cancer, Craniopharyngioma, Duct (e.g., Bile Duct, Extrahepatic, etc.), Ductal
Carcinoma In Situ (DCIS), Embryonal Tumors, Endometrial Cancer, Ependymoma, Esophageal
Cancer, Esthesioneuroblastoma, Ewing Sarcoma, Extracranial Germ Cell Tumor, Extragonadal
Germ Cell Tumor, Extrahepatic Bile Duct Cancer, Eye Cancer (e.g., Intraocular Melanoma,
Retinoblastoma, etc.), Fibrous Histiocytoma of Bone (e.g., Malignant, Osteosarcoma, etc.),
Gallbladder Cancer, Gastric (Stomach) Cancer, Gastrointestinal Carcinoid Tumor,
Gastrointestinal Stromal Tumors (GIST), Germ Cell Tumor (e.g., Extracranial, Extragonadal,
Ovarian, Testicular, etc.), Gestational Trophoblastic Disease, Glioma, Hairy Cell Leukemia,
Head and Neck Cancer, Heart Cancer, Hepatocellular (Liver) Cancer, Histiocytosis (e.g.,
Langerhans Cell, etc.), Hypopharyngeal Cancer, Intraocular Melanoma, Islet Cell Tumors (e.g.,
Pancreatic Neuroendocrine Tumors, etc.), Kidney Cancer (e.g., Renal Cell, Wilms Tumor,
Childhood Kidney Tumors, etc.), Langerhans Cell Histiocytosis, Laryngeal Cancer, Lip and Oral
Cavity Cancer, Liver Cancer (Primary), Lobular Carcinoma In Situ (LCIS), Lung Cancer (e.g.,
Non-Small Cell, Small Cell, etc.), Malignant Fibrous Histiocytoma of Bone and Osteosarcoma,
Melanoma, Merkel Cell Carcinoma, Mesothelioma, Metastatic Squamous Neck Cancer with
Occult Primary, Mouth Cancer, Multiple Endocrine Neoplasia Syndromes, Nasal Cavity and
Paranasal Sinus Cancer, Nasopharyngeal Cancer, Neuroblastoma, Non-Small Cell Lung Cancer,
Oral Cancer, Oral Cavity Cancer (e.g., Lip, etc.), Oropharyngeal Cancer, Osteosarcoma and
Malignant Fibrous Histiocytoma of Bone, Ovarian Cancer (e.g., Epithelial, Germ Cell Tumor,
Low Malignant Potential Tumor, etc.), Pancreatic Cancer, Pancreatic Neuroendocrine Tumors
(Islet Cell Tumors), Papillomatosis, Paraganglioma, Paranasal Sinus and Nasal Cavity Cancer,
Parathyroid Cancer, Penile Cancer, Pharyngeal Cancer, Pheochromocytoma, Pituitary Tumor,
Pleuropulmonary Blastoma, Prostate Cancer, Rectal Cancer, Renal Cell (Kidney) Cancer, Renal
Pelvis and Ureter, Transitional Cell Cancer, Retinoblastoma, Rhabdomyosarcoma, Salivary
Gland Cancer, Sézary Syndrome, Skin Cancer (e.g., Childhood, Melanoma, Merkel Cell
Carcinoma, Nonmelanoma, etc.), Small Cell Lung Cancer, Small Intestine Cancer, Soft Tissue

Sarcoma, Squamous Cell Carcinoma, Squamous Neck Cancer (e.g., with Occult Primary,
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Metastatic, etc.), Stomach (Gastric) Cancer, Testicular Cancer, Throat Cancer, Thymoma and
Thymic Carcinoma, Thyroid Cancer, Transitional Cell Cancer of the Renal Pelvis and Ureter,
Ureter and Renal Pelvis Cancer, Urethral Cancer, Uterine Cancer (e.g., Endometrial, etc.),
Uterine Sarcoma, Vaginal Cancer, Vulvar Cancer, Waldenstrom Macroglobulinemia, Wilms
Tumor, and the like. In certain embodiments, methods include treating a subject having a
neoplasm as described in U.S. Patent No 7,494,982,

[0018] In some embodiments, the neoplasm may be a hematological neoplasm. In certain
embodiments, the subject methods include treating a subject having a myeloproliferative
neoplasm. In some instances, the myeloproliferative neoplasm is myelofibrosis (MF), such as
primary myelofibrosis, or myelofibrosis following previous ET or PV (post-ETMF or post-
PVMF) . In other embodiments, the myeloproliferative neoplasm includes Essential
Thrombocythemia (ET), Polycythemia vera (PV), Chronic Myelogenous Leukemia (CML),
chronic neutrophilic leukemia, chronic eosinophilic leukemia, and acute myelogenous leukemia
(AML). In other instances, the hematologic neoplasm is myelodysplastic syndromes (MDS). In
still other embodiments, the hematologic neoplasm is myelodysplastic syndromes (MDS) with
isolated non-del (5q). Myelodysplastic syndromes (MDS) include diseases such as, refractory
anemia, refractory anemia with excess blasts, refractory cytopenia with multilineage dysplasia,
refractory cytopenia with unilineage dysplasia, and chronic myelomonocytic leukemia (CMML).
Methods according certain embodiments also include diagnosing a subject has having a
myeloproliferative neoplasm. In one example, methods include diagnosing the subject has
having myelofibrosis (MF), such as primary myelofibrosis. In some embodiments, the subject
has not previously been administered a telomerase inhibitor (e.g., is telomerase inhibitor naive).
In some embodiments, the subject is a subject with lower risk transfusion dependent MDS who is
relapsed or refractory to an erythropoietin stimulating agent (ESA). In some embodiments, the
subject has not received prior treatment with a hypomethylating agent (HMA). In some
embodiments, the subject has not received prior treatment with lenalidomide. In some
embodiments, the subject is a subject who is non-del(5q). In some embodiments, the subject is a
subject who is relapsed or refractory to a Janus kinase (JAK) inhibitor. In some embodiments,
the subject methods include treating a subject having a myeloproliferative neoplasm, such as

described in U.S. Patent No. 9,375,485 and International Patent Publication Nos. WO
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2019/023667 and WO 2020/028261, the disclosures of which are herein incorporated by
reference.

[0019] In certain embodiments, the subject methods include treating a subject having a
lymphoid neoplasm. In some embodiments the lymphoid neoplasm (e.g., lymphoma) is a B-cell
neoplasm. In some embodiments the lymphoid neoplasm (e.g., lymphoma) is a T-cell and/or
putative NK-cell neoplasm.

[0020] In certain embodiments, a telomerase inhibitor and a hyaluronidase enzyme are
subcutaneously administered to the subject. The telomerase inhibitor composition and the
hyaluronidase enzyme may be subcutaneously administered to the subject one or more times per
day, such as two times per day or more, such as three times per day or more, such as four times
per day or more and including five times per day or more. In some embodiments, the
composition is subcutaneously administered to the subject for 1 day or more, 2 days or more, 3
days or more, 4 days or more, 5 days or more, 6 days or more, 7 days or more, such as for 10
days or more, such as for 14 days or more, such as for 21 days or more. The dosing may be
administered in cycles of administration of the telomerase inhibitor composition and the
hyaluronidase enzyme. In some embodiments, the cycle is once every day. In some
embodiments, the cycle is once every other day (i.e., once every 2 days). In some embodiments,
the cycle is once every 3 days. In some embodiments, the cycle is once every 4 days. In some
embodiments, the cycle is once every 5 days. In some embodiments, the cycle is once every 6
days. In some embodiments, the cycle is once every 7 days. In some embodiments, the cycle is
once every 14 days, in some instances the cycle is once every 21 days, in other instances the
cycle is once every 28 or more days. The cycles of administration of the telomerase inhibitor
composition may be repeated for 1, 2, 3, 4, 5, 6, 7, 8 or more than 8 dosage cycles, for a total
period of 6 months or 1 year or 2 years or 3 years or 4 years or 5 years or 6 years or 7 years or 8
years or 9 years or 10 years or more. For example, a cycle of administration can be performed,
followed by no administration of the composition for 1 or more days, and then a subsequent
cycle of administration can be performed. The time between the cycles of administration can be
1 or more days, 2 or more days, 3 or more days, 4 or more days, 5 or more days, 6 or more days,
7 or more days, 10 or more days, 14 or more days, 21 or more days, or 28 or more days.

[0021] Without wishing to be bound by theory, the present invention provides compositions,

unit dosage forms, and kits comprising a telomerase inhibitor and a hyaluronidase enzyme both

10



WO 2022/015935 PCT/US2021/041755

as defined herein with compatibility and stability for use in methods of treating a subject by
subcutaneous administration having a neoplasm. The invention also provides for such
compositions formulated for subcutaneous administration where the composition is safe and
tolerable for the subject being treated and enabling an effective pharmacokinetic profile for the
telomerase inhibitor when co-formulated with the hyaluronidase enzyme. The invention further
provides dosage forms with appropriate liquid volumes containing sufficient doses of the

telomerase inhibitor for subcutaneous administration.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Figure 1 depicts plasma concentration time profiles of imetelstat sodium after
subcutaneous injection and intravenous delivery in rats according to certain embodiments.
[0023] Figure 2 depicts telomerase activity inhibition (%) vs. treatment concentration (uM)

for various sample formulations according to certain embodiments.

SELECT DEFINITIONS

[0024]  The term “nucleoside” refers to a moiety having the general structure:

, Where B represents a nucleobase and the 2' carbon can be substituted as
described below. When incorporated into an oligomer or polymer, the 3' carbon is further linked
to an oxygen or nitrogen atom. Nucleosides may include 2'-deoxy and 2'-hydroxyl (i.e.
deoxyribose and ribose) forms, and analogs thereof. In certain instances, a 5'-NH group can be
substituted for the 5'-oxygen. “Analogs”, in reference to nucleosides, includes synthetic
nucleosides having modified nucleobase moieties (see definition of “nucleobase” below) and/or
modified sugar moieties, such as 2'-fluoro sugars, among other analogs. Such analogs are
typically designed to affect binding properties, e.g., stability, specificity, or the like. The term
nucleoside includes the natural nucleosides, including 2'-deoxy and 2'-hydroxyl forms, e.g., as

described in Komberg and Baker, DNA Replication, 2nd Ed. (Freeman, San Francisco, 1992),
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and analogs. “Analogs”, in reference to nucleosides, includes synthetic nucleosides having
modified nucleobase moieties (see definition of “nucleobase,” infra) and/or modified sugar
moieties, e.g., described generally by Scheit, Nucleotide Analogs (John Wiley, New York, 1980).
Such analogs include synthetic nucleosides designed to enhance binding properties, e.g.,
stability, specificity, or the like, such as disclosed by Uhlmann and Peyman, Chemical Reviews
90:543-584, 1990). An oligonucleotide containing such nucleosides, and which typically
contains synthetic nuclease-resistant internucleoside linkages, may itself be referred to as an
“analog”.

[0025] A “polynucleotide” or “oligonucleotide” refers to a ribose and/or deoxyribose
nucleoside subunit polymer or oligomer having between about 2 and about 200 contiguous
subunits. The nucleoside subunits can be joined by a variety of intersubunit linkages, including,
but not limited to, phosphodiester, phosphotriester, methylphosphonate, P3'>N5'
phosphoramidate, N3'->P5' phosphoramidate, N3->P5' thiophosphoramidate, and
phosphorothioate linkages. The term also includes such polymers or oligomers having
modifications, such as to the sugar (e.g., 2' substitutions), the base, and the 3' and 5' termini. In
embodiments where the oligonucleotide moiety includes a plurality of intersubunit linkages, each
linkage may be formed using the same chemistry, or a mixture of linkage chemistries may be
used. When an oligonucleotide is represented by a sequence of letters, such as “ATGUCCTG,” it
will be understood that the nucleotides are in 5'>3' order from left to right. Representation of the
base sequence of the oligonucleotide in this manner does not imply the use of any particular type
of internucleoside subunit in the oligonucleotide.

[0026] A “nucleobase” includes (i) native DNA and RNA nucleobases (uracil, thymine,
adenine, guanine, and cytosine), (i) modified nucleobases or nucleobase analogs (e.g., 5-
methylcytosine, S-bromouracil, or inosine) and (iii) nucleobase analogs. A nucleobase analog is
a compound whose molecular structure mimics that of a typical DNA or RNA base.

[0027] Theterm “lipid” is used broadly herein to encompass substances that are soluble in
organic solvents, but sparingly soluble, if at all, in water. The term lipid includes, but is not
limited to, hydrocarbons, oils, fats (such as fatty acids and glycerides), sterols, steroids and
derivative forms of these compounds. In some embodiments, lipids are fatty acids and their
derivatives, hydrocarbons and their derivatives, and sterols, such as cholesterol. Fatty acids

usually contain even numbers of carbon atoms in a straight chain (commonly 12-24 carbons) and
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may be saturated or unsaturated, and can contain, or be modified to contain, a variety of
substituent groups. For simplicity, the term “fatty acid” also encompasses fatty acid derivatives,
such as fatty or esters. In some embodiments, the term “lipid” also includes amphipathic
compounds containing both lipid and hydrophilic moieties.

[0028]  An “individual” or a “patient” or a “subject” can be a mammal, such as any common
laboratory model organism. Mammals include, but are not limited to, humans and non-human
primates, farm animals, sport animals, pets, mice, rats, and other rodents. In some embodiments,
an individual or patient or subject is a human. In certain embodiments, the subject or patient has
not previously received telomerase inhibitor therapy prior to certain embodiments, such patients
are “telomerase inhibitor naive”.

[0029] An “effective amount” or “therapeutically effective amount” or “clinically effective
amount” refers to an amount of the telomerase inhibitor, administered to a mammalian subject,
either as a single dose or as part of a series of doses, which is effective to produce a desired
therapeutic effect.

[0030]  As used herein, the term “neoplasm” or “neoplasia” or “neoplastic” refers to abnormal
new cell growth. Unlike hyperplasia, neoplastic proliferation persists even in the absence of an
original stimulus. “Neoplastic cells” refer to cells which exhibit relatively autonomous growth,
so that they exhibit an aberrant growth phenotype characterized by a significant loss of control of
cell proliferation. Neoplastic cells comprise cells which may he actively replicating or in a
temporary non-replicative resting state (G1 or Go); similarly, neoplastic cells may comprise cells
which have a well-differentiated phenotype, a poorly-differentiated phenotype, or a mixture of
both type of cells. Thus, not all neoplastic cells are necessarily replicating cells at a given
timepoint. “Neoplastic cells” encompass such cells in benign neoplasms and cells in malignant
neoplasms. “Neoplastic progenitor cells” refers to cells of a cellular composition that possess the
ability to become neoplastic.

[0031] A “proliferative disorder” is any cellular disorder in which the cells proliferate
more rapidly than normal tissue growth. Thus a “proliferating cell” is a cell that is proliferating
more rapidly than normal cells. The proliferative disorder includes, but is not limited to,
neoplasms. A “neoplasm” is an abnormal tissue growth, generally forming a distinct mass that
grows by cellular proliferation more rapidly than normal tissue growth. Neoplasms show partial

or total lack of structural organization and functional coordination with normal tissue. These can
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be broadly classified into three major types. Malignant neoplasms arising from epithelial
structures are called carcinomas, malignant neoplasms that originate from connective tissues
such as muscle, cartilage, fat or bone are called sarcomas and malignant tumors affecting
hematopoetic structures (structures pertaining to the formation of blood cells) including
components of the immune system, are called leukemias and lymphomas. A tumor is the
neoplastic growth of the disease cancer. As used herein, a neoplasm, also referred to as a
“tumor”, is intended to encompass hematopoietic neoplasms as well as solid neoplasms. Other
proliferative disorders include, but are not limited to, neurofibromatosis.

[0032]  Asused herein, the singular form “a”, “an”, and “the” includes plural references unless
indicated otherwise.

[0033] It is intended that every maximum numerical limitation given throughout this
specification includes every lower numerical limitation, as if such lower numerical limitations
were expressly written herein. Every minimum numerical limitation given throughout this
specification will include every higher numerical limitation, as if such higher numerical
limitations were expressly written herein. Every numerical range given throughout this
specification will include every narrower numerical range that falls within such broader
numerical range, as if such narrower numerical ranges were all expressly written herein.

[0034] Before the present invention is further described, it is to be understood that this
invention is not limited to particular embodiments described, as such may, of course, vary. Itis
also to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present invention
will be limited only by the appended claims.

[0035] Where arange of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated range,
is encompassed within the invention. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges, and are also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also included in

the invention.
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[0036] It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described in
the context of a single embodiment, may also be provided separately or in any suitable sub-
combination. All combinations of the embodiments pertaining to the invention are specifically
embraced by the present invention and are disclosed herein just as if each and every combination
was individually and explicitly disclosed, to the extent that such combinations embrace subject
matter that are, for example, compounds that are stable compounds (i.e., compounds that can be
made, isolated, characterized, and tested for biological activity). In addition, all sub-
combinations of the various embodiments and elements thereof (e.g., elements of the chemical
groups listed in the embodiments describing such variables) are also specifically embraced by
the present invention and are disclosed herein just as if each and every such sub-combination
was individually and explicitly disclosed herein.

[0037] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein can
also be used in the practice or testing of the present invention, methods and materials of interest
are now described. All publications mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the publications are
cited.

[0038] It must be noted that as used herein and in the appended claims, the singular forms
“a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise. It is
further noted that the claims may be drafted to exclude any optional element. As such, this
statement is intended to serve as antecedent basis for use of such exclusive terminology as

 «

“solely,” “only” and the like in connection with the recitation of claim elements, or use of a
“negative” limitation.

[0039] Itis appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described in

the context of a single embodiment, may also be provided separately or in any suitable sub-

combination.
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[0040] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that the
present invention is not entitled to antedate such publication by virtue of prior invention. Further,
the dates of publication provided may be different from the actual publication dates which may
need to be independently confirmed.

[0041] Compounds as described herein can be purified by any of the means known in the art,
including chromatographic means, such as high performance liquid chromatography (HPLC),
preparative thin layer chromatography, flash column chromatography and ion exchange
chromatography. Any suitable stationary phase can be used, including normal and reversed
phases as well as ionic resins. See, e.g., Introduction to Modern Liquid Chromatography, 2nd
Edition, ed. L. R. Snyder and J. J. Kirkland, John Wiley and Sons, 1979; and Thin Layer
Chromatography, ed E. Stahl, Springer-Verlag, New York, 1969.

[0042] The compounds described herein can contain one or more chiral centers and/or double
bonds and therefore, can exist as stereoisomers, such as double-bond isomers (i.e., geometric
isomers), enantiomers or diastereomers. Accordingly, all possible enantiomers and stereoisomers
of the compounds including the stereoisomerically pure form (e.g., geometrically pure,
enantiomerically pure or diastereomerically pure) and enantiomeric and stereocisomeric mixtures
are included in the description of the compounds herein. Enantiomeric and stereoisomeric
mixtures can be resolved into their component enantiomers or stereoisomers using separation
techniques or chiral synthesis techniques well known to the skilled artisan. The compounds can
also exist in several tautomeric forms including the enol form, the keto form and mixtures
thereof. Accordingly, the chemical structures depicted herein encompass all possible tautomeric
forms of the illustrated compounds. The compounds described also include isotopically labeled
compounds where one or more atoms have an atomic mass different from the atomic mass
conventionally found in nature. Examples of isotopes that can be incorporated into the
compounds disclosed herein include, but are not limited to, 2H, *H, 'C, 13C, *C, N, #0, "0,
etc. Compounds can exist in unsolvated forms as well as solvated forms, including hydrated
forms. In general, compounds can be hydrated or solvated. Certain compounds can exist in
multiple crystalline or amorphous forms. In general, all physical forms are equivalent for the

uses contemplated herein and are intended to be within the scope of the present disclosure.
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DETAILED DESCRIPTION

SUBCUTANEOUS TELOMERASE INHIBITOR COMPOSITIONS

[0043] Aspects of the disclosure include telomerase inhibitor compositions formulated for
subcutaneous administration. The term “subcutaneous” is used herein in its conventional sense
to refer to a hypodermal layer of the skin, such as the subcutis layer. The subcutaneous
interstitial matrix is composed of fibrous proteins in a viscoelastic gel of glycosaminoglycans.
Glycosaminoglycans in the subcutaneous tissue include glycoHyaluronan (HA), a non-sulfated
repeating linear disaccharide.

[0044] Compositions of the present disclosure include a hyaluronidase enzyme. In some
embodiments, the hyaluronidase enzyme is a mammalian-type hyaluronidase, such as an endo-
beta-N-acetylhexosaminidase with tetrasaccharides and hexasaccharides as the major end
products. In some instances, the mammalian hyaluronidase have both hydrolytic and
transglycosidase activities, and can degrade hyaluronan and chondroitin sulfates. In other
embodiments, the hyaluronidase enzyme is a bacterial hyaluronidase, such as an endo-beta-N-
acetylhexosaminidase, that generates disaccharide end products by beta elimination. In still
other embodiments, the hyaluronidase enzyme is an endo-beta-glucuronidase that generates
tetrasaccharide and hexasaccharide end products through hydrolysis of a 3-1-3 linkage. In some
embodiments, hyaluronidase enzymes in the subject telomerase inhibitor compositions include a
mammalian hyaluronidase having a neutral active site or an acidic active site. In certain
embodiments, compositions of interest include a recombinant human hyaluronidase enzyme. In
certain instances, the recombinant human hyaluronidase enzyme is a PH20 recombinant human
hyaluronidase enzyme (rHuPH20). In some embodiments, the telomerase inhibitor subcutaneous
composition includes one or more soluble hyaluronidase glycoproteins (sSHASEGPs). In some
embodiments, the hyaluronidase enzyme (e.g., soluble hyaluronidase glycoprotein) facilitates
subcutaneous administration of the subject composition. In some instances, the hyaluronidase
enzyme is present in an amount for rapidly depolymerizing hyaluronan in the extracellular space
and reduces the viscosity of the interstitium, increasing hydraulic conductance and allowing for
larger volumes to be administered into the subcutaneous tissue. In certain embodiments, the

increased hydraulic conductance induced by hyaluronidase enzyme through reduced interstitial
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viscosity allows for greater dispersion, increasing the systemic bioavailability of subcutaneously
administered telomerase inhibitors described herein.

[0045] In certain embodiments, compositions include one or more hyaluronidase enzymes
(e.g., soluble hyaluronidase glycoproteins), such those described in International Patent
Publication Nos. W02004/078140 and WO 2006/091871 and U.S. Patent No. 7,767,429, the
disclosures of which are incorporated herein by reference.

[0046] In some embodiments, the hyaluronidase enzyme is a variant or fragment of a
recombinant human hyaluronidase which is active and can degrade hyaluronan. The sequence

(SEQ ID NO: 1) of wild-type human PH20 hyaluronidase enzyme is show in Table 1 below.

Table 1 — Amino acid sequence of precursor, including the signal sequence of wild type human
PH20 hyaluronidase enzyme (SEQ ID NO: 1)

MCGVLKFEHIFFRSEVKSSGVEQIVETFLLIPCCLTLNFRAFPVIENVPFLWARNARS EFCLG‘
KF¥DEPLIMSLESFIGSPRINATGOGVTIFYVERLGYYFY IDSITGVIVNGGIPCK IS LODHL
PRARKDITEFYMPVYDNLGMAVIDWEEWRP THARNWK PRKDVYRKNRS IR IVQCONVOLELTEATE
RAKQEFEKAGRDFLVET IKLOK LLRPNELINGYYLFPLCYNHEYKEPGYNGECFNVE TRRNDD
LOWLWNESTALY P IYLNTOOSPVAAT LY VRRRYREAIRVSKIPDAKSPLEVEAYTRIVETD
GVLKFLSQDELVY TEGETVALGASGIVINGTLS IMREMESCLLLDNYMETILNPY T INVTLA
ARMUSOVLOQEGGVO IRENKNS SLY LELNPDNFALQLERGGKETVRGKPTLEDLEQETSERYY
CROYSTLSCKERADVERTDAVIWCIADGVC I DA LK PPMETEEPOIFYNASPETLSATMELY

SILFLITSSVASL

[0047] In certain embodiments, the hyaluronidase is a soluble hyaluronidase. Soluble
hyaluronidases include any, that, upon expression and secretion from a cell, exist in soluble
form. Such soluble hyaluronidases include, but are not limited to, non-human soluble
hyaluronidases, bacterial soluble hyaluronidases, bovine PH20, ovine PH20, and variants
thereof. Included among the soluble hyaluronidases are human PH20 polypeptides that have

been modified to be soluble. For example, hyaluronidases, such as human PH20, that contain a
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glycophosphatidylinositol (GPI) anchor can be made soluble by truncation of and removal of all
or a portion of the GPI anchor. In one example, the human hyaluronidase PH20, which is
normally membrane anchored via a GPI anchor, is made soluble by truncation of and removal of
all or a portion of the GPI anchor at the C-terminus.

[0048] Soluble hyaluronidases also include neutral active hyaluronidases, such as the soluble
human PH20 polypeptides. In a particular example, the hyaluronidase for use in the
compositions, combinations and methods herein is a soluble neutral active hyaluronidase.
Exemplary of hyaluronidases include a soluble form of a PH20 from any species, such as a
soluble form of a PH20. Soluble forms of PH20 are known in the art, These include ovine and
bovine PH20 polypeptides, and soluble forms of the human PH20 of SEQ ID NO:1. Soluble
forms of the human PH20 of SEQ ID NO:1. Such soluble forms include truncated forms thereof
lacking all or a portion of the C-terminal GPI anchor, so long as the hyaluronidase is soluble
(secreted upon expression) and retains hyaluronidase activity. Such forms also typically are
mature forms that, when expressed in a cell, lack the signal peptide. Full length mature human
PH20 (residues 36-509 of SEQ ID NO:1) occurs as a GPI-anchored polypeptide. As known in
the art, it is rendered soluble by truncation at the C-terminus. Such truncation can remove all of
the GPI anchor attachment sequence, or can remove only some of the GPI anchor attachment.
The resulting polypeptide, however, is soluble. In instances where the soluble hyaluronidase
retains a portion of the GPI anchor attachment signal sequence, 1, 2, 3, 4, 5, 6, 7 or more amino
acid residues in the GPI anchor attachment signal sequence can be retained, provided the
polypeptide is soluble. Polypeptides containing one or more amino acids of the GPI anchor are
termed extended soluble hyaluronidases. One of skill in the art can determine whether a
polypeptide is GPI-anchored using methods well known in the art. Such methods include, but
are not limited to, using known algorithms to predict the presence and location of the GPI anchor
attachment signal sequence and w-site, and performing solubility analyses before and after
digestion with phosphatidylinositol-specific phospholipase C (PI-PLC) or D (PI-PLD).

[0049]  Exemplary of a soluble hyaluronidase is soluble human PH20. Soluble forms of
recombinant human PH20 have been produced and can be used in the compositions,
combinations and methods described herein. The description of and production of such soluble
forms of PH20 is described, for example, in U.S. Patent Nos. 7,767,429, 8,202,517, 8,431,380,
8,431,124, 8,450,470 8,765,685, 8,772,246, 7,871,607, 7,846,431, 7,829,081, 8,105,586,
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8,187,855, 8,257,699, 8,580,252, 9,677,061, and 9,677,062, which are incorporated by reference
herein.

[0050] Recombinant soluble forms of human PH20 have been generated and can be used in
the compositions, combinations and methods provided herein. For example, with reference to
SEQ ID NO: 1, which sets forth the sequence of full length precursor PH20, which includes a
signal sequence (residues 1-35), soluble forms include, but are not limited to, C-terminal
truncated polypeptides of human PH20 set forth in SEQ ID NO: 1 having a C-terminal amino
acid residue 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482,
483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499 or 500 of the
sequence of amino acids set forth in SEQ ID NO: 1, or polypeptides that exhibit at least 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity thereto,
have activity at neutral pH, and are soluble (secreted into the medium when expressed in a
mammalian cell). Soluble forms of human PH20 generally include those that contain amino
acids 36-464 set forth in SEQ ID NO: 1. For example, when expressed in mammalian cells, the
35 amino acid N-terminal signal sequence is cleaved during processing, and the mature form of
the protein is secreted. Thus, the mature soluble polypeptides include those that contain amino
acids 36 to 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482 and
483 of SEQ ID NO: 1. Exemplary of soluble hyaluronidases are soluble human PH20
polypeptides that are 442, 443, 444, 445, 446 or 447 amino acids in length, such as the soluble
PH20 polypeptides that have a sequence of amino acids set forth as amino acid residues 36-482,
36-477, 366-478, 36-479, 36-480, 36-481, and 36-483 of SEQ ID NO: 1, and variants thereof
that retain hyaluronidase activity, and have, for example, at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity to a sequence of
amino acids set forth as amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481,
and 36-483 of SEQ ID NO: 1. Such soluble forms of recombinant human PH20 are described,
for example, in U.S. Patent Nos. 7,767,429, 8,202,517, 8,431,380, 8,431,124, 8,450,470
8,765,685, 8,772,246, 7,871,607, 7,846,431, 7,829,081, 8,105,586, 8,187,855, 8,257,699,
8,580,252, 9,677,061, and 9,677,062, which are incorporated by reference herein. Generally
soluble forms of PH20 are produced using protein expression systems that facilitate correct N-

glycosylation to ensure the polypeptide retains activity, since glycosylation is important for the
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catalytic activity and stability of hyaluronidases. Such cells include, for example Chinese
Hamster Ovary (CHO) cells (e.g. DG44 CHO cells).

[0051] Soluble recombinant human PH20 can be produced recombinantly, which includes
recombinant forms of human PH20. One such product is referred to rHuPH20; rHuPH20 refers
to the composition produced upon expression in a cell, such as CHO cell, of nucleic acid
encoding residues 36-482 of SEQ ID NO: 1, generally linked to the native or a heterologous
signal sequence (residues 1-35 of SEQ ID NO: 1). rHuPH20 is produced by expression of a
nucleic acid molecule, such as encoding amino acids 1-482 (set forth in SEQ ID NO: 1). Post
translational processing removes the 35 amino acid signal sequence, leaving a polypeptide or a
mixture of polypeptides. As produced in the culture medium there is heterogeneity at the C-
terminus such that the product, designated rHuPH20, includes a mixture of species that
terminate, with reference to SEQ ID NO:1, at residues 477, 478, 479, 480, 481, and 482 in
various abundance. Hyaluronidase rHuPH20 is selected from the group consisting of a
polypeptides with reference to SEQ ID NO:1 corresponding to amino acid residues 36 — 477,
amino acid residues 36-478, ¢ amino acid residues 36 — 479, amino acid residues 36 — 480,
amino acid residues 36 — 481, and amino acid residues 36 — 482. Generally, the most abundant
species is the 446 amino acid polypeptide corresponding to residues 36-481 of SEQ ID NO: 1.
[0052] The soluble human PH20 polypeptides include those referred to as extended soluble
hyaluronidase. Extended soluble hyaluronidases, can be produced by making C-terminal
truncations to any naturally GPI-anchored hyaluronidase such that the resulting polypeptide is
soluble and contains one or more amino acid residues from the GPI anchor attachment signal
sequence (see, e.g., U.S. Patent No. 8,927,249). Extended soluble human PH20 polypeptides
include those that terminate at any of residues about 495-500 of SEQ ID NO:1. The mature
forms start at residue 36. The extended soluble human PH20 polypeptides are neutral active,
soluble. They can contain amino acid substitutions, and have at least 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95% to the extended soluble PH20 polypeptides.

[0053] Hyaluronidases can be recombinantly produced or can be purified or partially-
purified from natural sources, such as, for example, from testes extracts. Methods for production
of recombinant proteins, including recombinant hyaluronidases, are well known in the art.
Soluble PH20 is produced in cells that facilitate correct N-glycosylation to retain activity, such

as CHO cells (e.g. DG44 CHO cells).
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[0054] Glycosylation, including N- and O-linked glycosylation, of some hyaluronidases,
including the soluble PH20 hyaluronidases, can be important for their catalytic activity and
stability. For some hyaluronidases, removal of N-linked glycosylation can result in near
complete inactivation of the hyaluronidase activity. N-linked oligosaccharides fall into several
primary types (oligomannose, complex, hybrid, sulfated), all of which have (Man) 3-GlcNAc-
GlcNAc- cores attached via the amide nitrogen of Asn residues that fall within -Asn-Xaa-
Thr/Ser-sequences (where Xaa is not Pro). Glycosylation at an -Asn-Xaa-Cys-site has been
reported for coagulation protein C. In some instances, a hyaluronidase, such as a PH20
hyaluronidase, can contain N-glycosidic and O-glycosidic linkages. For example, PH20 has O-
linked oligosaccharides as well as N-linked oligosaccharides. There are six potential N-linked
glycosylation sites at N82, N166, N235, N254, N368, N393 of human PH20 exemplified in SEQ
IDNO: 1.

[0055] In certain embodiments, the hyaluronidase enzyme is a variant or fragment of
hyaluronidase PH20 having one or more amino acid residue additions, deletions or substitutions
to the amino acid sequence of wild-type PH20, such as a variant or fragment hyaluronidase PH20
having one or more amino acid residue additions, deletions or substitutions to the amino acid
sequence of mature wild-type PH20. In some embodiments, the variant or fragment
hyaluronidase PH20 includes one or more amino acid substitutions, additions or deletions that
are located in the alpha-helix 8 region of PH20. In some embodiments, the variant or fragment
hyaluronidase PH20 includes one or more amino acid substitutions, additions or deletions that
are located in a linker region between alpha-helix 7 and alpha-helix 8 of PH20. In certain
embodiments, the variant or fragment hyaluronidase PH20 includes an amino acid sequence
from L36 to S490 of wild-type PH20 (i.e., L36 to S490 of SEQ ID NO: 1)

[0056] In embodiments, the PH20 variant or fragment thereof has an amino acid sequence
homology of at least 80% to the amino acid sequence of wild type PH20 enzyme of SEQ ID NO:
1, such as at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98% and including at least 99%.
[0057] In some embodiments, the variant or fragment hyaluronidase PH20 includes one or
more amino acid residue substitutions at one or more positions selected from among T341 to

N363, such as one or more positions selected from T341, 1342, S343, 1344, M345, S347, M348,
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K349, 1L.352, 1.353, L354, D355, N356, E359, 1361 and N363, but is not limited thereto. For
example, the amino acid residue substitution at one or more positions selected from T341, 1342,
S$343, 1344, M345, S347, M348, K349, 1352, L353, L354, D355, N356, E359, 1361 and N363
may be one or more amino acid residue substitutions selected from T341A, T341C, T341D,
T341G, T341S, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q, L353A,
D355K, E359D, I361T and N363G , but is not limited thereto. In embodiments, amino acid
residue substitutions are described by code numbers and letters such as “T455S”, which means
the amino acid residue threonine (“T”) at the numerical position 455 of a given SEQ ID NO. is
substituted with the amino acid residue serine (“S”). In certain embodiments , the variant or
fragment hyaluronidase PH20 includes one or more amino acid residue substitutions selected
from T3418S, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541,
D355K, N356E, E359D and I361T. In certain embodiments, the variant or fragment
hyaluronidase PH20 includes one or more amino acid residue substitutions selected from
M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E, E359D and I361T,
and may further include one or more amino acid residue substitutions selected from the group
consisting of T341A, T341C, T341D, T341G, T341S, L342W, S343E, 1344N and N363G, but is
not limited thereto.

[0058] In some embodiments, the variant or fragment hyaluronidase PH20 includes one or
more amino acid residue substitutions selected from: (a) T341S, L342W, S343E, 1344N, M345T,
$347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E, E359D and I361T; (b) L342W,
S343E, [344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E,
E359D and I361T; (c) M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E,
E359D, I361T and N363G; (d) T341G, L342W, S343E, 1344N, M345T, S347T, M348K,
K349E, L352Q, L353A, L3541, D355K, N356E, E359D and I361T; (e) T341A, L342W, S343E,
I344N, M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E, E359D and
I361T; (f) T341C, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and I361T; (g) T341D, L342W, S343E, 1344N, M345T, S347T,
M348K, K349E, L352Q, L353A, L3541, D355K, N356E, E359D and I361T; (h) 344N, M345T,
$347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E, E359D and I361T; and (i)
S343E, 1344N, M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E,
E359D and I361T.
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[0059] In some embodiments, the variant or fragment hyaluronidase PH20 includes
truncation of the amino acid sequence of SEQ ID NO: 1 before F38 at the N-terminus. In some
instances, the variant or fragment of hyaluronidase PH20 includes truncation of the amino acid
sequence of SEQ ID NO: 1 before an amino acid residue selected from M1 to P42. For example,
the variant or fragment of hyaluronidase PH20 includes truncation before amino acid residue
L36, N37, F38, R39, A40, P41 or P42 at the N-terminus such that one or more amino acid
residues at the N-terminus are deleted. In embodiments, the phrase truncation before an amino
acid residue selected from M1 to P42 at the N-terminus is meant that an amino acid residue
immediately before amino acid residue M1 to P42 at the N-terminus is cleaved and deleted.
[0060] In some embodiments, the variant or fragment hyaluronidase PH20 includes
truncation of the amino acid sequence of SEQ ID NO:1 after an amino acid selected from V455
to S490. For example, the variant or fragment of hyaluronidase PH20 includes truncation of the
amino acid sequence of SEQ ID NO: 1 after amino acid residue V455, C458, D461, C464, 1465,
D466, A467, FA68, K470, P471, PA72, M473, E474, T475, E476, E477, P478, Q479, 1480,
F481, Y482, N483, A484, P486, T488, or S490 such that one or more amino acid residues at the
C-terminus are deleted. In embodiments, the phrase truncation after an amino acid residue
selected from V455 to S490 at the C-terminus is meant that an amino acid residue immediately
after amino acid residue V455 to S490 at the C-terminus is cleaved and deleted.

[0061] In some embodiments, the variant or fragment of hyaluronidase PH20 may have an
amino acid sequence of SEQ ID NO: 1 and may include one or more amino acid residue
substitutions selected from T3418S, L342W, S343E, [344N, M345T, S347T, M348K, K349E,
L352Q, L353A, L3541, D355K, N356E, E359D and I361T, and truncation before F38 at the N-
terminus, and truncation after F468 at the C-terminus (see HP46, SEQ ID NO: 99, Table 2
below). In some instances, the variant or fragment of hyaluronidase PH20 may have an amino
acid sequence of SEQ ID NO: 1 and may include one or more amino acid residue substitutions
selected from T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E and
I361T. In certain instances, the one or more amino acid residue substitutions are located in an
alpha-helix 8 region (S347 to C381) and/or the linker region (A333 to R346) between alpha-
helix 7 and alpha-helix 8. For example, the amino acid substitution in the linker region between

alpha-helix 7 and alpha-helix 8 may include the substitution of one or more amino acid residues
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in the region consisting of amino acid residues T341 to N363, T341 to 1361, L342 to 1361, L.342
to I361, S343 to 1361, 1344 to 1361, M345 to I361, or M345 to N363.

[0062] In some embodiments, the variant or fragment of hyaluronidase PH20 has one or
more amino acid residue substitutions located in an alpha-helix 8 region (S347 to C381) and/or
the linker region (A333 to R346) between alpha-helix 7 and alpha-helix 8 of wild-type PH20
(e.g., mature wild-type PH20) and may be substituted with some amino acid residues of an
amino acid sequence of a region of human HY AL, as set forth in Tables 2 and 3, having

Sequence ID NO: 2.

Table 2 — Amino acid sequence of wild type human HYAL1 (SEQ ID NO: 2)

AR R R OTTY O ROR SR,

8 ?’&z&s\**&*\*' SENL

MTRIRE

Table 3 — Alpha-helix and amino acid sequence comparison between PH20 and HYAL1

Alpha helix Amino acid sequence of PH20 Amino acid sequence of
HYALI1

Alpha-helix 1 P56-D65 N39-G48

Alpha-helix 3 S119-M135 S101-1117

Alpha-helix 4’ K161-N176 K144-H159

Alpha-helix 4 S180-R211 P163-R194
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Alpha-helix 5 F239-8256 P222-S239
Alpha-helix 6 A274-D293 K257-G277
Alpha-helix 7 S317-G332 P299-G314
Alpha-helix 8 S347-C381 T329-C363

[0063] In certain embodiments, the variant or fragment of hyaluronidase PH20 has an amino

acid sequence selected from SEQ ID NOS: 60 to 115, as set forth in Table 4.

Table 4

Name of
Variant
or
Fragment

SEQID
NO.

Substitution

Amino Acid Sequence

HMI1

60

12 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D,
1361T and N363G

EENVEFLWARNAPSEFCTGRFTERLOM
GYYFYIDST

L .@Jbiii.n“
GMAVIDWEEWR PTWARNKE
WWILELTREATERAKQREES
WEYYLEPLCYHERY KRPGYNGSCEFNVE I

WELWHESTALYPSTYINTQQIPVARTLY VRN
RVERTFDAKSHMLPVEAYTRIVETDOVLEE
LEQDELVYTFGETVALGASGIVINGTLSIIRTRES
CORIKE CHBTTLGEY TINVILAARMCSOVLCOE
FTCTRENENS SDY LEIHEODNYAIQLEKGGRFTVREGE
FTLEDLEQYSEKEYCSCY LSCKEFADVEDTDAY

DVCTARGVCIDAT LK PHMETREPO T FYHASERTLE

W
NLAAND

Ny

ST
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HM2

61

7 amino acids
substitution of
Y365F, 367L,
L371S, A372G,
K374L, M375L
and V379A

IEFCLGRFDEPLTM
YVDRLGYYPYIDSET
Q{KSLQDELMT <KD TTFYMEVENL
RNWKPKIVYK LRSEELVQQO

NVOLSLTEATEEAK Lg: B ETIKLGKLL

TEVIVRGS

RVHEAIRVSEIEDAER? IVETDOVLEE

VTFGETVALGASIGIVINGTLEITRTRES
CMOTTLNEF TLNVTSGALLOCSCALCQEQS
KGGRFTVREGK

HM3

62

19 amino acids
substitution of
M345T, S347T,

M348K, K349E,

L352Q, L353A,
L3541, D355K,
N356E, E359D
I361T, N363G,
Y365F, 1367L,
L3718, A372G,
K374L, M375L
and V379A

>

MAWNAFSEFCLGKEDEPLDM
FYVORLGYYRYTRST
TG TVNG GRISTODHLDKARKD IT IYMEVINL
GMAV [ DWERWRPTWARNWEPRDVY KNRSIELY Q\J
NVQLELTEATERREQEFERAG
RPNHUWEYY LFPDCYNREY KRPGYNGSCEFNVE
NOUDLSWLERESTALYPSTY _"“\**‘H‘Q‘»‘I‘L"“‘\I‘J
FUROVLER
€ QAIKE (MPDTTLEPE ILNVTBGALLCS yALL' 3G
VCIRENWRSSDY LELWFDNFAIQLERKGGKFTVRGE
FREEFYCACY STLSCKEEARVEDY DAY

DVCTARGVCIDATLEPEMETREPQIFTRASTETLS
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HM4

63

17 amino acids
substitution of
G340V, T341S,
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L352Q,
L353A, L354],
D355K, N356E,
E359D, I361T and
N363G

GNTRAPEVIPHVEFLWAWNAPSEYCLG EPLL
SLESTIGEPRINATEROVTIFYVIRILGYYPYIDEX

TOVTVNGGIPORISLODHLDEKARERDIT FYMEVIND

-
g,

GMAVINDWEEWRPTWARNWKEKIWYRNRSIRL VRO
NVRLSLTEATERAKQEYERAGKDELVET TRLGELL
RPNHLWGYYLEFDOYRNHNY KKPGYNGSCFRVEIER
NEDLSWLHNESTALY PO YT LINYT

RVEEAIRVE
LEGDELVYT
CORIKEYM
VCIRK \TW\J*
FITLEDLEQFS

B R S
VO TARDGY

HMo6

64

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T

SREVIPNVE PLWARNAPSEFCLGEFDEPLE
INATGQGVTIR GYYRYINST
TEVIVHGHIPRRISLOQUNLDEAREUIT Y MEVINL
GMAVIDWEERRETHRARNWHEEFRDVYS i\\.:w__EL*TQ
GELL
NGSCFHVE
HDULSHLNRES TALY PSS TYINTQOUSPVAATLY VRN
AKSPLPYFAYTRIVETDOQVLEE
‘*QQ?IT VYT EFGETVALGASSIVIHGTLSITRTKES
"QAIKE DTTLEZY T VILARKMCSCVLOOEQG
FOTRERHNSSDY LRI PN FATQLERGGRKETVRGR
PYLEDLEQYSERFYCSCY STLICKERADVEDTDAY

DVCTADGVOIDATLERPME SIFTNRASERTLE
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HM?7

65

16 amino acids
substitution of
G340V, T341S
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L352Q,
L353A, L3541,
D355K, N356E,
E359D and I361T

PEFLWAWNAPSEFCLGEFDEPL DM
INATGQEVY IFYVDRLEYYPY TS T

SLODRLDEAKRDITFYMPVENL
SMAVIDWEERRPTHARNWEFEDVY KR ST RLVEOQ
NVOLSLTEATEERKQEFERAGKDILVETIKLGELL
RENHUEGYY LFYDCYNRERY EXPGYNGSCEFNVEIRR
RUDLSWLWNESTALYPETYINTQOSFVARTLY VRN
DAKSPLPVEAYTRIVETDOVLEFR
; RTVALGASSIVIWVESWENTRTRES
QAIKE\ MBTTLNEY TINVTLARKMISOVLCQEQG

VCTRENWNSSDYLHLWEPENEA IQL;_.LwGP\FT VEGKE

HMS8

66

12 amino acids
substitution of
344N, M345T,
S347T, M348K,
K349E, L352Q,
L353A, L354I,
D355K, N356E,
E359D and I361T

FLEAWNAPSEFCLOKEDEPTLIM
EINATGRGVTIFTVDELGYY Y TRST
COIPCRIBLODELDEAREDITFYMPVIHL
GMAVIDWEEWRPTWARNWKEPREDVY KINRSIELVOQO
AVQLSLTEATERAKOEPERAGKDILVET I KLGRLL
REPNHLWGYYLFPDCYN HPEYNGSCEPNVEIRK
WNESTALYPE LY INTQOS PVARTLYVRY
RVSKIPDAKSPLPVERYTRIVFTDOVLEE
SEQDELVYTEGETVALGASGIVIWSTLENTRTKES
COATEENMDTTLNPY LINVILAAKMUESQVLOQEQG
YOI RENWRESDY LHLN PN FAIQLEKGGRTTVRGEK
FEEKEYC3CY STLACRERADVRDT LAV
VO TARGVOIDATLKPPHETREFQIETY NASEITLE
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HMO9 67 13 amino acids AWNAPSEFCIGSKIIEPL DM
substitution of GSPRINATEIGY T I RYYDRLGYY Y IDAT
S343E, I344N, TEVTVNGG I POKT SLODNLOKAKKD IT FYMEVLNL

M345T, S347T, TR VY ENESTELYOO0
L

M348K. K349E, GMANLDWEEWR;TNA&NNKPDi VO
1352Q, L353A, NVOLSLTEATERR KR FEKAGRDFLVE TIELG
L3541, D355K, XENHLEGY Y LFFDOYNRNY KKPGYNGSCFNVEIRE
N356E, E359D and | ROULSWLWNESTALY PSTYINTOOSPVARTLYVEN
361T RYRBAIRVSKIPDARSPY PYEAYTRIVETDOVLEER
LEQURELVYTFGETVALGASGIVINGTLENTRTKES
CQAIKEYMDTTLIFY I INVILARFMCSQVLCOEQG
VT RKNWNS DY LHIN P DN FRIQLE KGGKFTVRGE
PYLEDLEOFSEREYCSCYSTLSCREKADVED YDAV

IDAFLEPEMETENPQIEYMASPITLS

HM10 68 14 amino acids
substitution of SLFSFIGSPRINATS IFYVDRLGYYPYIDST
Eifgyﬁg?gf, VHEET PORT SLOUHLDEAKKE T SYMPUTINL
S347T, M348K :fi;: ;:Tﬁi?a“giﬂgizhfgizi:EIVTFKiT
K349E, L3520, KVQLSLTEATERAE ~ SRR
L353A, L3541, APNRLHGY LT POCYINHHY ERPGYNGSCENVELER
D355K, N356E, RDDLSNLHNESTALY PETY LNTOOSPYARTLY VRN
E359D and 1361T AVEEA I RVIR I PDAKSPLEVE, ’

LECGDELVYTS
uQAKKEYMQEELw
VCIRKNWNSSDYLS
PTLEDLREQES
DVC TADGVCIDAT

STLSCKEKALVELTDAY
EPHMETEEPQI FYNASPSTLS
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HM11 69 13 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K, NVQLSLIE
N356E, E359D, RENELWGYY
I361T, Y365F and | NCDLSWLWNESTALY PSTYLNTGQSPVE
B6TL RVERARIRVSKIFDRKSPLEVERYTRIV
LSQDRLVY T RGETVALGRASGIVIWGTLSITRTRES
LN PFVENVTLARKMCEOVLCORDS
YLHUNPDNFEATS
ETCSCYSTLSCKERS
VOTBATLKPPMETRERGIF

SMEVT N

IBVY

FWRPTWARNWKPEDVY ENRSIRIVGR0
TERARGE PERAGRDELVETIELORLL
LEPDCYNHHY EREGYNGICFRVETERR

%

¢ QMKE MDY
FCTRENWNS S

HM12 70 15 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A, GMRVIDWERWRET
N3soh, Fasop, | FVOLSLTE
B6IT, ’Y365F, > DOYNHHY EKPGYN
I367L, L3718 and REDLSWLWHNESTATLYPSTY TN
A372G RVEREALBVERTPDA]
LSCDELY
“QAIKE [\i{DET
VOIRKHWMS
PULEDLEQFESRKEYCSCY STLAECKERA VR

PVOIADGVOTOATLEPPMETEEFQITYNASEITLS

RPN

WOYYLSE
248
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HM13

71

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, and
truncation before
F38 at the N-
terminus

\J
frJ
l;—'
()]
]
7]
!
=1
74
=
2
L_|

APFVIPNVEFLWAKNAPS
IPRUNATGRGYT ITYVRRLGYYRY TDEY
POKYSLODHLDRARKDIT PYMPVDNLEM
AVIDHEENRE PTHARNWHKPR DV ENR S TELVQQQNT
QLESLTEATEFAKQREFERAGKDYLVETIKLGKLLRY
NHLWGYYLYPDCYNHEY KKPGYNGSCOFRVYE
DUSWINNESTALY FETYTNTOOSBVARTT.YVEN
TRTPDAKERLE {TRIVETLOVIEFLS
TPGETVALGASGIVIWGTLSITRTKE:
AARMUEQVLCQE
1YL} LMNFDNFATGLERGGRFTVRGKPT
SEFYCSCY STLSCREKADVEDTDAVEY

: "GK?)F&FLI’(E"FMETE&P\»TT ASEETLE

HM14

72

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T and
truncation after
1465 at the C-
terminus

TRAPTVIEWVE
RINATGOOVT IFYVIRLEYYPYINSY

CUHLDEAKEDITFYMEPVINL
ARMNWEFKDNYEMESTIEL
PERAKGEPERAGKDELYVET
TPOCYNHHY KKPGYNGSOENVEITKR

PT ORI UL R A Y WA N
NTOOSPVA LYVRY

oA

TRNE:
VREATEVSKIPL
_S\QDEL'\;\E -~

e

CRCYSTLS
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HM15

73

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, and
truncation
afterF468 at the C-
terminus

CNPRAPEVIPRVEPELWAWNAPSEFCLOREDEPLIN

GMAVIDWERW R
,} SLTEATERAKQEF

RIKR
BRI YPSTYLNTO YRIN
IRVSKIFDAKSPLFVTRYTRIVITDOVLEE

VYTFGETVALGASGIVINGTLITTRIKES
B Y TINVTLAAKMCSOVLC ;']: QG
VO TRENERS SDY LTI P DY
PYLEDLEQFSERFYCSCYEY

OV TAD ID&F

=
Y,
|
=]
b
,,

HMI16

74

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, and
truncation after
P471 at the C-
terminus

INFREPEPVIPHVE FLWEWNRAD
SLESFIGSPRINATGRGVT IFYVORLGY Y BYIRNS Y
TEVTYNGGEIFQET SLODHLMKARKD IT EYMPVINL

GMAVIDWEEWRPTWARRNWKPRIWYRNRSIELVOOQ

WVQLELTEE
AENBLNGYYL
WRLDLSWLWH RS
AVREATIRVSKIPDARSPLEVFAYTRIVETDOVLKY
LSGDELVYTY VALGASGIVIWGTLOITRTRES
DYTINEY DNV TTLARRMCSEQ

COATKEYMDY
LWNEPDNEFATLG

STLSCHERKADYRDTUAY

FEDCY

ANSSILRY

]

VOTRKD

HM17

75

Substitution of
L36~V47 with
FRGPLLPNR, and
amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T

AFSRFCLGEIFDEPLDMEL
IDSTITEV
PN LGMR

v L‘W‘F‘IIE TW }{N‘i‘«‘ R RS IRLVQQQANYG
SELTEATERARKQEPERKACGKDELVETIRLOKLLRPN

HIWGY Y LR PRDOCY N HHY REPGYRGSCFEVE TKRIGUD
SEWLWNESTALYPSIYILNTQOSPVAATLYVENRVR
ATRVERIFDARKSFLEPVERYTRIVETDOVLEY
STVALGASGIVIWGT ﬁ‘iTRTKESCQA
IREYMDTITNSY I INVTLARKMOSQVLCGEQGEVCT
RENWHNSEDY LHLNPONTAIQLERGGKETVRGEET
EDLEQEFSERIYCECY STLECKERADVEDTDAVDVC

IABGVCIDAFLEEPMETEEFQIFYRASESTLS

[0%)
(%)
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HM18 76 Substitution of KFDEPLD
L36~A52 with
FRGPLLPNRPFTT | {yNGa s POKTS
V’baltl.‘: i?nmofamds IDWEERRPTHAR
suostitution O
- SLTEATEXRAKOE FEKAGK
M345T’ S347T’ and A L E(\J“‘IQE‘\ ]._“ &
M348K. K349E HIWGYYLFPDCYNHHNYREFGYNECSOFNVE IEKRNDD
L352Q, L353A,
L3541, D355K, TPDAKSRLEVEAYTRTIVETDOVLKNLEQ
N356E, E359D and | npt vyt vonTVALGASG TV TRGY LS TPRTRESCQA
B6IT IKEYMDTTLNPY I INVTLARKMCSQVLCQEQGVCT
KENENS DY LHLNFDNFALQLE RGO KFTVRGE
NLEOFSEXFYCECY STLSCKEKADVKIT DRVDVE
;\ ‘~\4]'»\|‘le \1_\ ‘e‘? A:t\ ‘n‘N*]\ Q\
HM19 77 14 amino acids

substitution of
L342W, S343E,
1344N, M345T,
S347T, M348K,
K349E, 1.3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
K470 at the C-
terminus

TPNVEFLWAWNAPSETCLGREUEPLOMSL
PRINATSQOVY IFYVDRLGY Y PY IDSITS

Q‘DLL‘V YTFGETVALOAS
AIXEVMBTELHYEY TINV
WRS BN LELNPLON ALY
SEDLEGFSEREYCSCYSTLSCEEKADVKDTDAVT
CTADGVCIDAFLEK
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HM20

78

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1.3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
F468 at the C-
terminus

TRAFPVIPNVEFLWARNAF SR FCLGRPLE PLOMSEL

FRNRTANE ’wl*‘(‘Fi‘”\‘LQDEELB&XKYDITFYE{?E FDONLGHM
AVIDWNEEWY
EATERARKGEFREASKUFLVE l“‘bLL[\uLRP
YYLEFDCYNHA SCFRVEIKRND
CLNTOOSPVARTLYVRINRY
34 AU UPVEAYTRIVITDQVLEFLE
QUELVYTPGRTVALGASGIVINGTWENTRTEESCQ
AIREVMBTITNPY IINVILAAKMCEGVLCOEQGVC
WNSSDYLELNYONFATQLERGGEFTVRGERT

FEYCSCYETLACREKADVERDT DAV

THENW
T
3

HM21

79

15 amino acids
substitution of
T341S, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T

LNFRAFPVIFNVE FLRAFNAVYSEFCLGKREY
SLESETC
TEVTVNGGTPORTSLQUHLDRARKDT T FYMPYONL
GMAVIDWREWR T WARNWEPKDVYENR ST RLVOOR
E\?T\IQLSLT;‘MTZEE\“\ﬁE“EI\’ T KDFLVET T ELGRLL
RENELWGY YL FPDOYNHHY ERPCYNGSCENVE ITRKR
SPDLSHLWNESTALY PSIYINTOOSPYAATLY VRN
VREAIRVIKIPLDAKSPLPVIAYTRIVES
LSQE ELVYTEFGETVALGASGIVIWGSWENTRTRES

SEPRINATGOEVT T RYVIRLGY Y

COAIKEYMDTTINPY T INVTLARKMISOVLCOERS
VOIRKMWNSSDYLHLNPDRERIQLERGEER
PITEDLEQEINREYCECYSTLESCKERADWY

It

Y
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HM24

80

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, and
truncation before
A40 at the N-
terminus

ARPVIPHVEPFLEANNAPSEFCLGEYDE YT OMETLES
FIGEPRINATEQOVTITFYVIRLGYY P IDRITEVT

YNGGIPORI SLODELORARKED ITEYMEVDNLGEMAY

ITOWEEWEPTWARNWKPKL FNRSIRBLVQOONWGL
STTATERARCEREL LIEBPNR
LWGYYLFPPDCYNHEY EKPGYNGICYNVE T KRN DOL
SHLWVEISTALY P TYWNTOOSPVAATLY VENEVRE

AIRVEKIPDAKSPLEVEFAYTRIVETLOVLKFLIOD
NYTPGETVALGRSGIVIWGTLS ITRTKESCQAL

RTTLNEY LINVILAKFMCSQVLCQRQGVC IR
KWNSSDY LHLN P LN FATQLRECORETVEGRETLE
DLEQFSERKYYCESCY STLECEERADVKDTDAVIRVCT

ARTREFQTFYNASPITLS

AUGVOIDATLER

HM25

81

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
I361T, truncation
before P42 at the
N-terminus

PVIPNVEPFLWRAWNARY
QEPRINATGROVT TEY
SLODHELDGRARKKDTITFYMPVONLGMAVID
WEEWRPTWARKWEPKOUVYENRETEL L-QQQNVQLSL
TEATERARQEFEKAGEDFLVET TELGKLLRENHL
GYYLFPRCYNHEY RKPGYNGSCENVETKRNDULEW
LHNESTALYPSIYIN WTLYVENRVEEART
BREELEVEAY KETLSQDEL
VYTYGETVALGASGIVIW ~ILSITRTKE‘4CQAIKE
IYNVYTAARMOSOVILCOEQGVC IREN
ERGGRFTVRGKPTLEDL
3 ARDVEDTDAEVIVICIAD
GVCTOATLEPTMETREFQITYNASEITLS

VY PV IUSITEVIVN
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HM29 82 14 amino acids LNFRAFPFVIPKVPFLWAWNAPSEFCLGKFDEFLDM
substitution of SSPRINARTGOGVTIFYVDRLGYYPYIDST
L342W, S343E, MR T Y YR ST I RS T
134N, M345T. POKISLODE \J;\.iuﬂ\;il } FYMBYDNL
S347T, M348K, PHEVYENRSIELVOQO
K349E, 1L352Q, WVLLS S} AGKDELVETIKLGELL
L353A, L3541, NGSCENV!
D355K, N356E, S EVARTL
E359D and I361T,
truncation before
L36 at the N-
terminus, and CQAIKE":’ME ’I“_T_L‘N PYTINY
truncation after T
A467 at the C-
terminus

T T

GYYLEYDRCYHT

LARKMC SOV LCQEGGE
TWNSSDY LELNPEN PRI DLERGGHKEFTVRGK
LLEQYSERFYCICY STLSCRERARVEDTRANY

DVCTADGVCIDA

HM30 83 14 amino acids LNFRAPPVIFNVEP FLRAWNAPSEFCLOKEDERT
substitution of SLESFIEaPS PGOGVT I FYVRRLGY Y BY
L342W, S343E, SLODHLDEAKKD IR EYMPY Y
IS334447NT’, 11\\%;;; SEWRPTRARNWEPKDVYENRST
K349E, 1352Q, NVQLSLTEATEKAKQEFEKAGKDFLVET I KLGKLL
L353A, L3541, RENELY LEPUCYNHHY FRPGYNGSUTNVEIRR
D355K, N356E, NDDLSRLWNESTALY PE TY LNTOOS FVRAATLY VER

E359D and 361T, | pyrepiRVSKIFDAKSPLPVFAY TRIVETDOVLKE
truncation before

136 at the N. LEGDRLVYT F”FT{'LFQ’TITR“TWENTP_'ILKE
terminus, and QAIKE\“JIDTTLI* PY TINVTLAAKMC SOV LRSS
truncation after SEDYLALNTDN PR TQLEESORFTVRGK
C464 at the C- PTLEDLEQPSEKF{CECYSTLSCKEKADVEDTLAY
terminus

Pl s ]
DV TADGVE
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HM31

84

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L3520Q,
L353A, L3541,
D355K, N356E,

E359D and I361T,

truncation before
L36 at the N-
terminus, and
truncation after
D461 at the C-
terminus

LNFEAPPVIPNVPELWAKNAFSEYCLGREDEPLDM
SLESFIGSPRINA
TGEVTVNGEIP Q {18

GMAVIDY

SVQLST QEY
RENRLWGYYLEFPUCYNHAYERPGYNGEOENVETER
NDDLSWLWNESTALYPSIYLRTOQSPVAATLYVRN
SVREATRVERTPUARSPLEVEAY TRIVETOQVLKY
LOQDELVY VALGARSGIV.

CRAIREYMDTILNDY I INVTLAAKMCEQVLOGEOG
VOIRENWHESDYLHUNPDNFARATOLEHGERYTVRGK

PTLEDLEQFS YOSCYSTLE

- T 7

DVCIAD

HM32

85

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1.3520Q,
L353A, L3541,
D355K, N356E,

E359D and I361T,

truncation before
L36 at the N-
terminus, and
truncation after
C458 at the C-
terminus

LNFRAPFVIPNVFFLHARNAPSEFCLGKEE
SLESFPIGSPRINA GVTIFYVDELGYY
TEVTVNGEI PORISLOGOHLDKARKL T TEYE
GMAVIDWEEWRETHARNWROEDVYENRSTELVGCO
NVOLELTEATERAKOEFEKRGKDFLVETIKLGKLL
RPNRLWCGYYLFPOCYNHAY RRPGYNGECERVETIRR
NEDLSWELWNESTALY PSIYINTCGOSPVARTLY VRN
VREAIRVEXIPODAKSPLEVEAYTRIVETDQVLERY

N r\ff»\]:. ATATL Y
VI

7 ZIPI"’\TW JESDY LHUNPONFATOUERGGR I TVRGK
»
PULEDLEQFSEETTCSOYSTLACRERADVRUTIAY

7

™Y
1%

RERUIN

1
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HM33

86

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
L36 at the N-
terminus, and
truncation after
V455 at the C-
terminus

INFRAPPVIPNVEELWAWNAPIE LN
SLESFIGSFRINATGOOVT IFYVIRLGYYPY IDST
TEVTVHNGEIPOXISLODHLDRARKDTI T FYMEVDRD
GMAVIDHEEWR PFTHARNWKEFKDVYENRE T ELVQOG
NVOLELTEATERARQETRRAGKRDELVETIRLGRL
RPRARLHGY Y LT PRCY NI HY KKPGYNGECTNVETRR
NEDLSWLWNESTALYPSIYINTQOSFVARTLYVRY
RYREAIRVERIFDARSPLEVEAYTRIVETDOVLEY
LSQUELVYITIGETVALGASGIVIRGTRENTRTRES
LQAIKEYE‘{D'I‘TLI\E PYTINVTLA

L\S"vk P"]‘ VEGK

PTLEDLEQFSEKIYCECYSTLECKERRDVEDTDAY

HP34

87

15 amino acids
substitution of
T341S, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
I361T, truncation
before F38 at the
N-terminus, and
truncation after
K470 at the C-
terminus

FRAPPVIPNVEPFLWAWNAP SEFCLGKEDEPLIMEL
FSFIGEPRINARTGOGVTIFYVDRLGYY PY IDSIT
VIVNGETPORI SLODRLODKARRDTI T FYMPVONTEM
URERWRPTHRARNWRPROVTENR ST RLVQUQNY
SLUTEATERAKQRFRKAGEDPLWVET IRKLGRLLEP
KPGUNGSCENVEIERND

TNTQOESPVANTLYVENRY
AIRVIRIPLAKGPLEVIRYTRIVETDOVIKEFLS
GOELVYTFGETVALGASGIVINGEWENTRTKESC g
AIRBYMBTTTLNPY T THNYTLARKMUSOVTLCQES
IRHNWANESDYLHLNP DN A TQLERGGEFTVREGKET
SFSERFYCRCY STLSCKERRADVEDTDAVIV
1AE‘LF

f.T)

»
R E)

HM35

38

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S$347T, M348K,
K349E, 1.3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
P472 at the C-
terminus

PELWANNAPSEFCLGREDE PLOMSL
p Ni‘“—‘ﬂ"fSQQ‘\“’P ITFYVORLGYYRY INSTTG
GTEDEISTQUHLDRAREDIT Y MPVINTGH
AVIDWEEWR PTHARNWKEEOVY KNRSIELVOOONY
KAT ”’;) BEERRAGELELVETIRLGRULEY
SYNGSCFNVEIRRND
PVAATLYVRNEY
RE 3 YWWTRIV OVLEFLE
QUELWVITECETVALGASGTVIRGTRENTR TKE ""ZQ
AIRKEMDTELNPY TINVTLAAMUSQVLOQEQGEVC
DYLELNPONTAIQLERGGRETVRG
ERFYCSCY STLSCKEKADVEDTDAVE

CIDAFLKPFE
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HM36

89

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1.3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
M473 at the C-
terminus

-

al
1]

TRAPEVIPHVPTLHAKNAR SEVCLGEEDLE PLIMEL
FEYNIGEFRINATGOGVTIE BILGYYPYIDEITG
IPOKRISLODHLODKAKKDITEYMPVINLGH
AVIDWEEWH PTWARNWKPEDOVY KNRSIELVGOONY
LELTRATEKAKGRTEER FLVETIKLGKLLEY
JEY Y LY FDOCYNHEY KXKPGYHNGSCFRVE I KRND

DLSWLWNESTALYPRT E«QQS PVARTTYVRMEY
IRVEKIPDAKEPLPVEAYTRIVEITLOVLEFLE
QRELVYTIGETVALGASGIVIWGTWENTRTKE 5

AIREYMBTTINFY [INVTLAAKMCIQVLCQEQGYC
IREHENSSOYLELN DN FATQLEEGGRFTYRGKPT
EDLEQFSEEFYCSCYSTLECKEFADVEDTDAVEY

CIADGVCIDAFTREPEM

e
£
Vi

4

HM37

90

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L3520Q,
L353A, L3541,
D355K, N356E,
E359D and 1361T,
truncation before
F38 at the N-
terminus, and
truncation after
E474 at the C-
terminus

THAPPVIPNVEPLWAWNAF SR YCLGREFDEPLOMS
TEFIGSPRIRATGOGVTIEYVORLGYYPY IDSITG
3 TEYME

SOTPORISLOURLUEAKKDIY
REWRPTHWERNWEEPROVY
ATEFRAKQEFERAGE

RIWGYYLEPDCYNHEY Y
DL SWLWNNESTALY PSS T LNTROSPVAATLY VENRY
AU - FAYTRIVETDOVILEFLS
ODELNYTEGETVALGASGIVIWGCTHENTRTRKE SCQ
AIREYMDTTINYY I INVILARRKMCSQVLCQES :
ITRENWRSSDYLELN PO FATOLEKGGRFTVEGKET
SEERPYCSCY ST

DAFLEPEME

DERKEELE

40
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HM38

91

14 amino acids
substitution of
L342W, S343E,
1344N, M345T,
S347T, M348K,
K349E, L3520Q,
L353A, L354],
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
T475 at the C-
terminus

TRAPEVIESVPFLHAWN AP SEPCLG R DE P LOMEL

ISFIGSPRINATGUGVT IEYVORLGYY EY IDSITE

TPQRISLDHLUDEAKKDITI MEVDNLGY
EWRPTWARNETE

PROVYEMRSIELVGOONY
HEHRDE TELGKLLRY

GYNGSCENVEIXEND

BATEKAKGEE
YLEEDCY NHH)
ESTALY FSTY TN

EAIRVSKIFDAKSPLEVES

rr]
.rJ

YTRIVETDGVLEEFLS
TTEGRTVALGASGIVINGTHENTRIRESCQ
ATREVMBTELNTY LINVTLARKMUS QVLCOEQGY C?

LELWNPONTAT ;‘11“‘1 GGRETVRGRPT

ORI ST S AvARTIEY RSk 4
SOYS CKEEARDVEDTDAVIN

HM39

92

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1.3520Q,
L353A, 13541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
E476 at the C-
terminus

FRAPPVIPNVEFLWAWNAPSE FOLOKFLE PLOMSL
N7 XTGQS’JTT?‘ VORLGYYTYILSITG
FDNLEM
IRETELVQOONY
VETTKLGELLRY

NHLHGY YLEPDCYNHEY KEPGYNGSCFNVE T KRN
DLEWLWNMESTALY PSTYLNTOOSEVARATLY VRNRY
VIRVEKIPDAKE FAYTRIVETDOVEIKFLS
SYTFGETVA FIRGTHENTRTRESCO
LARKMCS ’;‘ VLCQEQGVC

S EEY Do Ry RN e
Y, _\L\‘g_‘\‘f FREYCSCYETL S

CTADGVCIDARLEKR

41
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HMA40

93

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
I361T, and
truncation before
N37 at the N-
terminus

HERAPPVIPNVPFLWAWNAPS
LESFIGEPRINATGH YORLGYYPY T
SVTVHOGIPORIZLODELDEAERDITEVMPVIKL
EWREPTWARNWKP EOVYRNRS TRLYQQOUN
TEATERAEQEFTRAGEOTLVET IKLGELLE

IHYKEPGYNGSCEFNVETIKRN
SEVARTTYVRNR

e
MTT

GTLE ;TE&TKE'*(‘
KMC S ULCQF

HMA41

94

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, and
truncation before
R39 at the N-
terminus

)
P
e
xal
3
|
4
Pj
D—!
,:4
r?i
=
“
=
o
4
ko
2
=
ta
2
rs
@]
i 4
9!
¥ ;_4

TDEPLOMSLE
TEVDRLGY YR IDETTGY
C‘wLQJH__.]_ FAKKDITEYMEWINY

DHEEWRPTRARNEY
LELTEATEXAKOEFERAGKDYLVEYT

CYYLEPOOYNERHYRRPGYRGSCENVE IERNDD

LNy

LOWLWRESTALYPRIVINTOQSPVART LY VRNEY

Y

IPDAKSPLEPVEAYTRIVETOOVILEELED
SETVALGAIGIVIWGTLSITRIERES (QI%.
IKEYMDTTINEY I INVTLASKMTSVLCG
RXNWNSEDY LHLIRPINFATIQLEXGGRETVRGK

PSERPYCECYSTLSCRERADVERT DAVINVG

PrYETEERPQITYNASEETLS

42
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HMA42

95

11 amino acids
substitution of
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, and
truncation before
P41 at the N-
terminus

FEVIPNVIFFLWARNAFSEFNCLGRYDEMLY

NGGIFOKISL

LTEATERAKQEYRKAGKDELVET TELG
WOYYLYPUCYNHRYRKEPGYNGECEFNVE TRMNITTSE
WLWHNESTALYPSIYLNTC
TRVSKTIFDAKSPLPVEA
VY TRGETVALGASEIV IE’GGTL::‘IEn_KESCM

EYMDTTLNPY I INVTLAAKMCSQVLCOERGVEIRK
NN S S DY LHINPONFAIQUERGGRYTVRGRYTLED

FEERFYCSOY STLSCKERADVKDT DAVDVC TR
VOTHAFLEPEMETERFQIEYNAIPSTLS

,.-

HM43

96

14 amino acids
substitution of
L342W, S343E,
1344N, M345T,
S347T, M348K,
K349E, L3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
1465 at the C-
terminus

TRAPPVIPNVEFLWENAPSE
APRINATGQEVTLEY
VIVNGGTPORISLODRLDKAR
AVIDWEEWRPTWARNWEEPROVY

TRATVFARGEFREAGEDELVRT IKL
YLTPROCYNHEY KEPGYNGSCINVEIRRND
ULaHLNESTALY PR TYINTOQEPVARTLYY
RVERIPDRKSPLYV YETDOVLEFLS
AVYTFGETVALGASGIVINGSWENTRTRE ZZQ
AIKEYMDTTLNEY I T MCSQVLCQEQGVT
WHESDYTHLN PN FATOLERGGREFTVRERPT

SEDLEQFSEEFYCSCY 3TLSUEERADVEDTDAVDY

FRINE

GELLEP

"RMEY
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HM44

97

14 amino acids
substitution of
L342W, S343E,
344N, M345T,

S347T, M348K,

K349E, 1L.3520Q,
L353A, L3541,

D355K, N356E,
E359D and I361T,
truncation before

F38 at the N-
terminus, and
truncation after
D466 at the C-
terminus

YRAFEFVIPRVPIFLWAWNAFSEPCLGREDEFLDMSL

TEFPIGSPRINATG ’QL: VIIEYVORLGYYPYIDSITG

WIDWEEWRPTWARNWEPHRDVTENRET
SLSLTEATERAKOGRFEKAGKIFLVET IKLGKL
LWGY Y LEPDCYNHEY EKPGYNGSCEFNVEIREND

WLWNESTRALY PETYINTOOGSPVARTT.Y VRINEY

IEVERIPDARESRLEVERYTRIVETOVIKELS

g

CUBLVYTEFGETVALGASGTV IWGSHENTRTKESCQ

Y

2
[

AIKEYMDTTINPY I INVILAARMESQVLOQEQGVE
IHENINSSDYLKLNPONER IZLEKG"T'FT“P’”PP”
SERFYCSCYSTLICKERADVEDTDAY

HM45

98

14 amino acids
substitution of

L342W, S343E,

344N, M345T,

S347T, M348K,
K349E, L3520Q,

L353A, L3541,

D355K, N356E,
E359D and I361T,
truncation before

F38 at the N-
terminus, and
truncation after
A467 at the C-
terminus

WAL
TP IGSERINATGOCVTIFYVDORLOYYEY T
TIVHGGETEOK IS DHELUNAERDIT FY MEVDHLGY

AVIDWEEWRPTWRARNWEPKDVY ENRSIELVQOC
SLOLTRATERAKORFRKAL VETIKLGELLED
?3‘%L\"”‘f YLEEDCYNHEY KRKPGYNGSCENVEIRRND

PATLYVRNRY

POAKS
TPGETVALGASGIVIWGS W’ENTI‘ TKESCQ

AIRRY MBTELN Y IINVTLAAKMISUVLCQEQRVC
BGGRFTVRGKRPT
CKADVEDTDAVLY

’7’1

l
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HP46

99

15 amino acids
substitution of
T341S, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, truncation
before F38 at the
N-terminus, and
truncation after
F468 at the C-
terminus

FRAFPPVIPNVINTHAWNARS
FOFPIGESPRINATGQGVTIFYVDRLGYYPY TDBITG
FIVHGHTEFQORISLODETLDE KOITETMPVINLGM
AVIDWEEWRPTWARNWRER TIRSIELVOQONY
LELTEATERAKGEFRKAGRDFLVET IKLGRLLEY
FEDOYNH
NESTALYRSTY
BVSKIPDAKEPLE
ODELVYTFGETVALGAIGTVIT }SWENTR TRESCQ
_AE_K_E\\’DTTI NEY LINVTLAAXAC S GVLCQRGGVT
SDYLELNEPONFATOLEKGGRETVRGEEPT

LEDLEQESERKFYCSCY STLSCKEFADVKDTOAYD

1y

HMA47

100

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L.352Q),
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
P478 at the C-
terminus

W2 AR SEFCLGKEDEFLOMSL
FRINARTGRGVTIFYVORLGYYEY IDS
lEQE\ SLODELOKAKEDIY FYMEVDNLEM
AVIDWEEWRFTHARNWRPEDVY ERRE TELVGRONY
TEATEREKOEFRRKAGKDYLVET TKLGELLRE
NHIWGYYLEPDOY NHEYEKPGYNGSCRINVEIKRND
DLSWLANESTALY PSTYTNTOOSEVARTLY VRNRY
RRATRVIRIPDAREPLEVEAYTRIVETROVLEELE
POELVYTIFGETVALGASGIVIWGCTWENTRTKESCQ
AIREVMBTTINEY I TNVTLARKMCSQVLCOQEDGEY 't"
IRXNWRESDYLELNPDNFA TG LERGGKEFTVEGKET
CRESEKPY CSCYSTLSCREEADVRITTANY

CIDAFLEPFMETEER

45
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FRAPPVIPNYPEFLWAWNAPSEPCLGHREDE PLDMEL
IGSPRINATGOGVTY JELGYYEY IDS

HM48 101 14 amino acids
substitution of
L342W, S343E,

344N, M345T RIS LUELORAKKDIT Y MEVINLGY
; ; AVIDWERWRPTWARNWEEROVY ENRE TELVGQQNY

S347T, M348K, . e
K349E. L3520, LSLTEATERRKGEFEKAGKDTLVETIKLGKLLRE

L353A, L3541, NELUCY Y LEEDOYNHE THGECFRVETKRND
D355K, N356E, DLSWLENESTALY PRIVLNTOQSPVAATLY VRINRY
E359D and I361T, | reniRySRY SDARISLPVEACTRIVETDOVLKFLS
gg (ﬂﬁg iffore QUELVYTFGETVALGASGTVINGTHENTRTKESCQ
terminus, and IRE?MDTTLASY I TNV L ARKMOSQVLOQRQGYC
truncation after NS SDYLELNEOH FAIOLERGGRETVRAKET

BEFYCRCY STLSCKEKADVENTDAVEY

1480 at the C-
terminus DAFLEPEMETERPGT

HM49 102 14 amino acids TRAPPYIPNVEFLWAWNARP SEVCLGREDEPLUMST
substitution of FEPIGSEFRINATGOEVTIFYVORLEYY PY IDSYPC
L342W, S343E, 3 TP MUY TIN T
IS33L£1471\I"1: 11\\/[/[11;% WHPTWARNWEPEDVY KNRSTELVE
K349Ej L352Q’ LWTRATE T\lP’QT CRRAGELDTLVETIRLGKLLETR
L353A, L3541, NHLWGEY Y LEPDCYNHNY B PGYNGSCINVE TXKRNTY
D355K, N356E, DLEWLWNESTALY PEIVLNTOOQSPVARTLYVERNRY
E359D and I361T, EEATEVSKI PDARAPLPYRRAYTEIVE IJ_Q\ T

truncation before ATV T e R . ety e
SOELVY T ERGETVALGASGIVIWNG WENTRTKE“_

F38 at the N- . o — -
terminus, and AIKEYMDTTINEY I TNVTLARFMOSGVL.CQEQGVC

.

GUPGRIRL QT“‘IJLH&R;&L

truncation after RKNWNESDYLELNPDNFAIQLEKGGRETVREKPT
Y482 at the C- L EDLEQFSERFYCSCY SPLSCKRKADVED TDRVDY

terminus CTADGVCIDAFLEPOMETERPQIFY
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HMS50

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1L3520Q,
L353A, L3541,
D355K, N356E,

E359D and 1361T,

truncation before
F38 at the N-
terminus, and
truncation after
A484 at the C-
terminus

TRAFFVIFPNVRFLWAWNAPSEVCLGHEFDEPLIMEL
TEPIGSPRINATGQGVTIFYVIRLGYYRYIDSITG
VIVHGETPORYISLODELDEARED T T FYMPYDNTLEM
REPTWARNWREFEIVY KNESTRLVQOONY
ERARKGEFERAGEDYLVET IELGKLLRE
HAELWGY YL PRDOY NI BEPGTNGSCINVEIKRND
DLSWLWNESTALY FSTYLNTQOSPVARTLYVRNRY
REAIRVARIPLDAKSPLPVFAYTRIVEITLROVLERELS
COELVYTPGETVALGASGIVIRGTWENTETKESCQ
AIREYMDTTLNEY I T¢ FMCSCVLCQEOGEYC
SEDYLELMEDNFATOLEKGGHEITYRGERT

SEEYCSCYITLSCRERADVEUTDAVLY

HMS51

104

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, L352Q,
L353A, L3541,
D355K, N356E,

E359D and I361T,

truncation before
F38 at the N-
terminus, and
truncation after
P486 at the C-
terminus

CLGKEFLEFLODMST

WRSIELVOU
QLELTEATERAFGETRERAGK VET IKLGELLEY
NELWGYYLFEDCYNHEY KXPGYNGSUFNVEIRRND
QOSPVARATLYVRNRY
SEKIPDAKSFLEFVEAYTRIVETLOOVLEELS
TFGETVALGASGIVINGTWENTRETEEZCQ
AIRBEYMBTPTINPY T INVTLAAKMUSGVLCQRQEVE
H LTHPINFATOLERGGRETVRGEPT

STLSCKEKADVEDTDAY

SMETERPQTFYNASD

&
b

JEN R
SLREYCSC
IDAFLEE
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HM52

105

14 amino acids
substitution of
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1L3520Q,
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
T488 at the C-
terminus

RAPPVIPNVENTWAHNAPSEYCLGREDEY.
FEPIGSPRIMATGQEVT IFYVIRLGYYFYIDSITG
VIVMGGIPOKI SLODHLDRAKKDITFYMEVDNLGM
IREWRPTWARNWEPROVI ENRS YELVQOQWY

WWETIKLGELLRY
NEIHGYY LEPDOCYNHEY REFGYNGESCHRVEIREND
DLSWLWNESTALY PSTY LT
REATRVSERTFDAKSELZY HIVEFTDOVLKFLS
DELVYTFGETVELGASGIVI ‘JaTWENTRTKE‘ax,Q
AIKEYVMBTTLNPY IINVILAAFKMCSOVLOQEQGVC
IRKNWHSSDYLRLNFONE
LEDLEQYSERFYCSCY STLECKEEADVEDTDAVEY
CTADGVCIDAPLEPEMETEEPOIFYNAZERST

I

HM53

106

15 amino acids
substitution of
T341G, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
1352Q, L353A,
13541, D355K,
N356E, E359D and
1361T, truncation
before L36 at the
N-terminus, and
truncation after
S490 at the C-
terminus

LINFRRAPEVIPNVPFLHA SEFCLGEFDEPLDM
SLFSFIGSPRINATGQGVT IFTVIRLGYYRYY
TEVTVNGGFIPRQEKISLODHLDEAKEDITYYMEY DN
GMAVIDWEEWR PTWARNWKERDVYRNEST ELAVQGR
NVOLESLTEATERKAKOEFERAGKDFLVETTKLGRKLL
RENHLWGYYLEPOOYNHHY KREGYNGECENVET KR
NODLSWIANESTRLY PSS IV LNTGREPVE AV
RVERAIRVIKIPDAKSPLEVEAYTRIVETDOVLKY
LEQDELVYTEGETVALGASG IV IHGGNENTRTRE S
CIIDVILARKMCEY
LNEL %IQL'
SOV STLACE

PMETEE®RI

.r‘
S ST

Y
3

DVCIR .‘\.}GVL
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HM54

107

15 amino acids
substitution of
T341A, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, truncation
before L36 at the
N-terminus, and
truncation after
S490 at the C-
terminus

TGVTVNGETFORT @uf} DHLIEEAK
GMAVIDREEWRPTWARNWEYKIVYENRSTEIAVG f\g

B DI\ RLHGY
NODLSWLWHNESTALYFSIYLNTGOSEV

WATLY VRN
DRKSPLEVEAYTRIVFTDGVLKE
RLVYTFGETVALGASGIVINGANENTRTKES

§ ""G G }S.I:‘T g l\ K
LSCKERADVERTLAY

CEPOTFYNASPITLS

RDLEQYSEEFYCS

"—u‘\ (;V

DV T ADNGVOIDANL KR DMS

HMS55

108

15 amino acids
substitution of
T341C, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, truncation
before L36 at the
N-terminus, and
truncation after
S490 at the C-
terminus

LNFRAPPVIFYNVE PURAWNAP S
SLESFTICSPRINATGREVTY
TEVTWVHNGGEI PO
GMAVIDWEEWRPTWARNWKERD
NVOLALTEATEKARDEFREAGKDELVET T KLGRLG
RPNRLEGY YLFPDCYNHNYKEPGYNGICFRVEITKR
NEDLEWLWNESTALY PSIYLNTOQUSEVARTLY VR
RVREATRYSKIPOAKSPLEVEAYTRIVETDOVIKE

\N

" 1

LSQDELVYTEEETVALGASG
CEAIKEYMDTTINPYITIINVTL B&Eﬂ'}‘& SOV “_i?Q G

VOIRENENSSDYLHINPDNFATQLERGEK
PTLEDLEQFSEXEYCSCYSTLSCREKADVRDTIAY

DVCIEDGVCIDATLKPPMETEERQIOSTF{NASY
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HMS56 109 15 amino acids LNFERFPEVIPHVPFLWARNATSEFCLGEET

substitution of SLESFIGESRTIRATGOGUT T FYVDRY
T341D, L342W, TEVTVNGET POKT SLODHLDKAKKD TT FYMPVONL

E/f;‘jfi‘péijlji" SMAVIONERWRPTRARNWEPEDVYRY

M348K. K349E. NVOLSLTEAT OFEYRERAGEDFLYVETIELGELL
L352Q, L353A, RONELRGYY LEPDCYNEHY KKPEYNGSCENVE TKR
L3541, D355K, NODLSWLWN R STALY PEIY LNTGOS Py
g36516TE’t E359:? and | 5 yREATRVSKIPDAKSPLEVEAYTRIVET]
runcation

’ LEODELYYT SGETVALGRASAY
before L36 at the LHRDELVY : VALOAS
N-terminus, and G QAIKEINE E~

truncation after VOIRRMWHSSDYY HLNPDE\TE‘E&IQLE;\F‘ :

S490 at the C- PILEDLEOFSEKEYCSOYSTLACKERA
terminus WO IADGVC IDATLEPPMETEEPQT

HP57 110 12 amino acids SRAPPVIPNVERFLUAWHNAFSE FCLGKIDE PLDMSL
substitution of PETTGSPRIMATGOGYT I SYVORLGYY PY TR ITG

344N, M345T,
S347T, M348K,
K349E, L352Q, 7
L353A, L3541, GKLLRP
D355K, N356E, HELRGYYLES KPGYNGACFNVEIREND
E359D and 1361T, LENESTALY PSTY INTOOS PYARTLY VRINEY

truncation before I PDAKEPLEVEAYTRIVETDOVLKFLS
F38 at the N-

‘ VY TEGETVALGASGIVIN T?NTPTKE”‘Q
terminus, and —_ "=
truncation after AIREVMDTTLNEY [ INVILARKMCAQVICQRUGYC
F468 at the C- : NSSDYLELNPONFATOLRESGK FTVREK P
terminus LEDLEQFSRKFYCSCY STLSCKEREDVKDT LAV DY

CTADGVCIDAR

FDNLGM
vQReN

t
RARY

N
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HP58

111

13 amino acids
substitution of
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
L3541, D355K,
N356E, E359D and
1361T, truncation
before F38 at the N-
terminus, and
truncation after F4684
at the C-terminus

FRAFRY [ PNVY FIWARNAP SKYCLGKETR
GOPRINATGOGYVTIFYVIRLGYY PFY IDSITG
WEEIFPORISLODHLDKAKKDIT FYMEVDNLGHM
DWEEWHPTWARKWKEPROVY KNRS TELVGOONY
SJEATERARGEFREAGRDFLVET IELGRLLRY
NHLWGY ¥ LEYYDCYNHREY KKPGYNGSCFRNVEIREND
DLW LWNESTALY PR TIYINTQOIPVAATLYVENRY
REATRVEKIPDAKEPLPYERY TRIVETDOVIEEFLS
QURLVYTFGETVALGASGIVIWGTLENTETRESCO
AIKEYMDTTINEY I INVTLARKMCSQVLCQEQGVT
IRENWNESOY LRLNFON QINFGERETVRGERT

G FSEEFYCSCY STYLSCKERADVEDTDAYRY

G

HP59

112

15 amino acids
substitution of
T341A, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
13541, D355K,
N356E, E359D and
1361T, truncation
before F38 at the
N-terminus, and
truncation after
F468 at the C-
terminus

FRAPPVIPRVPFLWAWNAP SEFCLGKIDEPLD
FOYIGEPRIRATOQGVTIEYVDORLOGYYEY IDSITG
VIVRGHTPORISLODHLDEAKRDIT Y MEVRNLGY
AVIDWEEWRPTHARNWEEPRDVY SR EIELVORQNY
QLELTEATESKAKQEFEER IKLGKLLRP
Y LEPDCYNHEY KRPGYNGSCFNVEIERND
SETRLY BST QESPVARTTLYVENRY
LEVEAYTRIVETRGVIEEL
LEASGIVIWCAWENTHTRE SCQ
INVTLAARKMCSCGVLCQEQGYT
DthLNPZ}N_:AIQ‘_\_K’%G {FTVRGEFT
AR RETCRCY STLSCERRADY KT

CTRDGVOIDAY

2

7
t
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HP60 113 15 amino acids
substitution of RINATGOGV
T341G, L342W, YTVNGS T POKE ‘\TQ]'—- 1
S343E, 1344N,
M345T, S347T,
M348K, K349E, SLSLTRATE f\.bal\\u
1352Q, L353A, NNLEG PDCYNHHYK
L3541, D355K, Qg" PVRAATLYVRNRY
N356E, E359D and | reatRvSKIPDAKSPLPVFAYTRIVETDOVLEFLS
ffﬁl)rz g“; Zittf: QORI TRGETVALG ?\:;T VT vrfws}wr« TEESCQ
N-terminus, and AIKEVMDTTINPY T INVTLARRMCRQVICQEQGVC
truncation after o [FATQLERGERETVREGKEPT
F468 at the C- ¥ STLSCKERADYKDTDAVDY
terminus

HP61 114 16 amino acids grp 7T PNV FLNAWNAF SR FCLGKFDE FLOMET,

substitution of
A40G, T3418,
L342W, S343E,
344N, M345T,
S347T, M348K,
K349E, 1.352Q),
L353A, L3541,
D355K, N356E,
E359D and I361T,
truncation before
F38 at the N-
terminus, and
truncation after
F468 at the C-
terminus

. ‘J
0
mj

f-'SPR\T\l\TGgJGTTT BLGYYPYiD3ITE

A
},‘ LTFEATEEAKQGE TLVETIKLGRULRE
NRLWEY YLEPDCYNHRY KKPEYNGSCFRVE I RRND
DLSWIWNHESTALY PE T LTS PVARTLY VRIRY
REAIRVSKIPDAKSPFLEVEFAYTRIVEITDOVLEFLS

ELVYTY TVALGASGTVINGSWENTRTRRESCQ
YMRTTLNEY TINVTLAAKMCSOVLCOEQGVC

D LRI TR E KGGRETVRG
PONREPTCSCY STLSCKRKEDVEDTDAVIV
CIADGVOIDAE
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HP62 115 Removal of P42, 15 | TRGPRVIPNVE FLEAWNAP SR FCLORFLE PLOMSL
amino acids TSP IGSPRINATGOG VT LS RLOYYPYIDSITG
substitution of VTUNGG T PUKT SLODHLOKAKKDITFYMOVDNLE

T341S, L342W,
S343E, 1344N,
M345T, S347T,
M348K, K349E,
L352Q, L353A,
13541, D355K,

TL@ETBQVLmFmS
N356E, E359D and | _ . ‘ N ‘
’ DELVYT PGRTVALGASS e ST
B6IT, fruncation | COELVYTFOETVALGAS SWENTRTKES

before F38 at the | ALKEYMBTPINPY I INVTLARKMCSQVLCQEQGVC
NS SOYLELNSDN FA T LR KSR Py

E?STELVHGQWV

K
AVIDWEEWRPTWARNWEFRDVTE
KDFMUVETIKLGELLEY

LTREATE E{}J\L;LF EA

T
HLWGEY

N-terminus, and
truncation after
F468 at the C-
terminus

[0064] In some embodiments the variant or fragment of hyaluronidase is a hyaluronidase
enzyme where the N-terminus further includes a human growth hormone signal peptide having
an amino acid sequence MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human
serum albumin signal peptide having an amino acid sequence MKW VTFISLLFLFSSAYS of
SEQ ID NO: 4, or a human Hyall signal peptide having an amino acid sequence
MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5 as shown in Table 5 below, instead of the
signal peptide of wild-type PH20, which consists of M1 to T35, but is not limited thereto. In
embodiments, the signal peptide of wild-type PH20 (amino acid residues M1 to T35) is partially
or completely deleted. In some embodiments, where a portion of the N-terminus is further
deleted, for example, a case in which cleavage occurs before the N37, F38, R39, A40, P41 or
P42 residue occurs so that an additional deletion of the N-terminus together with the deletion of

the signal peptide of wild-type PH20 occurs.

Table 5 — Amino acid sequences of signal peptide of human growth hormone, human serum

albumin or human Hyal1

Amino acid Sequence SEQ ID NO.
Human growth MATGSRTSLLLAFGLLCLPWLQEGSA | 3
hormone
Human serum albumin | MKWVTFISLLFLFSSAYS 4
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Human HYAL1 MAAHLLPICALFLTLLDMAQG 5

[0065] In some embodiments, the variant or fragment of hyaluronidase includes a variant
having a C-terminal to which a 6xHis-tag is attached (denoted as HM), a variant without a
6xHis-tag (denoted as HP), a mature wild-type PH20 (L36-S490) having a C-terminal to which a
6xHis-tag is attached (denoted as WT), and mature wild-type PH20 (L36 to Y482) that does not
contain a 6xHis-tag and has a C-terminal in which cleavage occurs after Y482 (denoted as
HW2).

[0066] In certain embodiments, compositions include one or more variant or fragment of a
hyaluronidase enzyme, such those described in European Patent Publication No. EP3636752A1
and International Patent Publication No. WO 2020/197230, the disclosures of which are herein
incorporated by reference.

[0067] In embodiments, the amount of hyaluronidase enzyme present in the composition
may vary and may be 100 U or more, such as 250 U or more, such as 500 U or more, such as 750
U or more, such as 1000 U or more, such as 1500 U or more, such as 2000 U or more, such as
2500 U or more, such as 3000 U or more, such as 3500 U or more, such as 4000 U or more, such
as 4500 U or more, such as 5000 U or more, such as 10,000 U or more, such as 20,000 U or
more, such as 30,000 U or more, such as 40,000 U or more and including 50,000 U of
hyaluronidase enzyme or more. In some embodiments, the composition includes about 500 U of
the hyaluronidase enzyme, about 600 U, about 700 U, about 800 U, about 900 U, about 1,000 U,
about 1,100 U, about 1,200 U, about 1,300 U, about 1,400 U, about 1,500 U, about 1,600 U,
about 1,700 U, about 1,800 U, about 1,900 U, about 2,000 U, about 2,100 U, about 2,200 U,
about 2,300 U, about 2,400 U, about 2,500 U, about 2,600 U, about 2,700 U, about 2,800 U,
about 2,900 U, about 3,000 U, about 3,100 U, about 3,200 U, about 3,300 U, about 3,400 U,
about 3,500 U, about 3,600 U, about 3,700 U, about 3,800 U, about 3,900 U, about 4,000 U,
about 4,100 U, about 4,200 U, about 4,300 U, about 4,400 U, about 4,500 U, about 4,600 U,
about 4,700 U, about 4,800 U, about 4,900 U or about 5,000 U of the hyaluronidase enzyme.

For example, the amount of hyaluronidase enzyme in the composition may range from 50 U to
50,000 U, such as from 100 U to 45,000 U, such as from 250 U to 40,000 U, such as from 500 U
to 35,000 U, such as from 750 U to 30,000 U, such as from 1000 U to 25,000 U, such as from
1500 U to 20,000 U, such as from 2000 U to 15,000 U, such as from 2500 U to 10,000 U and
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including from 3000 U to 5000 U of the hyaluronidase enzyme. For example, the amount of
hyaluronidase enzyme in the composition may range from 50 U to 50,000 U, such as from 100 U
t0 40,000 U, such as from 300 U to 30,000 U, such as from 500 U to 20,000 U, such as from 700
U to 10,000 U, such as from 800 U to 5,000 U, such as from 900U to 4,000 U, such as from
1,000 U to 3,000 U, such as from 1,500 U to 2,500 U and including from 1,700 U to 2,200 U of
the hyaluronidase enzyme.

[0068] In certain embodiments, the concentration of the hyaluronidase enzyme in the
composition is 50 U/mL or more, such as 100 U/mL or more, such as 250 U/mL or more, such as
500 U/mL or more, such as 750 U/mL or more, such as 1000 U/mL or more, such as 2000 U/mL
or more, such as 2500 U/mL or more, such as 3000 U/mL or more, such as 3500 U/mL or more,
such as 4000 U/mL or more, such as 4500 U/mL or more, such as 5000 U/mL or more. In some
instances, the concentration of the hyaluronidase enzyme is about 100 U/mL, 200 U/mL, 300
U/mL, 400 U/mL 500 U/mL, about 600 U/mL, about 700 U/mL, about 800 U/mL, about 900
U/mL, about 1,000 U/mL, about 1,100 U/mL, about 1,200 U/mL, about 1,300 U/mL, about
1,400 U/mL, about 1,500 U/mL, about 1,600 U/mL, about 1,700 U/mL, about 1,800 U/mL,
about 1,900 U/mL, about 2,000 U/mL, about 2,100 U/mL, about 2,200 U/mL, about 2,300
U/mL, about 2,400 U/mL, about 2,500 U/mL, about 2,600 U/mL, about 2,700 U/mL, about
2,800 U/mL, about 2,900 U/mL, about 3,000 U/mL, about 3,100 U/mL, about 3,200 U/mL,
about 3,300 U/mL, about 3,400 U/mL, about 3,500 U/mL, about 3,600 U/mL, about 3,700
U/mL, about 3,800 U/mL, about 3,900 U/mL, about 4,000 U/mL, about 4,100 U/mL, about
4,200 U/mL, about 4,300 U/mL, about 4,400 U/mL, about 4,500 U/mL, about 4,600 U/mL,
about 4,700 U/mL, about 4,800 U/mL, about 4,900 U/mL or about 5,000 U/mL. For example,
the concentration of the hyaluronidase enzyme in the composition may range from 50 U/mL to
5000 U/mL, such as from 100 U/mL to 4500 U/mL, such as from 250 U/mL to 4000 U/mL, such
as from 500 U/mL to 3500 U/mL, such as from 750 U/mL to 3000 U/mL, including
from1000U/ml to 2000U/ml and including from 1500 U/mL to 2500 U/mL.

[0069] Compositions according to embodiments also include a telomerase inhibitor having
an oligonucleotide and a lipid moiety linked to the 5* and/or 3’ end of the oligonucleotide. In
embodiments, the term telomerase inhibitor as used herein refers to a compound which is
capable of reducing or inhibiting the activity of telomerase reverse transcriptase enzyme in a

mammalian cell. Telomerase inhibitors of interest, in some instances, include a h'TR template
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inhibitor including an oligonucleotide. An “hTR template inhibitor” is a compound that blocks
the template region of the RNA component of human telomerase and can inhibit the activity of
the enzyme. In some embodiments, the oligonucleotide includes a sequence effective to
hybridize to a more specific portion of this region, having sequence 5'-CUAACCCUAAC-3".
[0070] Telomerase inhibitors of interest include an oligonucleotide and a lipid moiety linked
to the 57 and/or 3° end of the oligonucleotide. In some embodiments, the telomerase inhibitor
includes an oligonucleotide having “nuclease-resistant linkages” having a backbone with subunit
linkages that are substantially resistant to nuclease cleavage, in non-hybridized or hybridized
form, by extracellular and intracellular nucleases. In some instances, the oligonucleotide shows
little or no nuclease cleavage under physiological conditions.

[0071] The region of the therapeutic oligonucleotide that is targeted to the hTR sequence is,
in some embodiments, complementary to the corresponding hTR sequence. In certain
embodiments, the base sequence of the oligonucleotide includes a sequence of 5 nucleotides or
more that are complementary to the hTR target, such as 8 nucleotides or more, such as 10
nucleotides or more, such as 12 nucleotides or more, such as 15 nucleotides or more that are
complementary to the hTR target. In certain embodiments, oligonucleotides in telomerase
inhibitors of the present disclosure are fully complimentary to the hTR target sequence, such as
where the full length of the oligonucleotide is complementary to the hTR target sequence.
[0072] The telomerase inhibitor includes internucleoside linkages, such as phosphodiester,
phosphotriester, methylphosphonate, P3'->N5' phosphoramidate, N3'>PS' phosphoramidate,
N3'->P5' thiophosphoramidate, and phosphorothioate linkages. In certain embodiments,
telomerase inhibitors of interest include at least one N3’ > P5' phosphoramidate (NP) or N3'>P5'
thiophosphoramidate (NPS) linkage, which linkage may be represented by the structure: 3'-(-
NH--P(=0)(--XR)--0-)-5', wherein X is O or S and R is selected from the group consisting of
hydrogen, alkyl, and aryl; and pharmaceutically acceptable salts thereof, when XR is OH or SH.
In other embodiments, the oligonucleotide includes all NP or, in some embodiments, all NPS
linkages. In one embodiment, the sequence for an hTR template inhibitor oligonucleotide is the
sequence complementary to nucleotides 42-54 of SEQ ID NO: 6
(GGGUUGCGGAGGGUGGGCCUGGGAGGGGUGGUGGCCAUUU
UUUGUCUAACCCUAACUGAGAAGGGCGUAGGCGCCGUGCUUUUGCUCCCC
GCGCGCUGUUUUUCUCGCUGACUUUCAGCGGGCGGAAAAGCCUCGGCCUG
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CCGCCUUCCACCGUUCAUUCUAGAGCAAACAAAAAAUGUCAGCUGCUGGC
CCGUUCGCCUCCCGGGGACCUGCGGCGGGUCGCCUGCCCAGCCCCCGAAC
CCCGCCUGGAGCCGCGGUCGGCCCGGGGCUUCUCCGGAGGCACCCACUGC
CACCGCGAAGAGUUGGGCUCUGUCAGCCGCGGGUCUCUCGGGGGCGAGGG
CGAGGUUCACCGUUUCAGGCCGCAGGAAGAGGAACGGAGCGAGUCCCGCC
GCGGCGCGAUUCCCUGAGCUGUGGGACGUGCACCCAGGACUCGGCUCACA
CAUGCAGUUCGCUUUCCUGUUGGUGGGGGGAACGCCGAUCGUGCGCAUCC
GUCACCCCUCGCCGGCAGUGGGGGCUUGUGAACCCCCAAACCUGACUGAC
UGGGCCAGUGUGCU). In certain embodiments, the oligonucleotide includes a sequence
which is complementary or near-complementary to some portion of the 11-nucleotide region
having the sequence 5'-CUAACCCUAAC-3' The oligonucleotide having this sequence
(TAGGGTTAGACAA; SEQ ID NO:17) and N3'->P5' thiophosphoramidate (NPS) linkages is
designated herein as GRN163. See, for example, Asai et al., Cancer Research 63:3931-3939
(2003) and Gryaznov et al., Nucleosides Nucleotides Nucleic Acids 22(5-8):577-81 (2003).
Another target region is the region spanning nucleotides 137-179 of hTR (see Pruzan et al., Nucl.
Acids Research, 30:559-568, 2002). Within this region, the sequence spanning 141-153 is a
preferred target. PCT publication WO 98/28442 describes the use of oligonucleotides of at least
7 nucleotides in length to inhibit telomerase, where the oligonucleotides are designed to be
complementary to accessible portions of the hTR sequence outside of the template region,
including nucleotides 137-196, 290-319, and 350-380 of hTR. Preferred hTR targeting sequence
are given below, and identified by SEQ ID NOS: 7 - 27. In certain embodiments, the
oligonucleotide of the telomerase inhibitor has a sequence targeting human telomerase RNA

(hTR), including but not limited to the sequences:

hTR Targeting Sequence Region of SEQ ID | SEQ ID NO:
NO:6

ACATTTTTTGTTTGCTCTAG 160-179
GCTCTAGAATGAACGGTGGAAGGCGGCAGG | 137-166 8
GTGGAGGCGGCAGG 137-151 9
GGAAGGCGGCAGG 137-149 10
GTGGAAGGCGGCA 139-151 11
GTGGAAGGCGG 141-151 12
CGGTGGAAGGCGG 141-153 13
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ACGGTGGAAGGCG 142-154 14
AACGGTGGAAGGCGGC 143-155 15
ATGAACGGTGGAAGGCGG 144-158 16
TAGGGTTAGACAA 42-54 17
CAGTTAGGGTTAG 46-58 18
TAGGGTTAGACA 42-53 19
TAGGGTTAGAC 42-52 20
GTTAGGGTTAG 46-56 21
GTTAGGGTTAGAC 44-56 22
GTTAGGGTTAGACAA 42-56 23
GGGTTAGAC 44-52 24
CAGTTAGGG 50-58 25
CCCTTCTCAGTT 54-65 26
CGCCCTTCTCAG 56-67 27

[0073] Telomerase inhibitors of the present disclosure include a lipid moiety linked to the 5’
and/or 3’ end of the oligonucleotide. In some instances, structural group provides for superior
cellular uptake properties, such that an equivalent biological effect may be obtained using
smaller amounts of the conjugated oligonucleotide compared to the unmodified form. The lipid
moiety may be an aliphatic hydrocarbon or fatty acid, such as derivatives of hydrocarbons and
fatty acids. For instance, the lipid moiety may be saturated straight chain compounds having 14-
20 carbons, such as myristic (tetradecanoic) acid, palmitic (hexadecanoic) acid, and stearic
(octadeacanoic) acid, and their corresponding aliphatic hydrocarbon forms, tetradecane,
hexadecane and octadecane. Examples of other lipid moieties include sterols, such as
cholesterol, and substituted fatty acids and hydrocarbons, particularly polyfluorinated forms of
these groups. In certain embodiments, the lipid moiety includes one or more derivatives such as
amine, amide, ester and carbamate derivative of the lipid moiety. In one example, the lipid
moiety is a palmitoyl (C16) moiety, such as palmitoyl amide. The lipid moiety may be
conjugated to the oligonucleotide through a linker, such as a glycerol or aminoglycerol linker.
[0074] In some embodiments, the telomerase inhibitor is a compound as described in U.S.
Patent No. 9,375,485, the disclosure of which is herein incorporated by reference. In certain
embodiments, the telomerase inhibitor is imetelstat (5' palmitoylated 13-mer
thiophosphoramidate oligonucleotide composed of the sequence 5'-TAGGGTTAGACAA-3’
SEQ ID NO:17) or a pharmaceutically acceptable salt thereof, such as imetelstat sodium:
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[0075] In some embodiments, the amount of telomerase inhibitor, such as imetelstat or
imetelstat sodium, in the subcutaneous composition is from about 0.5 to about 5 mg, about 5 to
about 10 mg, about 10 to about 15 mg, about 15 to about 20 mg, about 20 to about 25 mg, 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, about 200 to about 225 mg, about 225 to about 250
mg, about 250 to about 300 mg, about 300 to about 350 mg, about 350 to about 400 mg, about
400 to about 450 mg, or about 450 to about 500 mg, about 500 mg to about 600 mg, about 600
mg to about 700 mg, about 700 mg to about 800 mg, about 800 mg to about 900 mg, about 900
mg to about 1000 mg, about 1100 mg to about 1200 mg, about 1200 mg to about 1300 mg, about
1300 mg to about 1400 mg, about 1400 mg to about 1500 mg, about 1500 mg to about 1600 mg,
about 1600 mg to about 1700 mg, about 1700 mg to about 1800 mg, about 1800 mg to about
1900 mg, about 1900 mg to about 2000 mg, about 2000 mg to about 2100 mg, about 2100 mg to
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about 2200 mg, about 2200 mg to about 2300 mg, about 2300 mg to about 2400 mg, about 2400
mg to about 2500 mg.

[0076] In some embodiments, the amount of a telomerase inhibitor is in a unit dosage form
having an amount in the range of from about 5 mg to about 1000 mg, 5 mg to about 500 mg,
such as about 30 mg to about 300 mg or about 50 mg to about 200 mg. In some embodiments,
the amount of a telomerase inhibitor is in a unit dosage form having an amount in the range of
from about 200 mg to about 3000 mg, 750 mg to about 2500 mg, such as about 1000 mg to about
2000 mg or about 500 mg to about 2000 mg. The unit dosage form may be liquid or lyophilized.
[0077] In some embodiments, the concentration of the telomerase inhibitor in the
composition is dilute (about 0.1 mg/ml) or concentrated (about 300 mg/ml), including for
example any of about 0.1 to about 300 mg/ml, 0.1 to about 200 mg/ml, about 0.1 to about 180
mg/ml, about 0.1 to about 160 mg/ml, about 0.1 to about 140 mg/ml, about 0.1 to about 120
mg/ml, about 0.1 to about 100 mg/ml, about 0.1 to about 80 mg/ml, about 0.1 to about 60 mg/ml,
about 0.1 to about 40 mg/ml, about 0.1 to about 20 mg/ml, about 0.1 to about 10 mg/ml about 2
to about 40 mg/ml, about 4 to about 35 mg/ml, about 6 to about 30 mg/ml, about 8 to about 25
mg/ml, about 10 to about 20 mg/ml, about 12 to about 15 mg/ml, or any of about 0.1 mg/ml, 0.2
mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1
mg/ml, 1.1 mg/ml, 1.2 mg/ml, 1.3 mg/ml, 1.4 mg/ml, 1.5 mg/ml, 1.6 mg/ml, 1.7 mg/ml, 1.8
mg/ml, 1.9 mg/ml, 2 mg/ml, 2.1 mg/ml, 2.2 mg/ml, 2.3 mg/ml, 2.4 mg/ml, or 2.5 mg/ml. In some
embodiments, the concentration of the telomerase inhibitor is at least about any of 0.1 mg/ml, 0.2
mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 1.3 mg/ml, 1.5 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5
mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, 11 mg/ml, 12 mg/ml, 13 mg/ml, 14
mg/ml, 15 mg/ml, 16 mg/ml, 17 mg/ml, 18 mg/ml, 19 mg/ml, 20 mg/ml, 21 mg/ml, 22 mg/ml,
23 mg/ml, 24 mg/ml, 25 mg/ml, 26 mg/ml, 27 mg/ml, 28 mg/ml, 29 mg/ml, 30 mg/ml, 31
mg/ml, 32 mg/ml, 33 mg/ml, 33.3 mg/ml, 34 mg/ml, 35 mg/ml, 36 mg/ml, 37 mg/ml, 38 mg/ml,
39 mg/ml, 40 mg/ml, 50 mg/ml, 60 mg/ml, 70 mg/ml, 80 mg/ml, 90 mg/ml, 100 mg/ml, 110
mg/ml, 120 mg/ml, 130 mg/ml, 140 mg/ml, 150 mg/ml, 160 mg/ml, 170 mg/ml, 180 mg/ml, 190
mg/ml, 200 mg/ml, 210 mg/ml, 220 mg/ml, 230 mg/ml, 240 mg/ml, or 250 mg/ml, 260 mg/ml,
270 mg/ml, 280 mg/ml, 290 mg/ml, 300 mg/ml.

[0078] In certain embodiments, the composition is formulated to include the telomerase

inhibitor, such as imetelstat or imetelstat sodium, at a dosage ranging from about 2.0 mg/kg to
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about 20.0 mg/kg, such as from about 3.0 mg/kg to about 15.0 mg/kg, such as from about 4.0
mg/kg to about 10 mg/kg , such as from about 6 mg/kg to about 14 mg/kg, such as from about 7
mg/kg to about 13 mg/kg, such as from about 8 mg/kg to about 12 mg/kg, such as from about 7.5
mg/kg to 9.4 mg/kg, including from about 9 mg/kg to about 11 mg/kg, and including from about
11 mg/kg to about 14 mg/kg. In some embodiments, the composition is formulated to include
the telomerase inhibitor, such as imetelstat or imetelstat sodium, at dosage ranging from about
7.5 mg/kg to about 9.4 mg/kg. For example, the dosage of telomerase inhibitor may be 4.0
mg/kg, 4.1 mg/kg, 4.2 mg/kg, 4.3 mg/kg, 4.4 mg/kg, 4.5 mg/kg, 4.6 mg/kg, 4.7 mg/kg, 4.8
mg/kg, 4.9 mg/kg, 5.0 mg/kg, 5.1 mg/kg, 5.2 mg/kg, 5.3 mg/kg, 5.4 mg/kg, 5.5 mg/kg, 5.6
mg/kg, 5.7 mg/kg, 5.8 mg/kg, 5.9 mg/kg, 6.0 mg/kg, 6.1 mg/kg, 6.2 mg/kg, 6.3 mg/kg, 6.4
mg/kg, 6.5 mg/kg, 6.6 mg/kg, 6.7 mg/kg, 6.8 mg/kg, 6.9 mg/kg, 7 mg/kg, 7.1 mg/kg, 7.2 mg/kg,
7.3 mg/kg, 7.4 mg/kg, 7.5 mg/kg, 7.6 mg/kg, 7.7 mg/kg, 7.8 mg/kg, 7.9 mg/kg, 8 mg/kg, 8.1
mg/kg, 8.2 mg/kg, 8.3 mg/kg, 8.4 mg/kg, 8.5 mg/kg, 8.6 mg/kg, 8.7 mg/kg, 8.8 mg/kg, 8.9
mg/kg, 9 mg/kg, 9.1 mg/kg, 9.2 mg/kg, 9.3 mg/kg, 9.4 mg/kg, 9.5 mg/kg, 9.6 mg/kg, 9.7 mg/kg,
9.8 mg/kg, 9.9 mg/kg, 10 mg/kg, 10.1 mg/kg, 10.2 mg/kg, 10.3 mg/kg, 10.4 mg/kg, 10.5 mg/kg,
10.6 mg/kg, 10.7 mg/kg, 10.8 mg/kg, 10.9 mg/kg, 11 mg/kg, 11.1 mg/kg, 11.2 mg/kg, 11.3
mg/kg, 11.4 mg/kg, 11.5 mg/kg, 11.6 mg/kg, 11.7 mg/kg, 11.8 mg/kg, 11.9 mg/kg, 12 mg/kg,
12.1 mg/kg, 12.2 mg/kg, 12.3 mg/kg, 12.4 mg/kg, 12.5 mg/kg, 12.6 mg/kg, 12.7 mg/kg, 12.8
mg/kg, 12.9 mg/kg, 13 mg/kg, 10.5 mg/kg, 11.0 mg/kg, 11.5 mg/kg, 12.0 mg/kg, 12.5 mg/kg,
13.0 mg/kg, 13.5 mg/kg, 14.0 mg/kg, 14.5 mg/kg, 15.0 mg/kg, 15.5 mg/kg, 16.0 mg/kg, 16.5
mg/kg, 17.0 mg/kg, 17.0 mg/kg, 17.5 mg/kg, 18.0 mg/kg, 18.5 mg/kg, 19.0 mg/kg, 19.5 mg/kg,
or 20.0 mg/kg.

[0079] In some embodiments, the subcutaneous telomerase inhibitor composition also
includes one or more pharmaceutically acceptable carriers. Exemplary pharmaceutically
acceptable carriers may include solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, aqueous or non-aqueous carriers, or
combinations thereof. In certain embodiments, compositions may further include one or more
pharmaceutically acceptable excipients as part of a pharmaceutical composition. Excipients may
include, but are not limited to, carbohydrates, inorganic salts, antimicrobial agents, stabilizing
agents, antioxidants, surfactants, amino acids, buffers, acids, bases, and combinations thereof.

For example, excipients suitable for subcutaneously injectable compositions may include one or
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more of water, alcohols, polyols, monosaccharides, polysaccharides, stabilizing agents, buffers,
amino acids, and surfactants. The amount of each pharmaceutically acceptable excipient or
carrier may vary and may range from 1 mM to 1000 mM, such as from 2 mM to 900 mM, such
as from 3 mM to 800 mM, such as from 4 mM to 700 mM, such as from 5 mM to 600 mM, such
as from 6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8 mM to 300 mM, such
as from 9 mM to 200 mM and including from 10 mM to 100 mM.

[0080] In some embodiments, compositions include a buffer. Example buffers that may be
used are acetic acid, citric acid, formic acid, succinic acid, phosphoric acid, carbonic acid, malic
acid, aspartic acid, histidine, boric acid, Tris buffers, HEPPSO and HEPES. In some instances,
the buffers are present in the composition in an amount to maintain the composition at a
predetermined pH. For example, the one or more buffers may be present in the composition to
maintain the composition at a pH of from 3.0 to 9.0, such as a pH of from 3.5 to0 8.5, such as a
pH of from 4.0 to 8.0, such as a pH of from 4.5 to 7.5, such as a pH of from 5.0 to 7.0 and
including a pH of from 5.5 to 7.5. For example, the composition may have a pH of 3.0, pH of
3.1,pHof 3.2, pH of 3.3, pH of 3.4, pH of 3.5, pH of 3.6, pH of 3.7, pH of 3.8, pH of 3.9, pH of
4.0,pHof 4.1, pHof 42, pHof 4.3, pH of 4.4, pH of 4.5, pH of 4.6, pH of 4.7, pH of 4.8, pH of
49, pHof 5.0, pHof 5.1, pHof 5.2, pH of 5.3, pH of 5.4, pH of 5.5, pH of 5.6, pH of 5.7, pH of
5.8, pHof 5.9, pH of 6.0, pH of 6.1, pH of 6.2, pH of 6.3, pH of 6.4, pH of 6.5, pH of 6.6, pH of
6.7, pHof 6.8, pH of 6.9, pHof 7.0, pH of 7.1, pH of 7.2, pH of 7.3, pH of 7.4, pH of 7.5, pH of
7.6, pHof 7.7, pH of 7.8, pH of 7.9, pH of 8.0, pH of 8.1, pH of 8.2, pH of 8.3, pH of 8.4, pH of
8.5, pHof 8.6, pH of 8.7, pH of 8.8, pH of 8.9 or a pH of 9.0. The buffer may be present in the
composition in an amount of from 1 mM to 1000 mM, such as from 2 mM to 900 mM, such as
from 3 mM to 800 mM, such as from 4 mM to 700 mM, such as from 5 mM to 600 mM, such as
from 6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8 mM to 300 mM, such as
from 9 mM to 200 mM and including from 10 mM to 100 mM. For example, the buffer may be
present in the composition at a concentration of about 10 mM, about 20 mM, about 30 mM,
about 40 mM, about 50 mM, about 75mM, 100 mM, about 110 mM, about 120 mM, about 130
mM, about 140 mM, about 150 mM, about 160 mM, about 170 mM, about 180 mM, about 190
mM, about 200 mM, about 210 mM, about 220 mM, about 230 mM, about 240 mM, about 250
mM, about 260 mM, about 270 mM, about 280 mM, about 290 mM, about 300 mM, about 310
mM, about 320 mM, about 330 mM, about 340 mM, about 350 mM, about 360 mM, about 370
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mM, about 380 mM, about 390 mM, about 400 mM, about 410 mM, about 420 mM, about 430
mM, about 440 mM, about 450 mM, about 460 mM, about 470 mM, about 480 mM, about 490
mM or about 500 mM.

[0081] In some embodiments, compositions include a carbohydrate, such as a saccharide.
Example saccharides include monosaccharides, disaccharides, trisaccharides, polysaccharides,
sugar alcohols, reducing sugars, nonreducing sugars such as glucose, sucrose, trehalose, lactose,
fructose, maltose, dextran, glycerin, dextran, erythritol, glycerol, arabitol, sylitol, sorbitol,
mannitol, mellibiose, melezitose, raffinose, mannotriose, stachyose, maltose, lactulose,
maltulose, glucitol, maltitol, lactitol or iso-maltulose. In some instances, compositions include
sucrose. In other instances, compositions include trehalose. The carbohydrate (e.g., saccharide
such as sucrose or trehalose) may be present in the composition in an amount of from 1 mM to
1000 mM, such as from 2 mM to 900 mM, such as from 3 mM to 800 mM, such as from 4 mM
to 700 mM, such as from 5 mM to 600 mM, such as from 6 mM to 500 mM, such as from 7 mM
to 400 mM, such as from 8 mM to 300 mM, such as from 9 mM to 200 mM and including from
10 mM to 100 mM. For example, the carbohydrate (e.g., saccharide such as sucrose or
trehalose) may be present in the composition at a concentration of about 10 mM, about 20 mM,
about 30 mM, about 40 mM, about 50 mM, about 75mM, 100 mM, about 110 mM, about 120
mM, about 130 mM, about 140 mM, about 150 mM, about 160 mM, about 170 mM, about 180
mM, about 190 mM, about 200 mM, about 210 mM, about 220 mM, about 230 mM, about 240
mM, about 250 mM, about 260 mM, about 270 mM, about 280 mM, about 290 mM, about 300
mM, about 310 mM, about 320 mM, about 330 mM, about 340 mM, about 350 mM, about 360
mM, about 370 mM, about 380 mM, about 390 mM, about 400 mM, about 410 mM, about 420
mM, about 430 mM, about 440 mM, about 450 mM, about 460 mM, about 470 mM, about 480
mM, about 490 mM or about 500 mM.

[0082] In some embodiments, compositions include one or more amino acids. Example
amino acids include histidine, isoleucine, methionine, glycine, arginine, lysine, L-leucine, tri-
leucine, alanine, glutamic acid, L-threonine, and 2-phenylamine. In some instances,
compositions include methionine. In other instances, compositions include histidine. The amino
acid (e.g., methionine or histidine) may be present in the composition in an amount of from 0.1
mg/mL to about 5 mg/mL, such as from 0.1 mg/mL to about 2.5 mg/mL, such as from 1 mg/mL
to about 2 mg/mL, such as from 4 mM to 700 mM, such as from 5 mM to 600 mM, such as from
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6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8 mM to 300 mM, such as from
9 mM to 200 mM and including from 10 mM to 100 mM. For example, the amino acid (e.g.,
methionine or histidine) may be present in the composition at a concentration of about 0.5
mg/mL, about 1 mg/mL, about 1.1 mg/mL, about 1.2 mg/mL, about 1.3 mg/mL, about 1.4
mg/mL, about 1.5 mg/mL, about 1.6 mg/mL, about 1/7 mg/mL, about 1.8 mg/mL, about 1.9
mg/mL, about 2.0 mg/mL, about 2.1 mg/mL, about 2.2 mg/mL, about 2.3 mg/mL, about 2.4
mg/mL, about 2.5 mg/mL, about 2.6 mg/mL, about 2.7 mg/mL, about 2.8 mg/mL, about 2.9
mg/mL, about 3 mg/mL, about 3.5 mg/mL, about 4 mg/mL, about 4.5 mg/mL or about 5 mg/mL.
In certain embodiments, compositions include histidine in an amount of about 0.5 mg/mL, about
1 mg/mL, about 1.1 mg/mL, about 1.2 mg/mL, about 1.3 mg/mL, about 1.4 mg/mL, about 1.5
mg/mL, about 1.6 mg/mL, about 1/7 mg/mL, about 1.8 mg/mL, about 1.9 mg/mL, about 2.0
mg/mL, about 2.1 mg/mL, about 2.2 mg/mL, about 2.3 mg/mL, about 2.4 mg/mL, about 2.5
mg/mL, about 2.6 mg/mL, about 2.7 mg/mL, about 2.8 mg/mL, about 2.9 mg/mL, about 3
mg/mL, about 3.5 mg/mL, about 4 mg/mL, about 4.5 mg/mL or about 5 mg/mL. In other
embodiments, compositions include methionine in an amount of about 0.5 mg/mL, about 1
mg/mL, about 1.1 mg/mL, about 1.2 mg/mL, about 1.3 mg/mL, about 1.4 mg/mL, about 1.5
mg/mL, about 1.6 mg/mL, about 1/7 mg/mL, about 1.8 mg/mL, about 1.9 mg/mL, about 2.0
mg/mL, about 2.1 mg/mL, about 2.2 mg/mL, about 2.3 mg/mL, about 2.4 mg/mL, about 2.5
mg/mL, about 2.6 mg/mL, about 2.7 mg/mL, about 2.8 mg/mL, about 2.9 mg/mL, about 3
mg/mL, about 3.5 mg/mL, about 4 mg/mL, about 4.5 mg/mL or about 5 mg/mL.

[0083] In some embodiments, compositions include one or more surfactants. Example
surfactants include polysorbates (e.g., polysorbate-20 or polysorbate-80); polyoxamers (e.g.,
poloxamer 188); Triton; sodium octyl glycoside; lauryl-, myristyl-, linoleyl-, or stearyl-
sulfobetaine; lauryl-, myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-, myristyl-, or cetyl-
betaine; lauroamidopropyl-, cocamidopropyl-, linoleamidopropyl-, myristamidopropyl-,
palmidopropyl-, or isostearamidopropyl-betaine (e.g., lauroamidopropyl); myristamidopropyl-,
palmidopropyl-, or isostearamidopropyl-dimethylamine; sodium methyl cocoyl-, or disodium
methyl oleyl-taurate; and the MONAQUAT™ series (Mona Industries, Inc., Paterson, N.J.),
polyethyl glycol, polypropyl glycol, and copolymers of ethylene and propylene glycol (e.g.,
PLURONICS™, PF68, etc.). In some instances, compositions include a polysorbate surfactant.

The surfactant may be present in the composition in an amount of from 1 mM to 1000 mM, such
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as from 2 mM to 900 mM, such as from 3 mM to 800 mM, such as from 4 mM to 700 mM, such
as from 5 mM to 600 mM, such as from 6 mM to 500 mM, such as from 7 mM to 400 mM, such
as from 8 mM to 300 mM, such as from 9 mM to 200 mM and including from 10 mM to 100
mM. For example, the surfactant may be present in the composition at a concentration of about
10 mM, about 20 mM, about 30 mM, about 40 mM, about 50 mM, about 75mM, 100 mM, about
110 mM, about 120 mM, about 130 mM, about 140 mM, about 150 mM, about 160 mM, about
170 mM, about 180 mM, about 190 mM, about 200 mM, about 210 mM, about 220 mM, about
230 mM, about 240 mM, about 250 mM, about 260 mM, about 270 mM, about 280 mM, about
290 mM, about 300 mM, about 310 mM, about 320 mM, about 330 mM, about 340 mM, about
350 mM, about 360 mM, about 370 mM, about 380 mM, about 390 mM, about 400 mM, about
410 mM, about 420 mM, about 430 mM, about 440 mM, about 450 mM, about 460 mM, about
470 mM, about 480 mM, about 490 mM or about 500 mM.

[0084] Compositions may include one or more pharmaceutically acceptable salts.
Pharmaceutically acceptable salts may be (1) acid addition salts, formed with inorganic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the
like; or formed with organic acids such as acetic acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3 (4
hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2 ethane disulfonic acid, 2 hydroxyethanesulfonic acid, benzenesulfonic
acid, 4 chlorobenzenesulfonic acid, 2 naphthalenesulfonic acid, 4 toluenesulfonic acid,
camphorsulfonic acid, 4 methylbicyclo[2.2.2] oct 2 ene 1 carboxylic acid, glucoheptonic acid, 3
phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic
acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the
like; or (2) salts formed when an acidic proton present in the compound is replaced by a metal
ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an
organic base such as ethanolamine, diethanolamine, triethanolamine, N methylglucamine and the
like. In certain embodiments, compositions include a sodium chloride salt or other
pharmaceutically acceptable salt, such as magnesium sulfate. The pharmaceutically acceptable
salt may be present in the composition in an amount of from 1 mM to 1000 mM, such as from 2

mM to 900 mM, such as from 3 mM to 800 mM, such as from 4 mM to 700 mM, such as from 5
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mM to 600 mM, such as from 6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8
mM to 300 mM, such as from 9 mM to 200 mM and including from 10 mM to 100 mM. For
example, the pharmaceutically acceptable salt may be present in the composition at a
concentration of about 10 mM, about 20 mM, about 30 mM, about 40 mM, about 50 mM, about
75mM, 100 mM, about 110 mM, about 120 mM, about 130 mM, about 140 mM, about 150 mM,
about 160 mM, about 170 mM, about 180 mM, about 190 mM, about 200 mM, about 210 mM,
about 220 mM, about 230 mM, about 240 mM, about 250 mM, about 260 mM, about 270 mM,
about 280 mM, about 290 mM, about 300 mM, about 310 mM, about 320 mM, about 330 mM,
about 340 mM, about 350 mM, about 360 mM, about 370 mM, about 380 mM, about 390 mM,
about 400 mM, about 410 mM, about 420 mM, about 430 mM, about 440 mM, about 450 mM,
about 460 mM, about 470 mM, about 480 mM, about 490 mM or about 500 mM.

[0085] Acids or bases may also be present in the subject compositions. For example, acids
may include but are not limited to hydrochloric acid, acetic acid, phosphoric acid, citric acid,
malic acid, lactic acid, formic acid, trichloroacetic acid, nitric acid, perchloric acid, phosphoric
acid, sulfuric acid, fumaric acid, and any combinations thereof. Examples bases include, but are
not limited to sodium hydroxide, sodium acetate, ammonium hydroxide, potassium hydroxide,
ammonium acetate, potassium acetate, sodium phosphate, potassium phosphate, sodium
carbonate monohydrate, sodium citrate, sodium formate, sodium sulfate, potassium sulfate,
potassium fumarate, and any combinations thereof. The acid or base may be present in the
composition at a concentration of from 1 mM to 1000 mM, such as from 2 mM to 900 mM, such
as from 3 mM to 800 mM, such as from 4 mM to 700 mM, such as from 5 mM to 600 mM, such
as from 6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8 mM to 300 mM, such
as from 9 mM to 200 mM and including from 10 mM to 100 mM. For example, the acid or base
may be present in the composition at a concentration of about 10 mM, about 20 mM, about 30
mM, about 40 mM, about 50 mM, about 75mM, 100 mM, about 110 mM, about 120 mM, about
130 mM, about 140 mM, about 150 mM, about 160 mM, about 170 mM, about 180 mM, about
190 mM, about 200 mM, about 210 mM, about 220 mM, about 230 mM, about 240 mM, about
250 mM, about 260 mM, about 270 mM, about 280 mM, about 290 mM, about 300 mM, about
310 mM, about 320 mM, about 330 mM, about 340 mM, about 350 mM, about 360 mM, about
370 mM, about 380 mM, about 390 mM, about 400 mM, about 410 mM, about 420 mM, about
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430 mM, about 440 mM, about 450 mM, about 460 mM, about 470 mM, about 480 mM, about
490 mM or about 500 mM.

[0086] In some embodiments, compositions include one or more antioxidants. Antioxidants,
which can reduce or prevent oxidation and thus deterioration of the composition, may include,

for example, ascorbyl palmitate, butylated hydroxyanisole, butylated hydroxytoluene,

hypophosphorous acid, methioning, monothioglycerol, propyl gallate, sodium bisulfite, sodium
formaldehyde sulfoxylate, sodium metabisulfite, and any combinations thereof. The antioxidant
may be present in the composition at a concentration of from 1 mM to 1000 mM, such as from 2
mM to 900 mM, such as from 3 mM to 800 mM, such as from 4 mM to 700 mM, such as from 5
mM to 600 mM, such as from 6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8
mM to 300 mM, such as from 9 mM to 200 mM and including from 10 mM to 100 mM. For
example, the antioxidant may be present in the composition at a concentration of about 10 mM,
about 20 mM, about 30 mM, about 40 mM, about 50 mM, about 75mM, 100 mM, about 110
mM, about 120 mM, about 130 mM, about 140 mM, about 150 mM, about 160 mM, about 170
mM, about 180 mM, about 190 mM, about 200 mM, about 210 mM, about 220 mM, about 230
mM, about 240 mM, about 250 mM, about 260 mM, about 270 mM, about 280 mM, about 290
mM, about 300 mM, about 310 mM, about 320 mM, about 330 mM, about 340 mM, about 350
mM, about 360 mM, about 370 mM, about 380 mM, about 390 mM, about 400 mM, about 410
mM, about 420 mM, about 430 mM, about 440 mM, about 450 mM, about 460 mM, about 470
mM, about 480 mM, about 490 mM or about 500 mM.

[0087] In some embodiments, compositions include one or more preservatives.
Preservatives, which can reduce or prevent degradation of the composition, such as by microbial
growth, may include, for example, antioxidants, antimicrobial agents and chelating agents, and
may include methyl, ethyl, propyl and butyl parabens, aryl and alkyl acids, citric acid, sorbic
acid, Na, K & Ca sorbate, benzoic acid, Na, K & Ca benzoate, benzyl alcohol, sodium
metabisulfite, bronopol, propylene glycol (15-30%), BHT (butylatedhydroxytoluene), BHA
(butylatedhydroxyanisole), propyl gallate, EDTA, chlorobutanol, benzaldehyde, phenol, meta
cresol, chloro cresol, benzylkonium chloride, benzethonium chloride, and mercury compounds
such as thiomersal, phenylmercuric nitrate, and any combinations thereof. The preservative may
be present in the composition at a concentration of from 1 mM to 1000 mM, such as from 2 mM

to 900 mM, such as from 3 mM to 800 mM, such as from 4 mM to 700 mM, such as from 5 mM

67



WO 2022/015935 PCT/US2021/041755

to 600 mM, such as from 6 mM to 500 mM, such as from 7 mM to 400 mM, such as from 8 mM
to 300 mM, such as from 9 mM to 200 mM and including from 10 mM to 100 mM. For
example, the preservative may be present in the composition at a concentration of about 10 mM,
about 20 mM, about 30 mM, about 40 mM, about 50 mM, about 75mM, 100 mM, about 110
mM, about 120 mM, about 130 mM, about 140 mM, about 150 mM, about 160 mM, about 170
mM, about 180 mM, about 190 mM, about 200 mM, about 210 mM, about 220 mM, about 230
mM, about 240 mM, about 250 mM, about 260 mM, about 270 mM, about 280 mM, about 290
mM, about 300 mM, about 310 mM, about 320 mM, about 330 mM, about 340 mM, about 350
mM, about 360 mM, about 370 mM, about 380 mM, about 390 mM, about 400 mM, about 410
mM, about 420 mM, about 430 mM, about 440 mM, about 450 mM, about 460 mM, about 470
mM, about 480 mM, about 490 mM or about 500 mM.

[0088] Pharmaceutical excipients along with other excipients that may be employed in the
subject telomerase inhibitor compositions are described in A. Gennaro (2000) “Remington: The
Science and Practice of Pharmacy”, 20th edition, Lippincott, Williams, & Wilkins;
Pharmaceutical Dosage Forms and Drug Delivery Systems (1999) H. C. Ansel et al., eds 7th ed.,
Lippincott, Williams, & Wilkins; and Handbook of Pharmaceutical Excipients (2000) A. H.
Kibbe et al, eds., 3rd ed. Amer. Pharmaceutical Assoc., the disclosure of which is incorporated

herein by reference.

METHODS FOR SUBCUTANEOUSLY ADMINISTERING A TELOMERASE INHIBITOR COMPOSITION
[0089] Aspects of the disclosure also include methods for subcutaneously administering a
telomerase inhibitor composition to a subject. In practicing methods according to certain
embodiments, one or more compositions as described herein having a telomerase inhibitor and a
hyaluronidase enzyme is subcutaneously administered to the subject. In some embodiments, the
composition is administered to the subject by subcutaneous injection or subcutaneous infusion.
In other embodiments, the composition may be administered to the subject from an implanted
device, such as a subcutaneously-implanted catheter. In certain embodiments, the telomerase
inhibitor composition is administered to the subject with a subcutaneous bolus injector
configured to subcutaneously deliver a predetermined amount of the composition to the subject.
[0090] In some embodiments, methods include subcutaneously administering one or more

compositions as described herein having a telomerase inhibitor and a hyaluronidase enzyme to a
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subject to treat a neoplasm. In some embodiments, the neoplasm may be a solid-tumor cancer.
Examples of cancers for treatment according to embodiments of the present disclosure may
include but are not limited to, e.g., Adrenocortical Carcinoma, Anal Cancer, Appendix Cancer,
Astrocytomas, Atypical Teratoid/Rhabdoid Tumor, Basal Cell Carcinoma, Bile Duct Cancer
(Extrahepatic), Bladder Cancer, Bone Cancer (e.g., Ewing Sarcoma, Osteosarcoma and
Malignant Fibrous Histiocytoma, etc.), Brain Stem Glioma, Brain Tumors (e.g., Astrocytomas,
Central Nervous System Embryonal Tumors, Central Nervous System Germ Cell Tumors,
Craniopharyngioma, Ependymoma, etc.), Breast Cancer (e.g., female breast cancer, male breast
cancer, childhood breast cancer, etc.), Bronchial Tumors, Carcinoid Tumor (e.g., Childhood,
Gastrointestinal, etc.), Carcinoma of Unknown Primary, Cardiac (Heart) Tumors, Cervical
Cancer, Colon Cancer, Colorectal Cancer, Craniopharyngioma, Duct (e.g., Bile Duct,
Extrahepatic, etc.), Ductal Carcinoma In Situ (DCIS), Embryonal Tumors, Endometrial Cancer,
Ependymoma, Esophageal Cancer, Esthesioneuroblastoma, Ewing Sarcoma, Extracranial Germ
Cell Tumor, Extragonadal Germ Cell Tumor, Extrahepatic Bile Duct Cancer, Eye Cancer (e.g,,
Intraocular Melanoma, Retinoblastoma, etc.), Fibrous Histiocytoma of Bone (e.g., Malignant,
Osteosarcoma, etc.), Gallbladder Cancer, Gastric (Stomach) Cancer, Gastrointestinal Carcinoid
Tumor, Gastrointestinal Stromal Tumors (GIST), Germ Cell Tumor (e.g., Extracranial,
Extragonadal, Ovarian, Testicular, etc.), Gestational Trophoblastic Disease, Glioma, Hairy Cell
Leukemia, Head and Neck Cancer, Heart Cancer, Hepatocellular (Liver) Cancer, Histiocytosis
(e.g., Langerhans Cell, etc.), Hypopharyngeal Cancer, Intraocular Melanoma, Islet Cell Tumors
(e.g., Pancreatic Neuroendocrine Tumors, etc.), Kidney Cancer (e.g., Renal Cell, Wilms Tumor,
Childhood Kidney Tumors, etc.), Langerhans Cell Histiocytosis, Laryngeal Cancer, Lip and Oral
Cavity Cancer, Liver Cancer (Primary), Lobular Carcinoma In Situ (LCIS), Lung Cancer (e.g.,
Non-Small Cell, Small Cell, etc.), Malignant Fibrous Histiocytoma of Bone and Osteosarcoma,
Melanoma, Merkel Cell Carcinoma, Mesothelioma, Metastatic Squamous Neck Cancer with
Occult Primary, Mouth Cancer, Multiple Endocrine Neoplasia Syndromes, Nasal Cavity and
Paranasal Sinus Cancer, Nasopharyngeal Cancer, Neuroblastoma, Non-Small Cell Lung Cancer,
Oral Cancer, Oral Cavity Cancer (e.g., Lip, etc.), Oropharyngeal Cancer, Osteosarcoma and
Malignant Fibrous Histiocytoma of Bone, Ovarian Cancer (e.g., Epithelial, Germ Cell Tumor,
Low Malignant Potential Tumor, etc.), Pancreatic Cancer, Pancreatic Neuroendocrine Tumors

(Islet Cell Tumors), Papillomatosis, Paraganglioma, Paranasal Sinus and Nasal Cavity Cancer,
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Parathyroid Cancer, Penile Cancer, Pharyngeal Cancer, Pheochromocytoma, Pituitary Tumor,
Pleuropulmonary Blastoma, Prostate Cancer, Rectal Cancer, Renal Cell (Kidney) Cancer, Renal
Pelvis and Ureter, Transitional Cell Cancer, Retinoblastoma, Rhabdomyosarcoma, Salivary
Gland Cancer, Sézary Syndrome, Skin Cancer (e.g., Childhood, Melanoma, Merkel Cell
Carcinoma, Nonmelanoma, etc.), Small Cell Lung Cancer, Small Intestine Cancer, Soft Tissue
Sarcoma, Squamous Cell Carcinoma, Squamous Neck Cancer (e.g., with Occult Primary,
Metastatic, etc.), Stomach (Gastric) Cancer, Testicular Cancer, Throat Cancer, Thymoma and
Thymic Carcinoma, Thyroid Cancer, Transitional Cell Cancer of the Renal Pelvis and Ureter,
Ureter and Renal Pelvis Cancer, Urethral Cancer, Uterine Cancer (e.g., Endometrial, etc.),
Uterine Sarcoma, Vaginal Cancer, Vulvar Cancer, Waldenstrom Macroglobulinemia, Wilms
Tumor, and the like. In certain embodiments, methods include treating a subject having a
neoplasm as described in U.S. Patent No 7,494,982.

[0091] In some embodiments, methods include subcutaneously administering one or more
compositions as described herein having a telomerase inhibitor and a hyaluronidase enzyme to a
subject to treat a hematological neoplasm. In some instances, treating a hematological neoplasm
includes inducing apoptosis of a hematological neoplasm cell, such as inducing apoptosis of a
hematological neoplasm cell in vitro. In other instances, treating a hematological neoplasm
includes inducing apoptosis of a hematological neoplasm cell in a subject. In some
embodiments, the hematological neoplasm cell is a malignant hematopoietic stem cell (HSC). In
other embodiments, the hematological neoplasm cell is a malignant hematopoietic progenitor cell
(HPC).

[0092] In some embodiments, methods include subcutaneously administering one or more
compositions as described herein having a telomerase inhibitor and a hyaluronidase enzyme to a
subject to treat a myeloproliferative neoplasm. In some instances, treating a myeloproliferative
neoplasm includes inducing apoptosis of a myeloproliferative neoplasm cell, such as inducing
apoptosis of a myeloproliferative neoplasm cell in vitro. In other instances, treating a
myeloproliferative neoplasm includes inducing apoptosis of a myeloproliferative neoplasm cell
in a subject. In some embodiments, the myeloproliferative neoplasm cell is a malignant
hematopoietic stem cell (HSC). In other embodiments, the myeloproliferative neoplasm cell is a
malignant hematopoietic progenitor cell (HPC). Myeloproliferative neoplasms treated according

to the subject methods may include, for example myelofibrosis (MF), such as primary
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myelofibrosis, or myelofibrosis following previous ET or PV (post-ETMF or post-PVMF) . In
other embodiments, the myeloproliferative neoplasm includes Essential Thrombocythemia (ET),
Polycythemia vera (PV), Chronic Myelogenous Leukemia (CML), chronic neutrophilic leukemia,
chronic eosinophilic leukemia and acute myelogenous leukemia (AML).

[0093] In other embodiments, the hematologic neoplasm is myelodysplastic syndromes
(MDS). In still other embodiments, the hematologic neoplasm is myelodysplastic syndromes
(MDS) with isolated non-del (5q). Myelodysplastic syndromes (MDS) include diseases such as,
refractory anemia, refractory anemia with excess blasts, refractory cytopenia with multilineage
dysplasia, refractory cytopenia with unilineage dysplasia, and chronic myelomonocytic leukemia
(CMML). In still other embodiments, the hematological neoplasm is a lymphoid neoplasm.
[0094] Methods according to certain embodiments also include diagnosing a neoplasm. In
some embodiments, methods include diagnosing a subject as having a solid tumor. In some
embodiments, methods include diagnosing a subject as having a hematological neoplasm. In
some embodiments, methods include diagnosing a subject as having a myeloproliferative
neoplasm. In one example, methods include diagnosing the subject has having myelofibrosis,
such as primary myelofibrosis. In some embodiments, the subject has not previously been
administered a telomerase inhibitor (e.g., is telomerase inhibitor naive). In some embodiments,
the subject is a subject with lower risk transfusion dependent MDS who is relapsed or refractory
to an erythropoietin stimulating agent (ESA). In some embodiments, the subject has not received
prior treatment with a hypomethylating agent (HMA). In some embodiments, the subject has not
received prior treatment with lenalidomide. In some embodiments, the subject is a subject who
is non-del(5q). In some embodiments, the subject is a subject who is relapsed or refractory to a
Janus kinase (JAK) inhibitor. In some embodiments, the subject methods include treating a
subject having a myeloproliferative neoplasm, such as described in U.S. Patent No. 9,375,485
and International Patent Publication Nos. WO 2019/023667 and WO 2020/028261, the
disclosures of which are incorporated herein by reference.

[0095] In some embodiments the lymphoid neoplasm (e.g., lymphoma) is a B-cell neoplasm.
Examples of B-cell neoplasms include, but are not limited to, precursor B-cell neoplasms (e.g.,
precursor B-lymphoblastic leukemia/lymphoma) and peripheral B-cell neoplasms (e.g., B-cell
chronic lymphocytic leukemia, prolymphocytic leukemia, small lymphocytic lymphoma (small

lymphocytic (SL) NHL), lymphoplasmacytoid lymphoma/immunocytoma, mantel cell
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lymphoma, follicle center lymphoma, follicular lymphoma (e.g., cytologic grades: I (small cell),
II (mixed small and large cell), III (large cell) and/or subtype: diffuse and predominantly small
cell type), non-Hodgkin’s lymphoma (NHL), low grade/follicular non-Hodgkin’s lymphoma
(NHL), intermediate grade/follicular NHL, marginal zone B-cell lymphoma (e.g., extranodal
(e.g., MALT-type +/- monocytoid B cells) and/or Nodal (e.g., +/- monocytoid B cells)), splenic
marginal zone lymphoma (e.g., +/- villous lymphocytes), Hairy cell leukemia,
plasmacytoma/plasma cell myeloma (e.g., myeloma and multiple myeloma), diffuse large B-cell
lymphoma (e.g., primary mediastinal (thymic) B-cell lymphoma), intermediate grade diffuse
NHL, Burkitt’s lymphoma, High-grade B-cell lymphoma, Burkitt-like, high grade
immunoblastic NHL, high grade lymphoblastic NHL, high grade small non-cleaved cell NHL,
bulky disease NHL, AIDS-related lymphoma, and Waldenstrom’s macroglobulinemia).

[0096] In some embodiments the lymphoid neoplasm (e.g., lymphoma) is a T-cell and/or
putative NK-cell neoplasm. Examples of T-cell and/or putative NK-cell neoplasms include, but
are not limited to, precursor T-cell neoplasm (precursor T-lymphoblastic lymphoma/leukemia)
and peripheral T-cell and NK-cell neoplasms (e.g., T-cell chronic lymphocytic
leukemia/prolymphocytic leukemia, and large granular lymphocyte leukemia (LGL) (e.g., T-cell
type and/or NK-cell type), cutaneous T-cell lymphoma (e.g., mycosis fungoides/Sezary
syndrome), primary T-cell lymphomas unspecified (e.g., cytological categories (e.g., medium-
sized cell, mixed medium and large cell), large cell, lymphoepitheloid cell, subtype
hepatosplenic y8 T-cell lymphoma, and subcutaneous panniculitic T-cell lymphoma),
angioimmunoblastic T-cell lymphoma (AILD), angiocentric lymphoma, intestinal T-cell
lymphoma (e.g., +/- enteropathy associated), adult T-cell lymphoma/leukemia (ATL), anaplastic
large cell lymphoma (ALCL) (e.g., CD30+, T- and null-cell types), anaplastic large-cell
lymphoma, and Hodgkin’s lymphoma).

[0097] In some embodiments the lymphoid neoplasm (e.g., lymphoma) is Hodgkin’s disease.
For example, the Hodgkin’s disease can be lymphocyte predominance, nodular sclerosis, mixed
cellularity, lymphocyte depletion, and/or lymphocyte-rich.

[0098] In some embodiments, the cancer is leukemia. In some embodiments, the leukemia is
chronic leukemia. Examples of chronic leukemia include, but are not limited to, chronic
myelocytic I (granulocytic) leukemia, chronic myelogenous, and chronic lymphocytic leukemia

(CLL). In some embodiments, the leukemia is acute leukemia. Examples of acute leukemia
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include, but are not limited to, acute lymphoblastic leukemia (ALL), acute myeloid leukemia,
acute lymphocytic leukemia, and acute myelocytic leukemia (e.g., myeloblastic, promyelocytic,
myelomonocytic, monocytic, and erythroleukemia).

[0099] In some embodiments, the cancer is liquid tumor or plasmacytoma. Plasmacytoma
includes, but is not limited to, myeloma. Myeloma includes, but is not limited to, an
extramedullary plasmacytoma, a solitary myeloma, and multiple myeloma. In some
embodiments, the plasmacytoma is multiple myeloma.

[00100] In some embodiments, the cancer is multiple myeloma. Examples of multiple
myeloma include, but are not limited to, IgG multiple myeloma, IgA multiple myeloma, IgD
multiple myeloma, IgE multiple myeloma, and nonsecretory multiple myeloma. In some
embodiments, the multiple myeloma is IgG multiple myeloma. In some embodiments, the
multiple myeloma is IgA multiple myeloma. In some embodiments, the multiple myeloma is a
smoldering or indolent multiple myeloma. In some embodiments, the multiple myeloma is
progressive multiple myeloma. In some embodiments, multiple myeloma may be resistant to a
drug, such as, but not limited to, bortezomib, dexamethasone (Dex-), doxorubicin (Dox-), and
melphalan (LR).

[00101] In describing methods of the present invention, the term “subject” is meant the person
or organism to which the telomerase inhibitor composition is subcutaneously administered. As
such, subjects of the invention may include but are not limited to mammals, e.g., humans and
other primates, such as chimpanzees and other apes and monkey species; and the like, where in
certain embodiments the subject are humans. The subject may be one that has been diagnosed as
having a myeloproliferative neoplasm, where the subject may have been one that has been
diagnosed by a health care professional as having the condition.

[00102] The dosage of telomerase inhibitor, such as imetelstat or imetelstat sodium that is
subcutaneously administered to the subject may vary, ranging from about 2.0 mg/kg to 20.0
mg/kg, such as from about 3.0 mg/kg to about 15.0 mg/kg such as from about 4.0 mg/kg to about
10 mg/kg , such as from about 6 mg/kg to about 14 mg/kg, such as from about 7 mg/kg to about
13 mg/kg, such as from about 8 mg/kg to about 12 mg/kg, such as from about 7.5 mg/kg to 9.4
mg/kg and including from about 9 mg/kg to about 11 mg/kg and including from about 11 mg/kg
to about 14 mg/kg. In some embodiments, the dosage of telomerase inhibitor administered to the

subject is from about 7.5 mg/kg to about 9.4 mg/kg. In some embodiments, the dosage of
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telomerase inhibitor administered to the subject is from about 9 mg/kg to about 11 mg/kg. In
some embodiments, the dosage of telomerase inhibitor administered to the subject is from about
11 mg/kg to about 14 mg/kg. For example, the dosage of telomerase inhibitor may be 4.0
mg/kg, 4.1 mg/kg, 4.2 mg/kg, 4.3 mg/kg, 4.4 mg/kg, 4.5 mg/kg, 4.6 mg/kg, 4.7 mg/kg, 4.8
mg/kg, 4.9 mg/kg, 5.0 mg/kg, 5.1 mg/kg, 5.2 mg/kg, 5.3 mg/kg, 5.4 mg/kg, 5.5 mg/kg, 5.6
mg/kg, 5.7 mg/kg, 5.8 mg/kg, 5.9 mg/kg, 6.0 mg/kg, 6.1 mg/kg, 6.2 mg/kg, 6.3 mg/kg, 6.4
mg/kg, 6.5 mg/kg, 6.6 mg/kg, 6.7 mg/kg, 6.8 mg/kg, 6.9 mg/kg, 7 mg/kg, 7.1 mg/kg, 7.2 mg/kg,
7.3 mg/kg, 7.4 mg/kg, 7.5 mg/kg, 7.6 mg/kg, 7.7 mg/kg, 7.8 mg/kg, 7.9 mg/kg, 8 mg/kg, 8.1
mg/kg, 8.2 mg/kg, 8.3 mg/kg, 8.4 mg/kg, 8.5 mg/kg, 8.6 mg/kg, 8.7 mg/kg, 8.8 mg/kg, 8.9
mg/kg, 9 mg/kg, 9.1 mg/kg, 9.2 mg/kg, 9.3 mg/kg, 9.4 mg/kg, 9.5 mg/kg, 9.6 mg/kg, 9.7 mg/kg,
9.8 mg/kg, 9.9 mg/kg, 10 mg/kg, 10.1 mg/kg, 10.2 mg/kg, 10.3 mg/kg, 10.4 mg/kg, 10.5 mg/kg,
10.6 mg/kg, 10.7 mg/kg, 10.8 mg/kg, 10.9 mg/kg, 11 mg/kg, 11.1 mg/kg, 11.2 mg/kg, 11.3
mg/kg, 11.4 mg/kg, 11.5 mg/kg, 11.6 mg/kg, 11.7 mg/kg, 11.8 mg/kg, 11.9 mg/kg, 12 mg/kg,
12.1 mg/kg, 12.2 mg/kg, 12.3 mg/kg, 12.4 mg/kg, 12.5 mg/kg, 12.6 mg/kg, 12.7 mg/kg, 12.8
mg/kg, 12.9 mg/kg, 13 mg/kg, 13.5 mg/kg, 14.0 mg/kg, 14.5 mg/kg, 15.0 mg/kg, 15.5 mg/kg,
16.0 mg/kg, 16.5 mg/kg, 17.0 mg/kg, 17.0 mg/kg, 17.5 mg/kg, 18.0 mg/kg, 18.5 mg/kg, 19.0
mg/kg, 19.5 mg/kg, or 20.0 mg/kg. In certain embodiments, the dosage of telomerase inhibitor
administered to the subject is about 9.4 mg/kg.

[00103] The dosage of the telomerase inhibitor, such as imetelstat or imetelstat sodium, may
be administered to the subject in a cycle of once every other day, once every week, once every
two weeks (14 days), once every three weeks (21 days) or once every four weeks (28 days), once
every 6 weeks, once every 8 weeks, once every 10 weeks, once every 12 weeks. In certain
embodiments of the method, imetelstat is administered for 1, 2, 3, 4, 5, 6, 7, 8 or more than 8
dosage cycles, each cycle comprising: subcutaneous administration of about 2-11 mg/kg
imetelstat once every three weeks, subcutaneous administration of about 2-11 mg/kg imetelstat
once every four weeks, subcutaneous administration of about 2-11 mg/kg imetelstat once every
two weeks, or subcutaneous administration of about 7.5-9.4 mg/kg imetelstat once every three
weeks. In certain instance, each dosage cycle comprises subcutaneous administration of about
7.5-9.4 mg/kg imetelstat once every four weeks. In some cases, each dosage cycle comprises
subcutaneous administration of about 9.4 mg/kg imetelstat about once every three weeks. In

some cases, each dosage cycle comprises subcutaneous administration of about 7.5 mg/kg
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imetelstat about once every four weeks. In certain embodiments of the method, imetelstat is
administered for 1, 2, 3, 4, 5, 6, 7, 8 or more than 8 dosage cycles, each cycle comprising:
subcutaneous administration of about 5-14 mg/kg imetelstat once every three weeks,
subcutaneous administration of about 5-14 mg/kg imetelstat once every four weeks,
subcutaneous administration of about 5-14 mg/kg imetelstat once every two weeks, or
subcutaneous administration of about 7.5-14 mg/kg imetelstat once every three weeks. In certain
instances, each dosage cycle comprises subcutaneous administration of about 7.5-14 mg/kg
imetelstat once every four weeks. In some cases, each dosage cycle comprises subcutaneous
administration of about 14 mg/kg imetelstat about once every three weeks. In some cases, each
dosage cycle comprises subcutaneous administration of about 12 mg/kg imetelstat about once
every four weeks.

[00104] In some embodiments, the amount of telomerase inhibitor, such as imetelstat or
imetelstat sodium, administered to the individual is from about 0.5 to about 5 mg, about 5 to
about 10 mg, about 10 to about 15 mg, about 15 to about 20 mg, about 20 to about 25 mg, 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, about 200 to about 225 mg, about 225 to about 250
mg, about 250 to about 300 mg, about 300 to about 350 mg, about 350 to about 400 mg, about
400 to about 450 mg, or about 450 to about 500 mg, about 500 mg to about 600 mg, about 600
mg to about 700 mg, about 700 mg to about 800 mg, about 800 mg to about 900 mg, about 900
mg to about 1000 mg, about 1100 mg to about 1200 mg, about 1200 mg to about 1300 mg, about
1300 mg to about 1400 mg, about 1400 mg to about 1500 mg, about 1500 mg to about 1600 mg,
about 1600 mg to about 1700 mg, about 1700 mg to about 1800 mg, about 1800 mg to about
1900 mg, about 1900 mg to about 2000 mg, about 2000 mg to about 2100 mg, about 2100 mg to
about 2200 mg, about 2200 mg to about 2300 mg, about 2300 mg to about 2400 mg, about 2400
mg to about 2500 mg.

[00105] In some embodiments, the amount of a telomerase inhibitor in the effective amount
administered to the individual (e.g., a unit dosage form) is in the range of from about 5 mg to
about 1000 mg, 5 mg to about 500 mg such as about 30 mg to about 300 mg or about 50 mg to
about 200 mg. In some embodiments, the amount of a telomerase inhibitor is in a unit dosage

form having an amount in the range of from about 500 mg to about 3000 mg, 750 mg to about
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2500 mg, such as about 1000 mg to about 2000 mg or about 50 mg to about 200 mg. The unit
dosage form may be liquid or lyophilized. . In certain embodiments of the method, imetelstat is
administered for 1, 2, 3, 4, 5, 6, 7, 8 or more than 8 dosage cycles, each cycle comprising:
subcutaneous administration of about 200 - 3000 mg imetelstat once every three weeks,
subcutaneous administration of about 200 - 3000 mg imetelstat once every four weeks,
subcutaneous administration of about 750 - 2500 mg imetelstat once every three weeks, or
subcutaneous administration of about 750 - 2500 mg imetelstat once every four weeks.

[00106] In some embodiments, the concentration of the telomerase inhibitor administered to
the individual is dilute (about 0.1 mg/ml), or concentrated (about 300 mg/ml), including for
example any of about 0.1 to about 300 mg/ml, about 0.1 to about 200 mg/ml, about 0.1 to about
180 mg/ml, about 0.1 to about 160 mg/ml, about 0.1 to about 140 mg/ml, about 0.1 to about 120
mg/ml, about 0.1 to about 100 mg/ml, about 0.1 to about 80 mg/ml, about 0.1 to about 60 mg/ml,
about 0.1 to about 40 mg/ml, about 0.1 to about 20 mg/ml, about 0.1 to about 10 mg/ml about 2
to about 40 mg/ml, about 4 to about 35 mg/ml, about 6 to about 30 mg/ml, about 8 to about 25
mg/ml, about 10 to about 20 mg/ml, about 12 to about 15 mg/ml, or any of about 0.1 mg/ml, 0.2
mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1
mg/ml, 1.1 mg/ml, 1.2 mg/ml, 1.3 mg/ml, 1.4 mg/ml, 1.5 mg/ml, 1.6 mg/ml, 1.7 mg/ml, 1.8
mg/ml, 1.9 mg/ml, 2 mg/ml, 2.1 mg/ml, 2.2 mg/ml, 2.3 mg/ml, 2.4 mg/ml, or 2.5 mg/ml. In some
embodiments, the concentration of the telomerase inhibitor is at least about any of 0.1 mg/ml, 0.2
mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 1.3 mg/ml, 1.5 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5
mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, 11 mg/ml, 12 mg/ml, 13 mg/ml, 14
mg/ml, 15 mg/ml, 16 mg/ml, 17 mg/ml, 18 mg/ml, 19 mg/ml, 20 mg/ml, 21 mg/ml, 22 mg/ml,
23 mg/ml, 24 mg/ml, 25 mg/ml, 26 mg/ml, 27 mg/ml, 28 mg/ml, 29 mg/ml, 30 mg/ml, 31
mg/ml, 32 mg/ml, 33 mg/ml, 33.3 mg/ml, 34 mg/ml, 35 mg/ml, 36 mg/ml, 37 mg/ml, 38 mg/ml,
39 mg/ml, 40 mg/ml, 50 mg/ml, 60 mg/ml, 70 mg/ml, 80 mg/ml, 90 mg/ml, 100 mg/ml, 110
mg/ml, 120 mg/ml, 130 mg/ml, 140 mg/ml, 150 mg/ml, 160 mg/ml, 170 mg/ml, 180 mg/ml, 190
mg/ml, 200 mg/ml, 210 mg/ml, 220 mg/ml, 230 mg/ml, 240 mg/ml, 250 mg/ml, 260 mg/ml, 270
mg/ml, 280 mg/ml, 290 mg/ml, or 300 mg/ml.

[00107] In embodiments, each dosage of telomerase inhibitor composition is subcutaneously
administered to the subject once every 7 days or more, such as once every 10 days or more, such

as once every 14 days or more, such as once every 21 days or more, such as once every 28 days
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or more and including once every 35 days or more. In some embodiments, the telomerase
inhibitor composition is subcutaneously administered to the subject once every other day. In
some embodiments, the telomerase inhibitor composition is subcutaneously administered to the
subject once every week. In some embodiments, the telomerase inhibitor composition is
subcutaneously administered to the subject once every two weeks. In other embodiments, the
telomerase inhibitor composition is subcutaneously administered to the subject once every three
weeks. In yet other embodiments, the telomerase inhibitor composition is subcutaneously

administered once every 4 weeks.

KiITS

[00108] Also provided are kits, where kits at least include one or more, e.g., a plurality of, the
subject subcutaneous telomerase inhibitor compositions, as described above. In certain
embodiments, the subject subcutaneous telomerase inhibitor compositions in the kits may be
provided in a package. For example, each composition of the kits may be presented in individual
pouches, bottles, or analogous containers, to preserve the compositions until use. Kits may
further include other components for practicing the subject methods, such as administration
devices or fluids to rinse the skin before administering one or more of the subject compositions.
In certain embodiments, kits include a subcutaneous injector configured to deliver a
therapeutically effective amount of the composition to the subject. In some instances, the
injector includes a syringe and needle. In other embodiments, the injector is a bolus injector
configured to subcutaneously deliver a predetermined amount of the composition. In certain
embodiments, the telomerase inhibitor composition is preloaded into the subcutaneous injector.
Kits may also include gauze pads or other devices for cleaning the injection site which may find
use in practicing the subject methods. In some embodiments, the telomerase inhibitor
composition is formulated as a solid or lyophilate and kits may further include one or more
buffer compositions or solvents for reconstituting the subject compositions for subcutaneous
injection.

[00109] In addition, kits may also include instructions for how to use the subject telomerase
inhibitor compositions, where the instructions may include information about to how administer
the composition, dosing schedules, and record keeping devices for executing a treatment

regimen. The instructions are recorded on a suitable recording medium. For example, the
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instructions may be printed on a substrate, such as paper or plastic, etc. As such, the instructions
may be present in the kits as a package insert, in the labeling of the container of the kit or
components thereof (i.e. associated with the packaging or subpackaging) etc. In other
embodiments, the instructions are present as an electronic storage data file present on a suitable
computer readable storage medium, e.g. CD-ROM, diskette, etc. In yet other embodiments, the
actual instructions are not present in the kit, but means for obtaining the instructions from a
remote source, e.g. via the internet, are provided. An example of this embodiment is a kit that
includes a web address where the instructions can be viewed and/or from which the instructions
can be downloaded. As with the instructions, the protocol for obtaining the instructions may be

recorded on a suitable substrate.

EXAMPLES
[00110] The following example is put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the present invention, and are
not intended to limit the scope of what the inventors regard as their invention nor are they
intended to represent that the experiments below are all or the only experiments performed.
Efforts have been made to ensure accuracy with respect to numbers used (e.g. amounts,
temperature, etc.) but some experimental errors and deviations should be accounted for. Unless
indicated otherwise, parts are parts by weight, molecular weight is weight average molecular
weight, temperature is in degrees Celsius, and pressure is at or near atmospheric. By “average”
is meant the arithmetic mean. Standard abbreviations may be used, e.g., bp, base pair(s); kb,
kilobase(s); pl, picoliter(s); s or sec, second(s); min, minute(s); h or hr, hour(s); aa, amino
acid(s); kb, kilobase(s); bp, base pair(s); nt, nucleotide(s); i.m., intramuscular(ly); i.p.,

intraperitoneal(ly); s.c., subcutaneous(ly); and the like.

Example 1 — Bioavailability Studies of Imetelstat Sodium in Rats via Subcutaneous and

Intravenous Routes

Materials and Methods

[00111] 4 male, Sprague-Dawley rats (approximately 250g — 260g) were dosed
intravenously (IV volume 37.5 uL; 30 mg/kg) and 4 male, Sprague-Dawley rats (approximately
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250g — 260g) were dosed subcutaneously (SC volume 113 pL; 90 mg/kg) with imetelstat
sodium. Imetelstat sodium is a 5' palmitoylated 13-mer thiophosphoramidate oligonucleotide
composed of the sequence 5'-TAGGGTTAGACAA-3'. Imetelstat sodium was dissolved in
water immediately before dosing.

[00112] Blood was collected from each of the rats at time points of 0.083 hours (~5
minutes), 0.25 hours (15 minutes), 1 hour, 2 hours, 4 hours, 8 hours and at 24 hours. A volume
of 1.5 mL — 2.0 mL of whole blood was collected, yielding about 700 uL to 1000 pL of plasma.
Blood was collected through a secondary catheter in IV dosed rats (different from the one used
for IV dosing).

[00113] Blood samples were collected in EDTA tubes and centrifuged immediately after
collection. Collected plasma samples were transferred to a separate vial. Plasma concentration

of imetelstat sodium was analyzed by LC/MS/MS.

Results

[00114] The plasma concentrations of imetelstat sodium that were analyzed over a 24 hour
period are depicted in Figure 1. The plasma concentrations of imetelstat sodium were analyzed
by a noncompartmental PK analysis. The subcutaneous (s.c.) bioavailability was calculated
based on the following equation: F = (AUC(s.c.)/Dose(s.c.))/(AUC(1.v.)/Dose(i.v.))x100%. The
calculated subcutaneous bioavailability of imetelstat is about 95.8%. In a repeated experiment,

the calculated subcutaneous bioavailability of imetelstat in rats was about 81.5%.

Conclusions

[00115] The results shown in Figure 1 demonstrate that imetelstat sodium was absorbed into
systemic circulation after subcutaneous route of administration and showed bioavailability of
approximately 80-95% compared to IV administration, supporting the use of imetelstat

compositions for subcutaneous administration.
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Example 2 — Compatibility and Stability of Imetelstat Sodium incubated with

Hyaluronidase

Abbreviations Definition
DS Drug Substance
EDP Enhanze (rHuPH20) Drug Product
NA Not Applicable
RH Relative Humidity
RRT Relative Retention Time
RT Reporting Threshold

Pre-Study:

Demonstration of Compatibility of Imetelstat Co-Formulated with rHuPH20

[00116] Data generated from initial feasibility testing performed as a pre-study to the following

main compatibility and stability study demonstrated that results for the co-formulations of

imetelstat + rHuPH20 represented by Formulations D, F and G (as defined below) prepared for

this pre-study were similar to the results for the imetelstat drug substance lot without rHuPH20

used to prepare the co-formulations, providing support for compatibility of imetelstat co-

formulated with tHuPH20 (see Tables below).

[00117] The following formulations were prepared
[00118]
Reconstituted
Formulation Matrix Imetelstat rHuPH20 (U/mL)
(mg/mL)
D 0.9% Sodium Chloride 33 2,000
F 0.9% Sodium Chloride 100 2,000
G EDP Buffer 33 2,000
Imetelstat + rHuPH20 Co-Formulations
Test Imetelstat Only!

Formulation D

Formulation F

Formulation G

Appearance of

Clear solution, free of visible

Clear Solution, free

Clear Solution, free

Clear Solution, free

Reconstituted Solution contaminants of VIS ble of VISt ble of VISt ble
contaminants contaminants contaminants
Assay by UV (pg/mg) 1033 1028 961 1040
Water Content 4.2% 4.02713% 4.02713% 4.02713%
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Imetelstat + rHuPH20 Co-Formulations
Test Imetelstat Only*
Formulation D Formulation F Formulation G
pH (4mL, Glass) 7.6 7.5 7.2
pH (1mL, Plastic) 8.0 7.6 7.5 72

"Data reflect most current stability data available for the lot of imetelstat drug substance used to
prepare the imetelstat + rHuPH20 co-formulations.

Test Imetelstat Only" Imetelstat + rHuPH20 Co-Formulations
Y Formulation D Formulation F Formulation G

Purity by RP-HPLC/UV 93.1% 93.0 % 93.0 % 93.0 %
Individual Impurities by RP-HPLC/UV:

RRT % Area RRT % Area RRT % Area RRT % Area
Unlipidated species 0.42 0.26% 0.42 0.23% 0.42 0.24% 0.42 0.25%
IPre-Peak 0.98 0.35% 0.98 0.43% 0.98 0.44% 0.98 0.45%
[Post-Peak 1 1.04 5.04% 1.04 4.89% 1.04 4.89% 1.04 4.87%
IPost-Peak 2 1.08 0.53% 1.08 0.51% 1.08 0.51% 1.08 0.51%
Post-Pecak 3 1.12 <0.2% 1.09 0.11% 1.09 0.11% 1.09 0.11%
lﬁg);ﬂ; 1(;111;21 ” ND ND 0.94 0.16% 0.94 0.16% 0.94 0.16%
EI‘I’)‘I?CI[I[“J%““““ by RP- 6.9% 7.0% 7.0 % 7.0 %

Data reflect most current stability data available for the lot of imetelstat drug substance used to
prepare the imetelstat + rHuPH20 co-formulations.

Main Study:

Objective
[00119] The objective of this study is to demonstrate the compatibility and stability of

rHuPH20 co-formulated with imetelstat sodium under various storage conditions.

Materials

Imetelstat Sodium

rHuPH20 Enhanze Drug Product (EDP): 1 mg/mL, 110,000 U/mL, 5 °C Storage
0.9% Sodium Chloride

L-Histidine (=99% (TLC))

L-Methionine (reagent grade, >98% (HPLC))

Polysorbate 80

NaCl (ACS grade)
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e concentrated Hydrochloric acid (ACS reagent, 37%)
e water
e nylon 47mm filter membranes 0.2 pm
Sample Formulations
Reconstituted
Formulation Matrix Imetelstat rHuPH20 (U/mL)
(mg/mL)
A (Imetelstat Control) 0.9% Sodium Chloride 33 0
B (rHuPH20 Saline 0.9% Sodium Chloride 0 2,000
Control)
C (Imetelstat EDP buffer EDP Buffer 33 0
Control)
D 0.9% Sodium Chloride 33 2,000
E 0.9% Sodium Chloride 33 1,000
F 0.9% Sodium Chloride 100 2,000
G EDP Buffer 33 2,000
Sample Preparation
Reconstituted :]I-(;:anll-fz(())f(mL) Volume of Volume of
Formulation Matrix Imetelstat Imetelstat Imetelstat
(mg/mL) added fromal | ) Matrix (mL)
mg/mL stock a
0.9%
éo(lllirr‘glt)elsm Sodium 33 0.0 150 0
Chloride
0.9%
];aﬁiugﬁol) Sodium 0 2.7 0 1473
Chloride
C (Imetelstat
EDPbuffer | LOF 33 0.0 150 0
Buffer
Control)
0.9%
D Sodium 33 2,7 1473 0
Chloride
0.9%
E Sodium 33 1.4 148.6 0
Chloride
0.9%
F Sodium 100 2.7 1473 0
Chloride
EDP
G Buffor 33 2.7 147.3 0
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Preparation of rHuPH20 Enhanze Drug Product (EDP) Buffer

[00120]  Approximately 450 mL water is added into 500 mL volumetric flask. About 776 mg
(+ 15 mg) L-histidine, about 3.80 g NaCl (+ 75 mg), and about 746 mg (+ 15 mg) L-methionine
is added into the volumetric flask. The components are dissolved completely using a stir bar.
Visual inspection is used to verify that the components are dissolved.

[00121] To the solution, 1 mL of the 10.0% polysorbate 80 composition is added to the
volumetric flask. The composition is mixed with a stir bar. The pH is adjusted using
concentrated HCl to a final pH of 6.5+ 0.3. QS to final volume of 500 mL. The composition is
filtered through a nylon 47 mm filter membrane 0.2 um and stored at 5 °C and is stable for at
least 2 weeks.

[00122] The composition is stored in 20 mL borosilicate glass scintillation vials at 5 °C in

upright orientation, 25 °C in upright orientation and 37 °C in upright orientation.

Stability Protocol Schedule

The following Table summarizes the number of samples set down per
Interval/Condition/Formulation (Initial Interval Samples are stored at -20 °C conditions)

Stability 5°C 25°C 37°C
Interval Upright Orientation Upright Orientation Upright Orientation

Initial

4 hours

8 hours

24 hours

48 hours

1 weeks

2 weeks

3 months

6 months

9 months

12months

NN (NN [N [N N[N [N NN
DO N[N [ [N [N [N N [N | O
1
1

Reserves

Total

[\
)
[\
N
~
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Stability Pull and Testing Protocol

[00123] The testing is performed on samples set down per the designated time intervals and
conditions in order to assess the compatibility and stability of co-formulations of imetelstat +
rHuPH20 (See Table below). The test methods include assessments of appearance, pH, oligo
concentration (UV), purity by HPLC, assay by LC/MS, rHuPH20 enzyme activity, and
telomerase activity for imetelstat by TRAP assay (Mender and Shay, Bio Protoc. 2015: 5(22)).

Stability 5°C 25°C 37°C
Interval | Upright Orientation | Upright Orientation | Upright Orientation

Initial ABC

4 hours NA NA A

8 hours A A AB
24 hours A A NA
48 hours A A NA
1 weeks A A NA
2 weeks AB AB NA
3 months R R NA
6 months R R NA
9 months R R NA
12months R R NA

One aliquot of T=0 sample for conditions A, D, and F to be assessed by TRAP assay upon
collection; a second aliquot to be retained for possible future analysis together with samples
from other conditions and/or timepoints.

A = Appearance, pH, Oligo concentration (UV), RP-HPLC, Enzyme activity assay for rHuPH20
B=LC/MS

C = Telomerase activity (TRAP) assay for Imetelstat

R = Samples to be tested as needed

[00124] To test if tHuPH20 would have any impact on imetelstat telomerase inhibiting
activity when co-mixed with imetelstat, three formulations A, D and F as indicated in the Sample
Formulations Table above, i.e., imetelstat sodium alone (Formulation A) or imetelstat sodium co-
mixed with tHuPH20 (Formulations D and F), were tested in a TRAP (Telomerase Repeated
Amplification Protocol) assay for imetelstat activity. Briefly, cancer cell line Hela cells were
treated in vitro in triplicate with seven (7) different concentrations (0.1, 1, 5, 7.5 10, 25 and 50
uM) of each test Formulation, and one (1) no-drug control for 24 hours. The cell pellets were
lysed for protein extraction and quantification and the same amount of protein from cells treated
with each concentration of Formulation were tested by the TRAP assay. The Relative

Telomerase Activity (RTA) for each of the quantitative polymerase chain reaction (GPCR)
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results was determined from a standard curve, which was generated by a TRAP assay of serial
dilutions of the protein lysate from untreated Hela cells. The average RTA from replicates were
calculated for each concentration of a given Formulation and compared to the average RTA
value of the no-drug control to generate the percent (%) of telomerase activity inhibition, and
plotted against the treatment concentration to determine the drug concentrations for each
Formulation to achieve 50% inhibition (ICso value) of telomerase activity. Results in Figure 2
showed that the ICso values for all 3 Formulations were very similar and close to log value of 1
(10 uM), indicating that co-mixing imetelstat sodium with rHuPH20 does not affect imetelstat’s

telomerase inhibition activity.

Example 3 — Assay of rHuPH?20 activity in Formulations of Imetelstat and rHuPH20

Overview

[00125] In additional feasibility testing performed as a pre-study to the main compatibility and
stability study described in Example 2 above, formulations having imetelstat co-mixed with
rHuPH20 were tested for rHuPH20 activity. Results from the assay based on the reaction of
rHuPH20 with biotinylated hyaluronic acid (HA) are provided and demonstrate that rtHuPH20
activity can be measured in the presence of imetelstat in the co-mixed samples.

Results

[00126]  Biotinylated hyaluronic acid was used to determine the activity of rHuPH20 in the
presence and absence of imetelstat. Compositions containing 2000 U/mL of rHuPH20 in saline
were assayed with biotinylated hyaluronic acid to measure the level of degradation of the
hyaluronic acid by rHuPH20 and compared to compositions containing 100 mg/mL imetelstat
with 2000 U/mL rHuPH20. The rHuPH20 activity detected in the samples for each imetelstat +

rHuPH20 composition was close to amounts based on activities seen with the rHuPH20 alone

samples (Table below).
. . 100 mg/mL imetelstat with 2000
2000 U/mL rHuPH20 in saline g UL, sHuPH20
Target U/mL Potency % Recovery Potency % Recovery
in assay (U/mL) (2000 U/mL) (U/mL) (2000 U/mL)
1 1526 76% 1022 51%
0.33 1860 93% 2394 120%
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0.11 2124 106% 2916 146%
0.037 1944 97% 2592 130%
0.012 2268 113% 3078 154%
0.004 3402 170% 3402 170%

Example 4 — Single Dose Subcutaneous Bioavailability and Local Tolerability Study of

Imetelstat with or without rHuPH20 in Rats

Objective

[00127] The objectives of this study are to assess the systemic uptake of imetelstat (in terms
of plasma levels) and the local (injection site) tolerability following a single subcutaneous (SC)
injection alone or in combination with tHuPH20 (a recombinant human hyaluronidase enzyme
product to be co-formulated with imetelstat) in rats. The subcutaneous bioavailability of
imetelstat is determined by including a group that receives an IV dose of this test article. The
study is designed to demonstrate that imetelstat co-formulated with rHuPH2O0 is tolerable and
provides a pharmacokinetic profile for imetelstat indicative of clinical use of imetelstat co-
formulated with tHuPH20 to deliver requisite liquid volumes containing sufficient doses of

imetelstat via the subcutaneous route of administration.

Animals

[00128] Sprague-Dawley rats, each having a standard age at the outset of the study.

Test Articles
[00129]  Imetelstat is tested with and without rHuUPH20.

Study Design/Dosing

[00130] Imetelstat is given as a single dose on Day 1 either by slow-push intravenous
injection (Group 1) or SC injection (Group 2). Imetelstat co-formulated with rtHuPH20 is given
as a single dose on Day 1 by SC injection (Groups 3a and 3b). The vehicle for imetelstat is

given concurrently to Group 2 animals at a different SC site (control injection site). Likewise,
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the vehicle for imetelstat co-formulated with rHuPH20 is given to Groups 3a and 3b animals at a

separate control injection site.

[00131] Group assignments are shown in the table below.

Dose SOlllthIl. Dosing Volume
Group Concentration '
No. Route |y ctelstat | Imetelstat | rHuPH20 | Tmetelst Vehicle
(mg/kg) | (mg/mL) | (units/mL) | 2 _Control
(mL/kg) | Injection (mL)
1 IV 20-30 15 - 13-2 N/A
Same volume as
2 SC 20 -30 100 - 02-03 test article™
3a SC 20-30 3 2000 6.6-10 Same volume as
3b SC 20-30 100 2000 02-03 test article®*

SC: subcutaneous

*: Vehicle control article for imetelstat, which is given at a different SC site than imetelstat dose
(at the same dose volume as imetelstat alone)

**: Vehicle control article for imetelstat/rHuPH20 co-formulation, which is given at a different
SC site than imetelstat/rHuPH20 co-formulation dose.

Observations and Sample Collection

Clinical Observations: Study observations include standard clinical observations, assessment of
local injection sites, food consumption and body weight.

PK Samples:

[00132] Blood samples are collected from all animals in K;EDTA-containing tubes at various
times post-dose from 5 minutes to 8 hours. The samples are processed to plasma under

refrigerated conditions and the resulting plasma are stored deep-frozen.

PK Sample Bioanalysis and Data Interpretation:

[00133] The rat plasma samples are analyzed for imetelstat concentration using a validated
hybridization ELISA method. PK parameters such as AUCo., AUCo-inf, Cmax, Tmax, Kel, CL, V4

and t; are calculated for imetelstat in plasma as appropriate.
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Example 5 — Single Dose Subcutaneous Pharmacokinetic and Local Tolerability Study in

Monkeys

Objective
[00134] The objectives of this study are to assess the systemic uptake of imetelstat (in terms
of plasma levels) and the local (injection site) tolerability following a single subcutaneous
injection alone or in combination with tHuPH20 (a recombinant human hyaluronidase enzyme
product to be co-formulated with imetelstat) in cynomolgus monkeys. The study is designed to
demonstrate that imetelstat co-formulated with rHuPH20 is tolerable and provides a
pharmacokinetic profile for imetelstat indicative of clinical use of imetelstat co-formulated with

rHuPH20 to deliver requisite liquid volumes containing sufficient doses of imetelstat via the

subcutaneous route of administration.

Animals

[00135] Cynomolgus monkeys of standard age and weight at the outset of the study.
Test Articles

[00136] Imetelstat is tested with and without rHuPH20.

Study Design/Dosing

[00137] Imetelstat is given as a single dose on Day 1 by SC injection (Group 1), and

imetelstat co-formulated with rHuPH20 is given as a single dose on Day 1 by subcutaneous
injection (Group 2). The vehicle for imetelstat is given concurrently to Group 1 animals at a
different subcutaneous site (control injection site). Likewise, the vehicle for the co-formulation

of imetelstat and rHuPH20 is given to Group 2 animals at a separate control site.

[00138] Group assignments are shown in the table below.
Dose Solution Concentration Dosing Volume
Group Vehicle
Route

No. Imetelstat Imetelstat rHuPH20 | Imetelstat Control
(mg/kg) (mg/mL) (units/mL) (mL/kg) Injection

(mL)

1 SC 15 100 - 0.15 Same
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volume as

test article
*

Same
volume as

test article
kg

2 SC 15 100 2000 0.15

SC: subcutancous

*: Vehicle control article for imetelstat, which is given at a different SC site than imetelstat dose.

**. Vehicle control article for imetelstat/rtHuPH20 co-formulation, which is given at a different SC site than
imetelstat/tHuPH20 co-formulation dose.

Observations and Sample Collection

Clinical Observations:

[00139]  Study observations to include standard clinical observations, assessment of local

injection sites(including histopathology examination), food consumption and body weight.

PK Samples:
[00140] Blood samples are collected from all animals in K;EDTA-containing tubes at the

various times post-dose from 5 minutes to 24 hours. The samples are processed to plasma under

refrigerated conditions and the resulting plasma are stored deep-frozen.

PK Sample Bioanalysis and Data Interpretation:

[00141] The monkey plasma samples are analyzed for imetelstat concentration using a
validated hybridization ELISA method. PK parameters such as AUCo-, AUCo-inf, Cmax, Tmax, Kel,

CL, Vgand ty, are calculated for imetelstat in plasma as appropriate.

Example 6 — Safety and Pharmacokinetics Study in Healthy Volunteers or Patients

Objective
[00142] The objectives of this study are to assess the safety, tolerability and pharmacokinetics
of imetelstat after subcutaneous (SC) and intravenous (IV) administration. The study is designed

to demonstrate co-formulations of imetelstat with rHuPH20 provides subcutaneous delivery of
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requisite liquid volumes containing sufficient doses of imetelstat to demonstrate acceptable
safety, tolerability and pharmacokinetic profile for imetelstat via the subcutaneous route of

administration.

Summary of Study Design

[00143] The study is conducted in two parts. Part 1 is a dose-escalation phase with
subcutaneous administration of imetelstat. In Part 1, up to about 4 cohorts are planned. Subjects
participate in only 1 cohort. In each cohort, subjects receive a single subcutaneous dose of
imetelstat on Day 1. Part 2 is an open label, randomized, 2-treatment, crossover or parallel study
design. The dose for Part 2 is selected after review of the safety and pharmacokinetics data from
Part 1.

[00144] If Part2 is a crossover design, on Day 1 of Periods 1 and 2, alternating subcutaneous
or intravenous doses of imetelstat is administered according to a randomization schedule,
followed by pharmacokinetic sampling for 48 hours. There is a planned washout period between
the imetelstat doses in Part 2 in the crossover design. If Part 2 is a parallel design, patients are
randomized to receive on Day 1 either a subcutaneous or intravenous dose of imetelstat,

followed by pharmacokinetic sampling for 48 hours.

Dosage, Dosage Form, Route and Dosage Regimen
[00145]  Subcutaneous imetelstat is formulated as a co-mixture with hyaluronidase (rHuPH20)
in an appropriate vehicle. IV imetelstat does not contain hyaluronidase and is formulated in 0.9%

sodium chloride.

Part 1:
[00146] Single subcutaneous doses to be administered in Part 1. Cohort doses are selected
based on review of safety and pharmacokinetics data from preclinical pharmacokinetics and local

tolerability studies in rats and monkeys.
Part 2:

[00147]  Subjects are administered imetelstat subcutaneous or IV in one of the following

sequences:
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Sequence A (Crossover Design): A single subcutaneous dose of imetelstat on Day 1
followed by a single IV dose of imetelstat after an appropriate washout period; or
Sequence B (Crossover Design): A single IV dose of imetelstat on Day 1 followed by a
single SC dose of imetelstat after an appropriate washout period; or

Sequence C (Parallel Design): A single subcutaneous dose of imetelstat on Day 1
administered to one cohort of subjects and a single IV dose of imetelstat on Day 1

administered to another cohort of subjects.

[00148] The subcutaneous dose is given as a single injection at one site, and the IV dose is

given as a 2-hour infusion.

Assessments

Pharmacokinetics:

[00149] Blood samples for plasma concentrations of imetelstat are collected pre-dose, and at
various times from 0.5 to 48 hours after subcutaneous dose or start of infusion.
[00150] The following PK parameters are calculated for imetelstat in plasma, as appropriate:

AUCO-t, AUCO-inf, AUC%extrap, Cmax, Tmax, Kel, CL, CL/F, and ty.

Safety:
[00151] Assessment of Safety and tolerability is monitored through standard procedures

which may include electrocardiograms (ECGs), physical examinations, vital sign measurements,
clinical laboratory tests, and AEs. Summary statistics may be computed as deemed clinically

appropriate.

[00152]  Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to those of
ordinary skill in the art in light of the teachings of this invention that certain changes and
modifications may be made thereto without departing from the spirit or scope of the appended

claims.
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[00153] Accordingly, the preceding merely illustrates the principles of the invention. It will be
appreciated that those skilled in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody the principles of the invention and are
included within its spirit and scope. Furthermore, all examples and conditional language recited
herein are principally intended to aid the reader in understanding the principles of the invention
and the concepts contributed by the inventors to furthering the art, and are to be construed as
being without limitation to such specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the invention as well as
specific examples thereof, are intended to encompass both structural and functional equivalents
thereof. Additionally, it is intended that such equivalents include both currently known
equivalents and equivalents developed in the future, i.e., any elements developed that perform
the same function, regardless of structure. Moreover, nothing disclosed herein is intended to be
dedicated to the public regardless of whether such disclosure is explicitly recited in the claims.
[00154] The scope of the present invention, therefore, is not intended to be limited to the
exemplary embodiments shown and described herein. Rather, the scope and spirit of present
invention is embodied by the appended claims. In the claims, 35 U.S.C. §112(f) or 35 U.S.C.
§112(6) is expressly defined as being invoked for a feature in the claim only when the exact
phrase “means for” or the exact phrase “step for” is recited at the beginning of such feature in the
claim; if such exact phrase is not used in a feature in the claim, then 35 U.S.C. §112(f) or 35

U.S.C. §112(6) is not invoked.

[00155] Other embodiments of the invention may include:

1. A composition formulated for subcutaneous administration, the composition comprising;
a telomerase inhibitor comprising an oligonucleotide and a lipid moiety linked to the 5’

and/or 3° end of the oligonucleotide; and

a hyaluronidase enzyme.

2. The composition according to paragraph 1, wherein the hyaluronidase enzyme is a

recombinant human hyaluronidase.
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3. The composition according to paragraph 2, wherein the hyaluronidase enzyme is
rHuPH20.
4 The composition according to paragraph 1, wherein the composition comprises a variant

or fragment of a PH20 hyaluronidase enzyme.

5. The composition according to paragraph 4, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions selected from the group consisting of
T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E and I361T in wild-type
PH20 having the amino acid sequence of SEQ ID NO: 1.

6. The composition according to paragraph 5, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions selected from the group consisting of

T341A, T341C, L3541 and N356E.

7. The composition according to paragraph 4, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions in the region corresponding to an alpha-
helix region or a linker region in wild-type PH20 having the amino acid sequence of SEQ ID

NO: 1.

8. The composition according to paragraph 7, wherein the alpha-helix region is an alpha-
helix 8 region comprising the amino acid residues S347 to C381 and the linker region is a linker
region comprising the amino acid residues A333 to R346 between alpha-helix 7 and alpha-helix

8.
9. The composition according to paragraph 7, wherein the alpha-helix region and the linker

region comprises amino acid residues T341 to N363, T341 to 1361, L342 to 1361, S343 to 1361,
1344 to 1361, M345 to 1361, or M345 to N363.
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10. The composition according to paragraph 7, wherein the alpha-helix 8 region and the
linker region between alpha-helix 7 and alpha-helix 8 are substituted with one or more amino

acid residues of the corresponding region of Hyal1.

11. The composition according to paragraph 4, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions at one or more positions selected from
the group consisting of T341, 1342, $343, 1344, M345, S347, M348, K349, 1352, 353, D355,
E359, 1361 and N363.

12. The composition according to paragraph 11, wherein the variant or fragment of PH20
comprises amino acid residue substitutions of’

one or more of L3541 and N356E; and

one or more amino acid residue substitutions selected from the group consisting of
T341A, T341C, T341D, T341G, T341S, L342W, S343E, 1344N, M345T, S347T, M348K,
K349E, 1L352Q, L353A, D355K, E359D, I361T and N363G.

13. The composition according to paragraph 12, wherein the variant or fragment of PH20
comprises
(1) the substitutions M345T, S347T, M348K, K349E, L352Q, L353A, L354I,
D355K, N356E, E359D and 1361T;
(i1) the substitutions T341A, T341C, T341D, T341G, T341S, L342W, S343E, 1344N
and N363G; or
(iii)  any one amino acid residue substitution selected from the following amino acid
residue substitution groups:
(a) T341S, L342W, S343E, [344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D and 1361T;
(b) L342W, S343E, 344N, M345T, $347T, M348K, K349E, L352Q, L353A
L3541, D355K, N356E, E359D and I361T;
(c) M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E,
E359D, I361T and N363G;

>
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(d) T341G, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D and I361T;

() T341A, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D and 1361T;

(f) T341C, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D and 1361T;

(2) T341D, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q,
L353A, L3541, D355K, N356E, E359D and 1361T;

(h) 1344N, M345T, $347T, M348K, K349E, L352Q, L353A, L3541, D355K,
N356E, E359D and I361T; and

(i) S343E, 1344N, M345T, $347T, M348K, K349E, L352Q, L353A, L3541,
D355K, N356E, E359D and I361T.

14. The composition according to any one of paragraphs 4-13, wherein one or more of the N-

terminal or C-terminal amino acid residues of the variant or fragment of PH20 are deleted.

15. The composition according to paragraph 14, wherein the cleavage

(1) is positioned before an amino acid residue selected from the group consisting of
M1 to P42 at the N-terminus such that one or more residues at the N-terminus are deleted;

(i1) is positioned before an amino acid residue L36, N37, F38, R39, A40, P41, or P42
at the N-terminus such that one or more residues at the N-terminus are deleted;

(iii)  is positioned after an amino acid residue selected from the group consisting of
V455 to L509 at the C-terminus such that one or more amino acid residues at the C-terminus are
deleted; or

(iv)  is positioned after an amino acid residue selected from V455, C458, D461, C464,
1465, D466, A467, F468, K470, PA71, P472, M473, E474, T475, E476, E477, PA78, Q479, 1480,
F481, Y482, N483, A484, P486, T488, or S490 at the C-terminus such that one or more amino

acid residues at the C-terminus are deleted.

16. The composition according to any one of paragraphs 4 to 15, wherein the N-terminus

comprises a human growth hormone-derived signal peptide having an amino acid sequence
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MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKWVTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

22. The composition according to any one of paragraphs 4-21, wherein the variant or
fragment of PH20

(1) is a peptide having at least 90% sequence identity to a sequence of amino acids
set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(i)  is a peptide having at least 95% sequence identity to a sequence of amino acids
set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(iii)  consists of an amino acid sequence selected from SEQ ID NOs: 60 to 115;

(iv)  has an amino acid sequence of SEQ ID NO: 99.

23. The composition according to any one of paragraphs 1-22, wherein the hyaluronidase is

present in the composition in an amount of from 100 U to 50,000 U.

24, The composition according to any one of paragraphs 1-23, wherein the hyaluronidase is

present in the composition in an amount of from 100 U/mL to 50,000 U/mL.

25. The composition according to any one of paragraphs 1-24, wherein the composition

further comprises one or more pharmaceutically acceptable excipients.

26. The composition according to any one of paragraphs 1-25, wherein the composition

further comprises one or more saccharides.

27. The composition according to paragraph 26, wherein the one or more saccharides

comprises a monosaccharide.
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28. The composition according to any one of paragraphs 26-27, wherein the one or more

saccharides comprises a polysaccharide.

29. The composition according to paragraph 28, wherein the one or more polysaccharides is

selected from the group consisting of trehalose and sucrose.

30.  The composition according to any one of paragraphs 26-29, wherein the one or more

saccharides is present in the composition in an amount from 10 mM to 500 mM.

31. The composition according to any one of paragraphs 1-30, wherein the composition

further comprises one or more amino acids.

32.  The composition according to paragraph 31, wherein the amino acids are selected from

methionine and histidine.

33. The composition according to any one of paragraphs 31-32, wherein the one or more
amino acids is present in the composition in an amount from 1 mM to 100 mM, optionally in an

amount from 1 mM to 50 mM.

34. The composition according to any one of paragraphs 1-33, wherein the composition

further comprises a buffer.

35.  The composition according to paragraph 34, wherein the buffer is present in the
composition in an amount sufficient to maintain the composition at a pH from 3.0 to 9.0,

optionally in an amount sufficient to maintain the composition at a pH from 5.5 to 7.5.
36. The composition according to any one of paragraphs 34-35, wherein the buffer is present

in the composition in an amount of from 1 to 100 mM, optionally in an amount of from 1 mM to

50 mM.
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37. The composition according to any one of paragraphs 1-36, wherein the oligonucleotide of
the telomerase inhibitor comprises at least one N3’ P5’ thiophosphoramidate internucleoside

linkage.

38. The composition according to any one of paragraphs 1-37, wherein the lipid moiety of
the telomerase inhibitor is linked to the 5 and/or 3° end of the oligonucleotide via a linker,

optionally wherein the linker is a glycerol or aminoglycerol linker.

39. The composition according to any one of paragraphs 1-38, wherein the lipid moiety of

the telomerase inhibitor is a palmitoyl (C16) moiety.

40.  The composition according to any one of paragraphs 1-39, wherein the telomerase
inhibitor is imetelstat or a pharmaceutically acceptable salt thereof, optionally wherein the

telomerase inhibitor is imetelstat sodium.

41. The composition according to any one of paragraphs 1-40, wherein the telomerase
inhibitor is present in the composition at a dosage

(1) of from about 2.0 mg/kg to 20.0 mg/kg;

(i1) of from about 3 mg/kg to about 15 mg/kg;

(iii)  of from about 9 mg/kg to about 11 mg/kg; or

(iv)  of from about 11 mg/kg to about 14 mg/kg.

42. The composition according to paragraphs 1-41, wherein the composition is lyophilized.

43. A method of treating a subject having a neoplasm, the method comprising
subcutaneously administering to the subject a composition comprising;

a telomerase inhibitor comprising an oligonucleotide and a lipid moiety linked to the 5’
and/or 3’ end of the oligonucleotide; and

a hyaluronidase enzyme.
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44, The method according to paragraph 43, wherein the neoplasm is a hematologic neoplasm
selected from myelofibrosis (MF), myelodysplastic syndromes (MDS), Essential
Thrombocythemia (ET), Polycythemia vera (PV), Chronic Myelogenous Leukemia (CML),
chronic neutrophilic leukemia, chronic eosinophilic leukemia, and acute myeloid leukemia

(AML).

45. The method according to any one of paragraphs 43-44, further comprising diagnosing a

subject as having a hematologic neoplasm.

46. The method according to any one of paragraphs 43-45, wherein the composition is
subcutaneously administered to the subject

(1) once every other day;

(i))  once every 7 days;

(iii)  once every 21 days; or

(iv)  once every 28 days.

47. The method according to any one of paragraphs 43-46, wherein the method is repeated 1

or more times, optionally 5 or more times.

48.  The method according to any one of paragraphs 43-47, wherein the telomerase inhibitor
is administered to the subject at a dosage of from

(1) about 2.0 mg/kg to 20.0 mg/kg;

(i)  about 3 mg/kg to about 15 mg/kg;

(iii)  about 9 mg/kg to about 11 mg/kg; or

(iv)  about 11 mg/kg to about 14 mg/kg.

49. The method according to any one of paragraphs 43-48, wherein the hyaluronidase

enzyme is a recombinant human hyaluronidase, optionally rHuPH20.
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50. The method according to any one of paragraphs 43-48, wherein the composition

comprises a variant or fragment of a PH20 hyaluronidase enzyme.

51. The method according to paragraph 50, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions selected from the group consisting of
T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E and I361T in wild-type
PH20 having the amino acid sequence of SEQ ID NO: 1, optionally wherein the variant or
fragment of PH20 comprises one or more amino acid residue substitutions selected from the

group consisting of T341A, T341C, L3541 and N356E.

52. The method according to paragraph 50, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions in the region corresponding to an alpha-
helix region or a linker region in wild-type PH20 having the amino acid sequence of SEQ ID
NO: 1.

53. The method according to paragraph 52, wherein

(1) the alpha-helix region is an alpha-helix 8 region comprising the amino acid
residues S347 to C381 and the linker region is a linker region comprising the amino acid residues
A333 to R346 between alpha-helix 7 and alpha-helix 8;

(ii)  the alpha-helix region and the linker region comprises amino acid residues T341
to N363, T341 to I361, L342 to 1361, S343 to I361, 1344 to I361, M345 to 1361, or M345 to
N363; or

(iii))  the alpha-helix 8 region and the linker region between alpha-helix 7 and alpha-
helix 8 are substituted with one or more amino acid residues of the corresponding region of

Hyall.

54. The method according to paragraph 50, wherein the variant or fragment of PH20
comprises one or more amino acid residue substitutions at one or more positions selected from
the group consisting of T341, L342, S343, 1344, M345, $347, M348, K349, L352, L353, D355,
E359, 1361 and N363.
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55. The method according to paragraph 54, wherein the variant or fragment of PH20
comprises amino acid residue substitutions of:

one or more of L3541 and N356E; and

one or more amino acid residue substitutions selected from the group consisting of
T341A, T341C, T341D, T341G, T341S, L342W, S343E, I344N, M345T, S347T, M348K,
K349E, 1.352Q, L353A, D355K, E359D, I361T and N363G,

optionally wherein the variant or fragment of PH20 comprises the substitutions M345T,

S347T, M348K, K349E, 1L.352Q, L353A, L3541, D355K, N356E, E359D and I361T.

56. The method according to paragraph 55, wherein the variant or fragment of PH20
comprises

(i) the substitutions T341A, T341C, T341D, T341G, T341S, L342W, S343E, 1344N and
N363G; or

(ii) any one amino acid residue substitution selected from the following amino acid
residue substitution groups:

(a) T341S, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1L352Q, L353A,
L3541, D355K, N356E, E359D and I361T;

(b) L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541,
D355K, N356E, E359D and 1361T;

(c) M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E, E359D,
I361T and N363G;

(d) T341G, L342W, S343E, 344N, M345T, S347T, M348K, K349E, 1.352Q, L353A
L3541, D355K, N356E, E359D and I361T;

(e) T341A, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and I361T;

(f) T341C, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1L.352Q, L353A,
L3541, D355K, N356E, E359D and I361T;

(g) T341D, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and I361T;

(h) I344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E,
E359D and I361T; and

>
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(i) S343E, 1344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K,
N356E, E359D and I361T.

57. The method according to any one of paragraphs 50-56, wherein one or more of the N-

terminal or C-terminal amino acid residues of the variant or fragment of PH20 are deleted.

58. The method according to paragraph 57, wherein cleavage is positioned

(1) before an amino acid residue selected from the group consisting of M1 to P42 at
the N-terminus such that one or more residues at the N-terminus are deleted;

(i1) before an amino acid residue L36, N37, F38, R39, A40, P41, or P42 at the N-
terminus such that one or more residues at the N-terminus are deleted;

(iii)  positioned after an amino acid residue selected from the group consisting of V455
to L5009 at the C-terminus such that one or more amino acid residues at the C-terminus are
deleted; or

(iv)  after an amino acid residue selected from V455, C458, D461, C464, 1465, D466,
A467, FA68, K470, P471, PA72, M473, E474, T475, E476, EAT7, P478, Q479, 1480, F481,
Y482, N483, A484, P486, T488, or S490 at the C-terminus such that one or more amino acid

residues at the C-terminus are deleted.

59. The method according to any one of paragraphs 50-58, wherein the N-terminus
comprises a human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKWVTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

60.  The method according to any one of paragraphs 50-59, wherein the variant or fragment of
PH20

(1) is a peptide having at least 90% sequence identity to a sequence of amino acids
set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;
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(i)  is a peptide having at least 95% sequence identity to a sequence of amino acids
set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(iii)  consists of an amino acid sequence selected from SEQ ID NOs: 60 to 115; or

(iv)  has an amino acid sequence of SEQ ID NO: 99.

61. The method according to any one of paragraphs 43-60, wherein the hyaluronidase is

present in the composition in an amount of from 100 U to 50,000 U.

62. The method according to any one of paragraphs 43-61, wherein the hyaluronidase is

present in the composition in an amount of from 100 U/mL to 50,000 U/mL.

63. The method according to any one of paragraphs 43-62, wherein the composition further

comprises one or more pharmaceutically acceptable excipients.

64. The method according to any one of paragraphs 43-63, wherein the composition further

comprises one or more saccharides.

65. The method according to paragraph 64, wherein the one or more saccharides comprises a
monosaccharide.
66. The method according to any one of paragraphs 64-65, wherein the one or more

saccharides comprises a polysaccharide.

67. The method according to paragraph 66, wherein the one or more polysaccharides is

selected from the group consisting of trehalose and sucrose.
68. The method according to any one of paragraphs 64-67, wherein the one or more

saccharides is present in the composition in an amount from 10 mM to 500 mM, optionally in an

amount from 100 mM to 300 mM.
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69. The method according to any one of paragraphs 43-68, wherein the composition further

comprises one or more amino acids.

70. The method according to paragraph 69, wherein the amino acids are selected from

methionine and histidine.

71. The method according to any one of paragraphs 69-70, wherein the one or more amino
acids is present in the composition in an amount from 1 mM to 100 mM, optionally in an amount

from 1 mM to 50 mM.

72. The method according to any one of paragraphs 43-71 wherein the composition further

comprises a buffer.

73. The method according to paragraph 72, wherein the buffer is present in the composition
in an amount sufficient to maintain the composition at a pH from 3.0 to 9.0, optionally in an

amount sufficient to maintain the composition at a pH from 5.5 to 7.5.

74. The method according to any one of paragraphs 72-73, wherein the buffer is present in
the composition in an amount of from 1 to 100 mM, optionally in an amount of from 1 mM to 50

mM.

75. The method according to any one of paragraphs 72-74, wherein the buffer comprises
histidine.
76. The method according to any one of paragraphs 43-75, wherein the oligonucleotide of the

telomerase inhibitor comprises at least one N3’ P5’ thiophosphoramidate internucleoside

linkage.

77. The method according to any one of paragraphs 43-76, wherein the lipid moiety of the

telomerase inhibitor is linked to the 5° and/or 3° end of the oligonucleotide via a linker.
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78. The method according to paragraph 77, wherein the linker is a glycerol or aminoglycerol

linker.

79. The method according to any one of paragraphs 43-78, wherein the lipid moiety of the

telomerase inhibitor is a palmitoyl (C16) moiety.

80. The method according to any one of paragraphs 43-79, and 158, wherein the telomerase

inhibitor is imetelstat or a pharmaceutically acceptable salt thereof, optionally imetelstat sodium.

81. A unit dosage form comprising a hyaluronidase enzyme and a telomerase inhibitor
comprising an oligonucleotide and a lipid moiety linked to the 5 and/or 3° end of the

oligonucleotide.

82. The unit dosage form according to paragraph 81, wherein the hyaluronidase enzyme is a

recombinant human hyaluronidase.

83. The unit dosage form according to paragraph 82, wherein the hyaluronidase enzyme is
rHuPH20.
84, The unit dosage form according to paragraph 83, wherein the composition comprises a

variant or fragment of a PH20 hyaluronidase enzyme.

85. The unit dosage form according to paragraph 84, wherein the variant or fragment of
PH20 comprises
(1) one or more amino acid residue substitutions selected from the group consisting

of T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E and I1361T in wild-
type PH20 having the amino acid sequence of SEQ ID NO: 1;
(il)  one or more amino acid residue substitutions selected from the group consisting

of T341A, T341C, L3541 and N356E:; or
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(ili)  one or more amino acid residue substitutions in the region corresponding to an
alpha-helix region or a linker region in wild-type PH20 having the amino acid sequence of SEQ

ID NO: 1.

86. The unit dosage form according to paragraph 85, wherein the alpha-helix region is an
alpha-helix 8 region comprising the amino acid residues S347 to C381 and the linker region is a
linker region comprising the amino acid residues A333 to R346 between alpha-helix 7 and alpha-

helix 8.

87. The unit dosage form according to paragraph 85, wherein the alpha-helix region and the
linker region comprises amino acid residues T341 to N363, T341 to I361, L342 to I361, S343 to
1361, 1344 to 1361, M345 to 1361, or M345 to N363.

88. The unit dosage form according to paragraph 86, wherein the alpha-helix 8 region and the
linker region between alpha-helix 7 and alpha-helix 8 are substituted with one or more amino

acid residues of the corresponding region of Hyal 1.

89. The unit dosage form according to paragraph 84, wherein the variant or fragment of
PH20 comprises
(1) one or more amino acid residue substitutions at one or more positions selected

from the group consisting of T341, 1342, S343, 1344, M345, S347, M348, K349, .352, L353,
D355, E359, 1361 and N363;

(i)  amino acid residue substitutions of’

one or more of L3541 and N356E; and

one or more amino acid residue substitutions selected from the group consisting of
T341A, T341C, T341D, T341G, T3418S, L342W, S343E, 1344N, M345T, S347T, M348K,
K349E, L352Q, L353A, D355K, E359D, I1361T and N363G, optionally wherein the variant or
fragment of PH20 comprises the substitutions M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and 1361T:

(iii)  the substitutions T341A, T341C, T341D, T341G, T341S, L342W, S343E, 344N
and N363G; or
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(iv)  any one amino acid residue substitution selected from the following amino acid
residue substitution groups:

(a) T341S, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1.352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(b) L342W, S343E, I344N, M345T, S347T, M348K, K349E, 1L352Q, L353A, L3541,
D355K, N356E, E359D and 1361T;

(c) M345T, $347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E, E359D,
1361T and N363G;

(d) T341G, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1L.352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(e) T341A, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, L.352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(f) T341C, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1.352Q, L353A,
L3541, D355K, N356E, E359D and 1361T:;

(g) T341D, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1.352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(h) 344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K, N356E,
E359D and I361T; and

(i) S343E, 1344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K,
N356E, E359D and I361T.

90. The unit dosage form according to any one of paragraphs 84-89, wherein one or more of

the N-terminal or C-terminal amino acid residues of the variant or fragment of PH20 are deleted.

91. The unit dosage form according to paragraph 90 wherein cleavage is positioned

() before an amino acid residue selected from the group consisting of M1 to P42 at
the N-terminus such that one or more residues at the N-terminus are deleted;

(il)  before an amino acid residue L36, N37, F38, R39, A40, P41, or P42 at the N-
terminus such that one or more residues at the N-terminus are deleted;

(iii)  after an amino acid residue selected from the group consisting of V455 to L509 at

the C-terminus such that one or more amino acid residues at the C-terminus are deleted;

107



WO 2022/015935 PCT/US2021/041755

(iv)  after an amino acid residue selected from V455, C458, D461, C464, 1465, D466,
A467, F468, K470, P471, P472, M473, E474, T475, E476, E477, P478, Q479, 1480, F481,
Y482, N483, A484, P486, T488, or S490 at the C-terminus such that one or more amino acid

residues at the C-terminus are deleted.

92. The unit dosage form according to any one of paragraphs 84-91, wherein the N-terminus
comprises a human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKW VTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

93.  The unit dosage form according to any one of paragraphs 84-92, wherein the variant or
fragment of PH20
(1) is a peptide having at least 90% sequence identity to a sequence of amino acids

set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(i)  is a peptide having at least 95% sequence identity to a sequence of amino acids
set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(iii)  consists of an amino acid sequence selected from SEQ ID NOs: 60 to 115; or

(iv)  has an amino acid sequence of SEQ ID NO: 99.

94, The unit dosage form according to any one of paragraphs 81-93, wherein the

hyaluronidase is present in the composition in an amount of from 100 U to 50,000 U.

95. The unit dosage form according to any one of paragraphs 81-94, wherein the

hyaluronidase is present in the composition in an amount of from 100 U/mL to 50,000 U/mL.

96. The unit dosage form according to any one of paragraphs 81-95, wherein the composition

further comprises one or more pharmaceutically acceptable excipients.
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97. The unit dosage form according to any one of paragraphs 81-96, wherein the composition

further comprises one or more saccharides.

98. The unit dosage form according to paragraph 97, wherein the one or more saccharides

comprises a monosaccharide.

99. The unit dosage form according to any one of paragraphs 97-98, wherein the one or more

saccharides comprises a polysaccharide.

100.  The unit dosage form according to paragraph 99, wherein the one or more

polysaccharides is selected from the group consisting of trehalose and sucrose.

101.  The unit dosage form according to any one of paragraphs 97-100, wherein the one or

more saccharides is present in the composition in an amount from 10 mM to 500 mM.

102.  The unit dosage form according to any one of paragraphs 81-100, wherein the

composition further comprises one or more amino acids.

103.  The unit dosage form according to paragraph 102, wherein the amino acids are selected

from methionine and histidine.
104.  The unit dosage form according to any one of paragraphs 102-103, wherein the one or
more amino acids is present in the composition in an amount from 1 mM to 100 mM, optionally

in an amount from 1 mM to 50 mM.

105.  The unit dosage form according to any one of paragraphs 81-104, wherein the

composition further comprises a buffer.
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106.  The unit dosage form according to paragraph 105, wherein the buffer is present in the
composition in an amount sufficient to maintain the composition at a pH from 3.0 to 9.0,

optionally in an amount sufficient to maintain the composition at a pH from 5.5 to 7.5.

107.  The unit dosage form according to any one of paragraphs 105-106, wherein the buffer is
present in the composition in an amount of from 1 to 100 mM, optionally in an amount of from 1

mM to 50 mM.

108.  The unit dosage form according to any one of paragraphs 81-107, wherein the
oligonucleotide of the telomerase inhibitor comprises at least one N3’ P5’

thiophosphoramidate internucleoside linkage.

109.  The unit dosage form according to any one of paragraphs 81-108, wherein the lipid
moiety of the telomerase inhibitor is linked to the 5’ and/or 3’ end of the oligonucleotide via a

linker.

110.  The unit dosage form according to paragraph 109, wherein the linker is a glycerol or

aminoglycerol linker.

111.  The unit dosage form according to any one of paragraphs 81-110, wherein the lipid

moiety of the telomerase inhibitor is a palmitoyl (C16) moiety.

112.  The unit dosage form according to any one of paragraphs 81-111, wherein the telomerase

inhibitor is imetelstat or a pharmaceutically acceptable salt thereof, optionally imetelstat sodium.

113.  The unit dosage form according to any one of paragraphs 81-112, wherein the telomerase
inhibitor is present in the composition at a dosage of from

(1) about 2.0 mg/kg to 20.0 mg/kg;

(i1) about 3 mg/kg to about 15 mg/kg;

(iii)  about 9 mg/kg to about 11 mg/kg; or

(iv)  about 11 mg/kg to about 14 mg/kg.
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114. The unit dosage form according to paragraphs 81-113, wherein the composition is liquid.

115. A kit comprising;
a composition comprising a hyaluronidase enzyme, and
a composition comprising a telomerase inhibitor comprising an oligonucleotide and a

lipid moiety linked to the 5” and/or 3’ end of the oligonucleotide.

116.  The kit according to paragraph 115, further comprises an injector.

117.  The kit according to paragraph 115-116, wherein the composition comprising a

telomerase inhibitor is lyophilized.

118.  The kit according to paragraph 115-117, wherein the kit further comprises a buffer for
generating a reconstituted liquid composition.
119.  The kit according to any one of paragraphs 115-118, wherein the subcutaneous injector

comprises a needle and syringe.
120.  The kit according to any one of paragraphs 115-119, wherein the subcutaneous injector is
a bolus injector configured to subcutaneously deliver a predetermined amount of the

composition.

121.  The kit according to any one of paragraphs 115-120, wherein the hyaluronidase enzyme

is a recombinant human hyaluronidase.

122.  The kit according to paragraph 121, wherein the hyaluronidase enzyme is rHuPH20.

123.  The kit according to any one of paragraphs 115-121, wherein the composition comprises

a variant or fragment of a PH20 hyaluronidase enzyme.
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124.  The kit according to paragraph 123, wherein the variant or fragment of PH20 comprises

(1) one or more amino acid residue substitutions selected from the group consisting
of T341A, T341C, T341G, S343E, M345T, K349E, L353A, L3541, N356E and I361T in wild-
type PH20 having the amino acid sequence of SEQ ID NO: 1;

(il)  one or more amino acid residue substitutions selected from the group consisting
of T341A, T341C, L3541 and N356E,;

(iii)  one or more amino acid residue substitutions in the region corresponding to an
alpha-helix region or a linker region in wild-type PH20 having the amino acid sequence of SEQ

ID NO: 1.

125.  The kit according to paragraph 124, wherein the alpha-helix region is an alpha-helix 8
region comprising the amino acid residues S347 to C381 and the linker region is a linker region

comprising the amino acid residues A333 to R346 between alpha-helix 7 and alpha-helix 8.

126.  The kit according to paragraph 124, wherein the alpha-helix region and the linker region
comprises amino acid residues T341 to N363, T341 to 1361, L342 to 1361, S343 to 1361, 1344 to
1361, M345 to 1361, or M345 to N363.

127.  The kit according to paragraph 124, wherein the alpha-helix 8 region and the linker
region between alpha-helix 7 and alpha-helix 8 are substituted with one or more amino acid

residues of the corresponding region of Hyall.

128.  The kit according to paragraph 123, wherein the variant or fragment of PH20 comprises
one or more amino acid residue substitutions at one or more positions selected from the group
consisting of T341, L.342, S343, 1344, M345, S347, M348, K349, .352, .353, D355, E359, 1361
and N363.

129.  The kit according to paragraph 128, wherein the variant or fragment of PH20 comprises

(1) amino acid residue substitutions of:

one or more of L3541 and N356E; and
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one or more amino acid residue substitutions selected from the group consisting of
T341A, T341C, T341D, T341G, T341S, L342W, S343E, [344N, M345T, S347T, M348K,
K349E, L352Q, L353A, D355K, E359D, 1361T and N363G;

(i1)  the substitutions M345T, S347T, M348K, K349E, L352Q, L353A, L354I,
D355K, N356E, E359D and 1361T;

(iii)  the substitutions T341A, T341C, T341D, T341G, T341S, L342W, S343E, 344N
and N363G; or

(iv)  any one amino acid residue substitution selected from the following amino acid
residue substitution groups:

(a) T341S, L342W, S343E, 344N, M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(b) L342W, S343E, I344N, M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541,
D355K, N356E, E359D and 1361T;

(c) M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E, E359D,
1361T and N363G;

(d) T341G, L342W, S343E, 1344N, M345T, S347T, M348K, K349E, 1.352Q, L353A,
L3541, D355K, N356E, E359D and I361T;

() T341A, L342W, S343E, I344N, M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(f) T341C, L342W, S343E, 344N, M345T, S347T, M348K, K349E, 1L352Q, L353A,
L3541, D355K, N356E, E359D and 1361T;

(g) T341D, L342W, S343E, 344N, M345T, S347T, M348K, K349E, L352Q, L353A,
L3541, D355K, N356E, E359D and I361T;

(h) I344N, M345T, S347T, M348K, K349E, 1.352Q, L353A, L3541, D355K, N356E,
E359D and I361T; and

(i) S343E, I344N, M345T, S347T, M348K, K349E, L352Q, L353A, L3541, D355K,
N356E, E359D and I361T.

130.  The kit according to any one of paragraphs 123-129, wherein one or more of the N-

terminal or C-terminal amino acid residues of the variant or fragment of PH20 are deleted.
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131.  The kit according to paragraph 130, wherein cleavage is positioned before an amino acid
residue selected from the group consisting of M1 to P42 at the N-terminus such that one or more

residues at the N-terminus are deleted.

132, The kit according to paragraph 131, wherein the cleavage is positioned

() before an amino acid residue L36, N37, F38, R39, A40, P41, or P42 at the N-
terminus such that one or more residues at the N-terminus are deleted;

(i)  after an amino acid residue selected from the group consisting of V455 to L509 at
the C-terminus such that one or more amino acid residues at the C-terminus are deleted; or

(iii)  after an amino acid residue selected from V455, C458, D461, C464, 1465, D466,
A467, FA68, K470, P471, PA72, M473, E474, T475, E476, EAT7, P478, Q479, 1480, F481,
Y482, N483, A484, P486, T488, or S490at the C-terminus such that one or more amino acid

residues at the C-terminus are deleted.

133.  The kit according to any one of paragraphs 123-132, wherein the N-terminus comprises a
human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKWVTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

134.  The kit according to any one of paragraphs 123-133, wherein the variant or fragment of
PH20

(1) is a peptide having at least 90% sequence identity to a sequence of amino acids
set forth as SEQ ID NO: 1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(ii)  1is a peptide having at least 95% sequence identity to a sequence of amino acids
set forth as SEQ ID NO: 1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-
481, and 36-483 of SEQ ID NO:1;

(iii)  consists of an amino acid sequence selected from SEQ ID NOs: 60 to 115; or

(iv)  has an amino acid sequence of SEQ ID NO: 99.
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135.  The kit according to any one of paragraphs 115-134, wherein the hyaluronidase is present

in the composition in an amount of from 100 U to 50,000 U.

136.  The kit according to any one of paragraphs 115-135, wherein the hyaluronidase is present

in the composition in an amount of from 100 U/mL to 50,000 U/mL.

137.  The kit according to any one of paragraphs 115-136, wherein the composition further

comprises one or more pharmaceutically acceptable excipients.

138.  The kit according to any one of paragraphs 115-137, wherein the composition further

comprises one or more saccharides.

139.  The kit according to paragraph 138 wherein the one or more saccharides comprises a

monosaccharide.

140.  The kit according to any one of paragraphs 138-139, wherein the one or more saccharides

comprises a polysaccharide.

141.  The kit according to paragraph 140, wherein the one or more polysaccharides is selected

from the group consisting of trehalose and sucrose.
142, The kit according to any one of paragraphs 140-141, wherein the one or more
polysaccharides is present in the composition in an amount from 10 mM to 500 mM, optionally

in an amount from 100 mM to 300 mM.

143.  The kit according to any one of paragraphs 115-142, wherein the composition further

comprises one or more amino acids.

144.  The kit according to paragraph 143, wherein the composition comprises methionine.
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145.  The kit according to any one of paragraphs 143-144, wherein the one or more amino
acids is present in the composition in an amount from 1 mM to 100 mM, optionally in an amount

from 1 mM to 50 mM.

146.  The kit according to any one of paragraphs 115-145, wherein the composition further

comprises a buffer.

147.  The kit according to paragraph 146, wherein the buffer is present in the composition in an
amount sufficient to maintain the composition at a pH from 3.0 to 9.0, optionally in an amount

sufficient to maintain the composition at a pH from 5.5 to 7.5.

148.  The kit according to any one of paragraphs 146-147, wherein the buffer is present in the
composition in an amount of from 1 to 100 mM, optionally in an amount of from 1 mM to 50

mM.

149.  The kit according to any one of paragraphs 146-148, wherein the buffer comprises

histidine.
150.  The kit according to any one of paragraphs 115-149, wherein the oligonucleotide of the
telomerase inhibitor comprises at least one N3’ P35’ thiophosphoramidate internucleoside

linkage.

151.  The kit according to any one of paragraphs 115-150, wherein the lipid moiety of the

telomerase inhibitor is linked to the 5” and/or 3’ end of the oligonucleotide via a linker.

152.  The kit according to paragraph 151, wherein the linker is a glycerol or aminoglycerol

linker.

153.  The kit according to any one of paragraphs 115-152, wherein the lipid moiety of the

telomerase inhibitor is a palmitoyl (C16) moiety.
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154.  The kit according to any one of paragraphs 115-153, wherein the telomerase inhibitor is

imetelstat or a pharmaceutically acceptable salt thereof, optionally imetelstat sodium.

155.  The kit according to any one of paragraphs 115-154, wherein the telomerase inhibitor is
present in the composition at a dosage of from

() about 2.0 mg/kg to 20.0 mg/kg;

(i)  about 3 mg/kg to about 15 mg/kg;

(iii)  about 9 mg/kg to about 11 mg/kg; or

(iv)  about 11 mg/kg to about 14 mg/kg.

156. The kit according to any one of paragraphs 115-154, wherein the telomerase inhibitor is
present in the composition at a dosage

1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(iii))  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.

157.  The composition according to any one of paragraphs 1-40, wherein the telomerase
inhibitor is present in the composition at a dosage

(1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(iii)  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.

158.  The method according to any one of paragraphs 43-47, wherein the telomerase inhibitor
is present in the composition at a dosage

(1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(ii1)  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.
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159.  The method according to any one of paragraphs 81-112, wherein the telomerase inhibitor
is present in the composition at a dosage

(1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(iii))  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.
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WHAT IS CLAIMED IS:

1. A composition formulated for subcutaneous administration, the composition comprising;
a telomerase inhibitor comprising an oligonucleotide and a lipid moiety linked to the 5’

and/or 3° end of the oligonucleotide; and

a hyaluronidase enzyme.

2. The composition according to claim 1, wherein the hyaluronidase enzyme is a

recombinant human hyaluronidase.

3. The composition according to claim 1, wherein the composition comprises a variant or

fragment of a PH20 hyaluronidase enzyme.

4. The composition according to claim 3, , wherein one or more of the N-terminal or C-

terminal amino acid residues of the variant or fragment of PH20 are deleted.

5. The composition according to claim 4, wherein cleavage is positioned before an amino
acid residue selected from the group consisting of M1 to P42 at the N-terminus such that one or

more residues at the N-terminus are deleted.

6. The composition according to claim 5, wherein the cleavage is positioned before an
amino acid residue L36, N37, F38, R39, A40, P41, or P42 at the N-terminus such that one or

more residues at the N-terminus are deleted.

7. The composition according to claim 6, wherein the cleavage is positioned after an amino
acid residue selected from the group consisting of V455 to L509 at the C-terminus such that one

or more amino acid residues at the C-terminus are deleted.
8. The composition according to claim 7, wherein the cleavage is positioned after an amino

acid residue selected from V455, C458, D461, C464, 1465, D466, A467, F468, K470, P471,
P472, M473, E474, T475, EA76, E477, P478, Q479, 1480, F481, Y482, N483, A484, P486,
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T488, or S490 at the C-terminus such that one or more amino acid residues at the C-terminus are
deleted.

9. The composition according to any one of claims 4-8, wherein the variant or fragment of
PH20 comprises a polypeptide selected from the group set forth as amino acid residues 36-482,
36-477,366-478, 36-479, 36-480, 36-481, and 36-483 of SEQ ID NO: 1.

10.  The composition according to any one of claims 4 to 9, wherein the N-terminus
comprises a human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKW VTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

11.  The composition according to claim 2, wherein the hyaluronidase enzyme is rHuPH20.

12.  The composition according to any one of claims 4-10, wherein the variant or fragment of
PH20 is a peptide having at least 90% sequence identity to a sequence of amino acids set forth as
SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and 36-
483 of SEQ ID NO:1.

13.  The composition according to any one of claims 4-10, wherein the variant or fragment of
PH20 is a peptide having at least 95% sequence identity to a sequence of amino acids set forth as
SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and 36-
483 of SEQ ID NO:1.

14.  The composition according to any one of claims 1-13, wherein the hyaluronidase is

present in the composition in an amount of from 100 U to 50,000 U.

15.  The composition according to any one of claims 1-14, wherein the composition further

comprises one or more pharmaceutically acceptable excipients.

120



WO 2022/015935 PCT/US2021/041755

16.  The composition according to any one of claims 1-15, wherein the composition further

comprises one or more saccharides.

17. The composition according to claim 16, wherein the one or more saccharides is present in

the composition in an amount from 10 mM to 500 mM.

18.  The composition according to any one of claims 1-17, wherein the composition further

comprises one or more amino acids.

19. The composition according to claim 18, wherein the amino acids are selected from

methionine and histidine.

20. The composition according to any one of claims 18-19, wherein the one or more amino

acids is present in the composition in an amount from 1 mM to 100 mM.

21.  The composition according to any one of claims 1-20, wherein the composition further

comprises a buffer.

22.  The composition according to claim 21, wherein the buffer is present in the composition

in an amount sufficient to maintain the composition at a pH from 3.0 to 9.0.

23. The composition according to any one of claims 21-22, wherein the buffer is present in

the composition in an amount of from 1 to 100 mM.
24, The composition according to any one of claims 1-23, wherein the oligonucleotide of the
telomerase inhibitor comprises at least one N3’ P5’ thiophosphoramidate internucleoside

linkage.

25.  The composition according to any one of claims 1-24, wherein the lipid moiety of the

telomerase inhibitor is linked to the 5” and/or 3’ end of the oligonucleotide via a linker.
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26. The composition according to claim 25, wherein the linker is a glycerol or aminoglycerol
linker.
27. The composition according to any one of claims 1-26, wherein the lipid moiety of the

telomerase inhibitor is a palmitoyl (C16) moiety.

28.  The composition according to any one of claims 1-27, wherein the telomerase inhibitor is

imetelstat or a pharmaceutically acceptable salt thereof.

29. The composition according to claim 28 wherein the telomerase inhibitor is imetelstat
sodium.
30. The composition according to any one of claims 1-29, wherein the telomerase inhibitor is

present in the composition at a dosage of from
() about 2.0 mg/kg to 20.0 mg/kg;
(i)  about 3 mg/kg to about 15 mg/kg;
(iii)  about 9 mg/kg to about 11 mg/kg; or
(iv)  about 11 mg/kg to about 14 mg/kg.

31 The composition according to any one of claims 1-29, wherein the telomerase inhibitor is
present in the composition at a dosage

(1) of from about 200 mg to 3000 mg;

(ii) of from about 750 mg to about 2500 mg;

(iii))  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.

32. The composition according to claims 1-31, wherein the composition is lyophilized.

33. A method of treating a subject having a neoplasm, the method comprising

subcutaneously administering to the subject a composition comprising;
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a telomerase inhibitor comprising an oligonucleotide and a lipid moiety linked to the 5’
and/or 3’ end of the oligonucleotide; and

a hyaluronidase enzyme.

34 The method according to claim 33, wherein the neoplasm is a hematologic neoplasm
selected from myelofibrosis (MF), myelodysplastic syndromes (MDS), Essential
Thrombocythemia (ET), Polycythemia vera (PV), Chronic Myelogenous Leukemia (CML),
chronic neutrophilic leukemia, chronic eosinophilic leukemia, and acute myeloid leukemia

(AML).

35. The method according to any one of claims 33 - 34, further comprising diagnosing a

subject as having a hematologic neoplasm.

36. The method according to any one of claims 33 - 35, wherein the composition is

subcutaneously administered to the subject once every 7 days.

37. The method according to any one of claims 33 - 35, wherein the composition is

subcutaneously administered to the subject once every 21 days.

38. The method according to any one of claims 33 - 35, wherein the composition is

subcutaneously administered to the subject once every 28 days.

39.  The method according to any one of claims 33 - 38, wherein the method is repeated 1 or

more times.

40. The method according to any one of claims 33 - 39, wherein the telomerase inhibitor is
administered to the subject at a dosage of from

(1) about 2.0 mg/kg to 20.0 mg/kg;

(i1) about 3 mg/kg to about 15 mg/kg;

(iii)  about 9 mg/kg to about 11 mg/kg; or

(iv)  about 11 mg/kg to about 14 mg/kg.
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41. The method according to any one of claims 33 - 39, wherein the telomerase inhibitor is
ladministered to the subject at a dosage

(1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(iii)  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.

42. The method according to any one of claims 38 - 41, wherein the hyaluronidase enzyme is

a recombinant human hyaluronidase.

43, The method according to any one of claims 38 - 41, wherein the composition comprises a

variant or fragment of a PH20 hyaluronidase enzyme.

44, The method according to claim 43, wherein one or more of the N-terminal or C-terminal

amino acid residues of the variant or fragment of PH20 are deleted.

45. The method according to claim 44, wherein cleavage is positioned before an amino acid
residue selected from the group consisting of M1 to P42 at the N-terminus such that one or more

residues at the N-terminus are deleted.

46. The method according to claim 45, wherein the cleavage is positioned before an amino
acid residue L36, N37, F38, R39, A40, P41, or P42 at the N-terminus such that one or more

residues at the N-terminus are deleted.
47. The method according to claim 44, wherein the cleavage is positioned after an amino acid
residue selected from the group consisting of V455 to L509 at the C-terminus such that one or

more amino acid residues at the C-terminus are deleted.

48. The method according to claim 47, wherein the cleavage is positioned after an amino acid

residue selected from V455, C458, D461, C464, 1465, D466, A467, F468, K470, PA71, P472,
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M473, E474, T475, E476, E477, P478, Q479, 1480, F481, Y482, N483, A484, P486, T488, or

S490 at the C-terminus such that one or more amino acid residues at the C-terminus are deleted.

49. The method according to any one of claims 43-48, wherein the variant or fragment of
PH20 comprises a polypeptide selected from the group set forth as amino acid residues 36-482,
36-477,366-478, 36-479, 36-480, 36-481, and 36-483 of SEQ ID NO: 1.

50.  The method according to any one of claims 43 - 49, wherein the N-terminus comprises a
human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKW VTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

51.  The method according to claim 42, wherein the hyaluronidase enzyme is rHuPH20.

52.  The method according to any one of claims 43 - 50 , wherein the variant or fragment of
PH20 is a peptide having at least 90% sequence identity to a sequence of amino acids set forth as
SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and 36-
483 of SEQ ID NO:1.

53.  The method according to any one of claims 43 - 50 , wherein the variant or fragment of
PH20 is a peptide having at least 95% sequence identity to to a sequence of amino acids set forth
as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and
36-483 of SEQ ID NO:1

54.  The method according to any one of claims 33 - 53 , wherein the hyaluronidase is present

in the composition in an amount of from 100 U to 50,000 U.

55.  The method according to any one of claims 33-53, wherein the composition further

comprises one or more pharmaceutically acceptable excipients.
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56.  The method according to any one of claims 33 - 54, wherein the composition further

comprises one or more saccharides.

57. The method according to claim 56, wherein the one or more saccharides is present in the

composition in an amount from 10 mM to 500 mM.

58.  The method according to any one of claims 33-57, wherein the composition further

comprises one or more amino acids.

59. The method according to claim 58, wherein the amino acids are selected from methionine

and histidine.

60. The method according to any one of claims 57-58, wherein the one or more amino acids

is present in the composition in an amount from 1 mM to 100 mM.

61.  The method according to any one of claims 33-60, wherein the composition further

comprises a buffer.

62.  The method according to claim61, wherein the buffer is present in the composition in an

amount sufficient to maintain the composition at a pH from 3.0 to 9.0.

63.  The method according to any one of claims 61-62, wherein the buffer is present in the

composition in an amount of from 1 to 100 mM.
64. The method according to any one of claims 33-63, wherein the oligonucleotide of the
telomerase inhibitor comprises at least one N3’ P5’ thiophosphoramidate internucleoside

linkage.

65.  The method according to any one of claims 33-64, wherein the lipid moiety of the

telomerase inhibitor is linked to the 5” and/or 3’ end of the oligonucleotide via a linker.
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66. The method according to claim 65, wherein the linker is a glycerol or aminoglycerol

linker.

67.  The method according to any one of claims 33-66, wherein the lipid moiety of the

telomerase inhibitor is a palmitoyl (C16) moiety.

68. The method according to any one of claims 33-67, wherein the telomerase inhibitor is

imetelstat or a pharmaceutically acceptable salt thereof.

69. The method according to claim 68, wherein the telomerase inhibitor is imetelstat sodium.
70. A unit dosage form comprising a hyaluronidase enzyme and a telomerase inhibitor
comprising an oligonucleotide and a lipid moiety linked to the 5” and/or 3” end of the

oligonucleotide.

71. The unit dosage form according to claim 70, wherein the hyaluronidase enzyme is a

recombinant human hyaluronidase.

72. The unit dosage form according to claim 70, wherein the composition comprises a variant

or fragment of a PH20 hyaluronidase enzyme.

73.  The unit dosage form according to any one of claims 70 - 72, wherein one or more of the

N-terminal or C-terminal amino acid residues of the variant or fragment of PH20 are deleted.

74. The unit dosage form according to claim 73 wherein cleavage is positioned before an
amino acid residue selected from the group consisting of M1 to P42 at the N-terminus such that

one or more residues at the N-terminus are deleted.
75. The unit dosage form according to claim 74, wherein the cleavage is positioned before an

amino acid residue L36, N37, F38, R39, A40, P41, or P42 at the N-terminus such that one or

more residues at the N-terminus are deleted.

127



WO 2022/015935 PCT/US2021/041755

76.  The unit dosage form according to claim 75, wherein the cleavage is positioned after an
amino acid residue selected from the group consisting of V455 to L509 at the C-terminus such

that one or more amino acid residues at the C-terminus are deleted.

77. The unit dosage form according to claim 76 wherein the cleavage is positioned after an
amino acid residue selected from V455, C458, D461, C464, 1465, D466, A467, F468, K470,
P471, P472, M473, E474, T475, E476, E477, P478, Q479, 1480, F481, Y482, N483, A484,
P486, T488, or S490at the C-terminus such that one or more amino acid residues at the C-

terminus are deleted.

78.  The unit dosage form according to any one of claims 72 - 77, wherein the variant or
fragment of PH20 comprises a polypeptide selected from the group set forth as amino acid

residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and 36-483 of SEQ ID NO: 1.

79. The unit dosage form according to any one of claims 70-78, wherein the N-terminus
comprises a human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKW VTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.

80.  The unit dosage form according to claim 70, wherein the hyaluronidase enzyme is
rHuPH20.
81. The unit dosage form according to any one of claims 72 - 79, wherein the variant or

fragment of PH20 is a peptide having at least 90% sequence identity to a sequence of amino
acids set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-
480, 36-481, and 36-483 of SEQ ID NO:1.
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82. The unit dosage form according to any one of claims 72 - 79, wherein the variant or
fragment of PH20 is a peptide having at least 95% sequence identity to a sequence of amino
acids set forth as SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-
480, 36-481, and 36-483 of SEQ ID NO:1

83. The unit dosage form according to any one of claims 70 - 82, wherein the hyaluronidase

is present in the composition in an amount of from 100 U to 50,000 U.

84. The unit dosage form according to any one of claims 70-83, wherein the composition

further comprises one or more pharmaceutically acceptable excipients.

85.  The unit dosage form according to claim 84, wherein the composition further comprises

one or more saccharides.

86.  The unit dosage form according to claim 85, wherein the one or more saccharides is

present in the composition in an amount from 10 mM to 500 mM.

87.  The unit dosage form according to any one of claims 84-86, wherein the composition

further comprises one or more amino acids.

88. The unit dosage form according to claim 87, wherein the amino acids are selected from

methionine and histidine.

89. The c unit dosage form according to any one of claims 87-88, wherein the one or more

amino acids is present in the composition in an amount from 1 mM to 100 mM.

90.  The unit dosage form according to any one of claims 84-89, wherein the composition

further comprises a buffer.

91. The unit dosage form according to claim 90, wherein the buffer is present in the

composition in an amount sufficient to maintain the composition at a pH from 3.0 to 9.0.
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92.  The unit dosage form according to any one of claims 90-91, wherein the buffer is present

in the composition in an amount of from 1 to 100 mM.

93.  The unit dosage form according to any one of claims 70-92, wherein the oligonucleotide
of the telomerase inhibitor comprises at least one N3’ P5’ thiophosphoramidate

internucleoside linkage.

94, The unit dosage form according to any one of claims 70-93, wherein the lipid moiety of

the telomerase inhibitor is linked to the 5’ and/or 3 end of the oligonucleotide via a linker.

95.  The unit dosage form according to claim 94, wherein the linker is a glycerol or

aminoglycerol linker.

96. The unit dosage form according to any one of claims 70-95, wherein the lipid moiety of

the telomerase inhibitor is a palmitoyl (C16) moiety.

97.  The unit dosage form according to any one of claims 70-96, wherein the telomerase

inhibitor is imetelstat or a pharmaceutically acceptable salt thereof.

98. The unit dosage form according to claim 97, wherein the telomerase inhibitor is

imetelstat sodium.

99. The unit dosage form according to any one of claims 70-98, wherein the telomerase
inhibitor is present in the composition at a dosage of from

() about 2.0 mg/kg to 20.0 mg/kg;

(i)  about 3 mg/kg to about 15 mg/kg;

(iii)  about 9 mg/kg to about 11 mg/kg; or

(iv)  about 11 mg/kg to about 14 mg/kg.
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100.  The unit dosage form according to any one of claims 70-98, wherein the telomerase
inhibitor is present in the composition at a dosage of from about

(1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(iii))  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.

101. The unit dosage form according to claims 70-100, wherein the composition is liquid.
102. A kit comprising;

a composition comprising a hyaluronidase enzyme, and

a composition comprising a telomerase inhibitor comprising an oligonucleotide and a
lipid moiety linked to the 5” and/or 3” end of the oligonucleotide.

103.  The kit according to claim 102, further comprises an injector.

104.  The kit according to claim 102-103, wherein the composition comprising a telomerase

inhibitor is lyophilized.

105.  The kit according to claim 102-104, wherein the kit further comprises a buffer for

generating a reconstituted liquid composition.

106.  The kit according to any one of claims 102-105, wherein the subcutaneous injector

comprises a needle and syringe.

107.  The kit according to any one of claims 102-105, wherein the subcutaneous injector is a

bolus injector configured to subcutaneously deliver a predetermined amount of the composition.

108.  The kit according to any one of claims 102-107, wherein the hyaluronidase enzyme is a

recombinant human hyaluronidase.
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109.  The kit according to any one of claims 102-108, wherein the composition comprises a

variant or fragment of a PH20 hyaluronidase enzyme.

110.  The kit according to claim 109, wherein one or more of the N-terminal or C-terminal

amino acid residues of the variant or fragment of PH20 are deleted.

111.  The kit according to claim 110, wherein cleavage is positioned before an amino acid
residue selected from the group consisting of M1 to P42 at the N-terminus such that one or more

residues at the N-terminus are deleted.

112.  The kit according to claim 111, wherein the cleavage is positioned before an amino acid
residue .36, N37, F38, R39, A40, P41, or P42 at the N-terminus such that one or more residues

at the N-terminus are deleted.

113.  The kit according to claim 110, wherein the cleavage is positioned after an amino acid
residue selected from the group consisting of V455 to L509 at the C-terminus such that one or

more amino acid residues at the C-terminus are deleted.

114.  The kit according to claim 113, wherein the cleavage is positioned after an amino acid
residue selected from V455, C458, D461, C464, 1465, D466, A467, F468, K470, P471, P472,
M473, E474, T475, E476, E477, P478, Q479, 1480, F481, Y482, N483, A484, P486, T488, or

S490 at the C-terminus such that one or more amino acid residues at the C-terminus are deleted.

115.  The kit according to claim 108, wherein the hyaluronidase enzyme is rHuPH20.

116.  The kit according to any one of claims 108 - 115 wherein the N-terminus comprises a
human growth hormone-derived signal peptide having an amino acid sequence
MATGSRTSLLLAFGLLCLPWLQEGSA of SEQ ID NO: 3, a human serum albumin-derived
signal peptide having an amino acid sequence MKWVTFISLLFLFSSAYS of SEQ ID NO: 4, or
a human Hyal1-derived signal peptide having an amino acid sequence

MAAHLLPICALFLTLLDMAQG of SEQ ID NO: 5.
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117.  The kit according to any one of claims 108-114, wherein the variant or fragment of PH20
is a peptide having at least 90% sequence identity to a sequence of amino acids set forth as SEQ
ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and 36-483
of SEQ ID NO:1.

118.  The kit according to any one of claims 108-114, wherein the variant or fragment of PH20
is a peptide having at least 95% sequence identity to to a sequence of amino acids set forth as
SEQ ID NO:1 or amino acid residues 36-482, 36-477, 366-478, 36-479, 36-480, 36-481, and 36-
483 of SEQ ID NO: 1.

119.  The kit according to any one of claims 102-118, wherein the hyaluronidase is present in

the composition in an amount of from 100 U to 50,000 U.

120.  The kit according to any one of claims 102-119, wherein the composition further

comprises one or more pharmaceutically acceptable excipients.

121.  The kit according to any one of claims 102-120, wherein the composition further

comprises one or more saccharides.

122.  The kit according to claim 121, wherein the one or more saccharides are present in the

composition in an amount from 10 mM to 500 mM.

123.  The kit according to any one of claims 102-122, wherein the composition further

comprises one or more amino acids.

124.  The kit according to claim 123, wherein the composition comprises an amino acid

selected from methionine or histidine.

125.  The kit according to any one of claims 123 - 124, wherein the one or more amino acids is

present in the composition in an amount from 1 mM to 100 mM.
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126.  The kit according to any one of claims 102-125, wherein the composition further

comprises a buffer.

127.  The kit according to claim 126, wherein the buffer is present in the composition in an

amount sufficient to maintain the composition at a pH from 3.0 to 9.0.

128.  The kit according to any one of claims 126-127, wherein the buffer is present in the

composition in an amount of from 1 to 100 mM.
129.  The kit according to any one of claims 102-128, wherein the oligonucleotide of the
telomerase inhibitor comprises at least one N3’ P5’ thiophosphoramidate internucleoside

linkage.

130.  The kit according to any one of claims 102-129, wherein the lipid moiety of the

telomerase inhibitor is linked to the 5” and/or 3” end of the oligonucleotide via a linker.

131. The kit according to claim 130, wherein the linker is a glycerol or aminoglycerol linker.

132.  The kit according to any one of claims 102-131, wherein the lipid moiety of the

telomerase inhibitor is a palmitoyl (C16) moiety.

133, The kit according to any one of claims 102-132, wherein the telomerase inhibitor is

imetelstat or a pharmaceutically acceptable salt thereof.

134.  The kit according to claim 133, wherein the telomerase inhibitor is imetelstat sodium.
135.  The kit according to any one of claims 102-134, wherein the telomerase inhibitor is
present in the composition at a dosage of from

(1) about 2.0 mg/kg to 20.0 mg/kg;
(i1) about 3 mg/kg to about 15 mg/kg;
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(iii)  about 9 mg/kg to about 11 mg/kg; or
(iv)  about 11 mg/kg to about 14 mg/kg.

136.  The kit according to any one of claims 102-134, wherein the telomerase inhibitor is
present in the composition at a dosage

(1) of from about 200 mg to 3000 mg;

(i1) of from about 750 mg to about 2500 mg;

(iii))  of from about 1000 mg to about 2000 mg; or

(iv)  of from about 500 mg to about 2000 mg.
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