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BASIC CHEMOTHERAPEUTIC INTRATUMOUR INJECTION FORMULATION

FIELD OF THE INVENTION

[0001] The invention is directed to pharmaceutical formulations of basic chemotherapeutic
injections for use in direct injection into a malignant mass in a mammal suffering from cancer or sarcoma

(e.g., human) disease and methods for production thereof.

BACKGROUND OF THE INVENTION

[0002] Cancer is a group of diseases involving abnormal cell growth with the potential to invade

or spread to other parts of the body.

[0003] Cancer can spread from its original site by local spread, lymphatic spread to regional
lymph nodes or by hematogenous spread via the blood to distant sites. The dispersed tumors are called
metastatic tumors, while the original is called the primary tumor. Almost all cancers can metastasize and
metastasis is common in the late stages of cancer and can occur via the blood or the lymphatic system or
both. The typical steps in metastasis are local invasion, intravasation into the blood or lymph, circulation
through the body, extravasation into the new tissue, proliferation and angiogenesis. When cancer spreads
by a hematogenous route, it usually spreads all over the body. Different types of cancers tend to
metastasize to particular organs, but overall, the most common places for metastases to occur are the

lungs, liver, brain and the bones. Metastases are a major cause of death from cancer.

[0004] Some of the most common cancer types, such as breast cancer, cervical cancer, oral
cancer, and colorectal cancer, have high cure rates when detected early and treated according to best
practices. The primary goal is generally to cure cancer or to considerably prolong life. Improving the
patient's quality of life is also an important goal. This can be achieved by supportive or palliative care and
psychosocial support.

[0005] Cancer is often treated with some combination of radiation therapy, surgery,
chemotherapy and targeted therapy (heated or cold method). Palliative care is particularly important in
people with advanced disease. Surgery is a traditional approach in which all or part of a tumor is removed
from the body. Surgery generally is only effective for treating the earlier stages of cancer. For more than
50% of cancer individuals, by the time they are diagnosed they are no longer candidates for effective
surgical treatment. Even when surgical options are available, there is still risk as surgical procedures may
increase tumor metastases through blood circulation during surgery. Most cancer patients do not die from

the cancer at the time of diagnosis or surgery, but rather die from the metastasis and the recurrence of the
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cancer. For advanced cancer, the chance of survival is small without a new formulation and/or a new

method of treatment.

[0006] Chemotherapy works by killing, stopping or slowing the growth of cancer cells, which
grow and divide quickly. Chemotherapy can be used to shrink tumors that are causing pain and other
problems. However, chemotherapy not only kills fast-growing cancer cells, but also kills or slows the
growth of healthy cells that grow and divide quickly. As cancer cells do not have great differences from
normal cells, anticancer drugs, whether given orally or by injection, can kill both cancer cells and normal
cells. In fact, chemotherapy can kill more normal cells than cancer cells because there are a greater
number of normal cells in the body. Examples are cells that grow and divide quickly are those that line
the mouth and intestines and those that cause hair to grow. Damage to healthy cells may cause side
effects, such as mouth sores, nausea, and hair loss. Such side effects often get better or go away after

chemotherapy has been completed.

[0007] Other known therapies to treat cancer are also often ineffective. Radiation therapy is only
effective for individuals who present with clinically localized disease at early and middle stages of
cancer. Radiation is not effective for the late stages of cancer with metastasis. For advanced cancers for
which surgery is no longer an option, doctors may prescribe a chemotherapeutic drug to be administered
orally or by intravenous injection to eradicate the cancer cell. Chemotherapeutic drugs have been divided
into water soluble drugs and water insoluble drugs. Almost all water-soluble chemotherapeutic drugs
(including most anthracyclines) are acidic salts which are made by a strong acid and a weak basic

chemical. All anthracycline bases, for example, are insoluble in water.

[0008] Most basic chemicals such as daunorubicin, doxorubicin, epirubicin, amrubicin,
mitoxantrone, vinblastine, vincristine, vindesin, eribulin, mechlorethamine and bendamustine are unstable
chemicals and are insoluble in water but are slightly soluble in an organic liquid. Therefore, most basic
chemicals are reacted with an acid to form an acidic salt which is stable at room temperature, soluble in
water and suitable to be made into an intravenous injection. The soluble salts available on the market are
anthracycline hydrochloride, vinca alkaloids sulfate, eribulin mesylate, and nitrogen mustards

hydrochloride.

[0009] Most drugs pass through the cell membrane by lipid diffusion to take effect on the cell.
Most water-soluble drugs are weak acids, so the drugs exist in the form of non-dissociation type and
dissociation type in solution. Only the non-dissociated drugs can dissolve into the lipid membrane and
pass through the biomembrane easily due to their high lipid solubility. In contrast, dissociated drugs do
not easily pass through the biomembrane due to their low lipid solubility, and as a result, they are limited
to one side of the membrane, forming “ion trapping”. Therefore, the degree of drug dissociation is another

important factor affecting the lipid solubility and diffusion of drugs. Though some drugs are water soluble
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and can be made into an intravenous injection, the drug will not be able to pass through the cell

membrane of the cancer cell.
[0010] The main factors affecting the lipolysis and diffusion of drugs are:

1) The area of the membrane and the concentration difference on both sides of the membrane: the larger
the membrane area, the faster the diffusion; the higher the concentration on one side of the lipid
membrane, the faster the diffusion speed, until the concentration on both sides of the membrane is the

same, at which time, the diffusion stops.

2) Lipid solubility of the drug: In general, the larger the partition coefficient, the more the drug dissolves
into the lipid membrane, the faster the diffusion. However, the drug must first be dissolved in body fluid
to reach the cell membrane, so the low water content of the injection is also not conducive to the drug

passing through the cell membrane.

3) Dissociation type: Only non-dissociative drugs can dissolve into the lipid membrane and pass through

the biomembrane easily because of their high lipid solubility.

4) The pKa of the drug and the pH of the environment will ultimately determine the degree of drug
dissociation: PKA is the negative logarithm of the dissociation constant (KA), and Ka is the pH of the
solution when the drug is dissociated by 50%. Each drug has its own pKa, which is the attribute of the
drug itself, and has nothing to do with the weak acid or weak base of the drug.

[0011] To facilitate the use of a water insoluble active pharmaceutical ingredient (API) in an
intravenous formulation that will be injected into the blood, a medical scientist will select a water-soluble
form of the API to make the intravenous formulation. Most of the chemotherapeutic drugs on the market

are water soluble.

[0012] In the past, many doctors have attempted administration of anticancer drugs directly into
malignant masses. However, most anticancer drugs are formulated for intravenous administration and are
water soluble injections. Therefore, these drugs when injected into a malignant mass have difficulty
penetrating the cell membrane. Further, water soluble anticancer drugs have difficulty staying in the
interspace of cancer cells because their solubility means they will be carried away by the blood capillary

of the tumor. Therefore, water-soluble anticancer drugs had little effect against the cancer cell.

[0013] Anthracyclines are made into water soluble drugs by reacting the anthracycline with
hydrochloric acid, such as doxorubicin hydrochloride, epirubicin hydrochloride, amrubicin
hydrochloride, mitoxantrone hydrochloride and daunorubicin hydrochloride. Water soluble
anthracycline can be injected into veins or injected intra-arterially. When a water insoluble
chemotherapeutic drug cannot be made into hydrochloride salt, it is instead made into an emulsion or in a

formulation consisting of an excipient such as alcohol, PEG, polysorbate, albumin or a mixture thereof.
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These excipients make the drug soluble or dispersible in water, for example, paclitaxel albumin and

paclitaxel emulsion.

[0014] Most anthracycline anticancer drugs in the market are hydrochloride salts of anthracycline
including doxorubicin hydrochloride injection, epirubicin hydrochloride injection, amrubicin
hydrochloride injection, mitoxantrone hydrochloride injection and daunorubicin hydrochloride injection,
etc. Anthracycline hydrochlorides that are soluble in water have difficulty reaching their target cancer
cells by chance because there are more normal cells than cancer cells. Water soluble anthracycline
hydrochlorides also have difficulty passing through the cell membrane of cancer cells because cancer cell
membranes are hydrophobic. In addition, water soluble anthracycline hydrochlorides have difficulty
staying in the interspace of cancer cells because anthracycline hydrochlorides will be carried away by the
blood capillary of the tumor.

[0015] In order to raise the cure rate of water-soluble anthracycline hydrochloride injections,
scientists have developed different kinds of liposomes in the hope that a hydrophilic drug contained in a
double lipid layer capsules can pass through the cell membrane of the cancer cell easily. Unfortunately,
the result has not been good because the anthracycline hydrochloride liposome injections can enter both
normal and cancer cells and can kill both normal cells and cancer cells due to the similarities between
normal cells and cancer cells. Little improvement in cancer cure rate has been seen since the appearance
of liposome injections onto the market, particularly because the adverse effects (e.g. the death of normal
cells) prevent the patient from receiving sufficient amounts of anthracycline hydrochloride therapy. For
advanced cancer, where doctors use chemotherapeutic agents to prolong life and/or improve the patient's
quality of life, new formulations and new ways of treatment for the cure of cancer are still needed.

[0016] Anthracyclines are anticancer drugs that were originally derived from Streptomyces
bacteria. Their anti-tumor activity was established in the 1960s. Anthracyclines are red aromatic
polyketides and occur in a variety of forms due to the structural differences in the aglycone base molecule
and the different sugar residues attached. These drugs are non-cell-cycle specific. Daunorubicin and
doxorubicin were early chemotherapy agents in this class. When doctors found that tumors developed
resistance to those drugs and that side effects, including cardiotoxicity, limited doses that patients could
handle, medicinal chemists tried to find modifications of these drugs - analogs with wider activity and
lower toxicity. More than 2000 analogs have been studied over the years in an effort to find better
anthracyclines. However, only very few anthracycline analogs like epirubicin and idarubicin have been
approved for clinical use. Cardiac toxicity remains a major concern when using anthracyclines
intravenously.

[0017] Daunorubicin hydrochloride is the hydrochloride salt of daunorubicin which was produced
by a strain of Streptomyces coeruleorubidus. Daunorubicin hydrochloride is soluble in water. Its

molecular formula is C2;H20NO10*HCI with a molecular weight of 564. It is a hygroscopic crystalline
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powder. The pH of a 5 mg/mL aqueous solution is 3 to 4. It is provided as a deep red sterile liquid in
vials for intravenous administration only. Each mL contains 5.34 mg of daunorubicin hydrochloride, 9 mg
sodium chloride; sodium hydroxide and/or hydrochloric acid (to adjust pH), and 99% of it is water for
injection. The daunorubicin hydrochloride is administered intravenously in the treatment of acute
lymphoblastic leukemia and acute myelogenous leukemia. Daunorubicin liposome preparation consists of
the citrate salt and it is administered intravenously in the treatment of advanced Kaposi's sarcoma
associated with acquired immunodeficiency syndrome (AIDS).

[0018] Doxorubicin Hydrochloride is the hydrochloride salt of doxorubicin, an anthracycline
antibiotic with antineoplastic activity. Its molecular weight is 580 and its molecular formula is
C27H20NO1; HCL. It is soluble in water. The pH of the aqueous solutions of 5mg /ml is 4.0-5.5.
Doxorubicin Hydrochloride Injection, USP is a clear, red, sterile, isotonic aqueous solution provided in
vials containing 10 mg/5 mL, 20 mg/10 mL, 50 mg/25 mL, 150 mg/75 mL, or 200 mg/100 mL of
doxorubicin HCI. Each milliliter of solution contains 2 mg of doxorubicin HCI. Inactive ingredients
include sodium chloride 0.9%, and 99% of the solution is water for injection. The pH of the solution is
adjusted to 3.0 with hydrochloric acid. Doxorubicin HCl is indicated as a component of multi-agent
adjuvant chemotherapy for treatment of women with axillary lymph node involvement following
resection of primary breast cancer, acute lymphoblastic leukemia, acute myeloblastic leukemia, Hodgkin
lymphoma, non-Hodgkin lymphoma, metastatic breast cancer, metastatic Wilms' tumor, Kaposi's
sarcoma, metastatic neuroblastoma, metastatic soft tissue sarcoma, metastatic bone sarcoma, metastatic
ovarian carcinoma, metastatic transitional cell bladder carcinoma, metastatic thyroid carcinoma,

metastatic gastric carcinoma, metastatic bronchogenic carcinoma by intravenous injection.

[0019] Doxorubicin intercalates between base pairs in the DNA helix, thereby preventing DNA
replication and ultimately inhibiting protein synthesis. The recommended dose of doxorubicin HCI for
adjuvant breast cancer is 60 mg/m> administered as an intravenous bolus on day 1 of each 21-day
treatment cycle, in combination with cyclophosphamide, for a total of four cycles. The analog of
doxorubicin on the market is doxorubicin hydrochloride. The formulation may be doxorubicin

hydrochloride injection liquid, liposome or doxorubicin hydrochloride injection powder.

[0020] Epirubicin is an epimer of doxorubicin and differs only from doxorubicin in the orientation
of the C-4 hydroxyl group on the sugar. The available epirubicin product on the market is epirubicin
hydrochloride, which is used in the treatment of gastric and breast cancer and is also indicated for the
treatment of carcinoid, endometrial, lung, ovarian, esophageal and prostate cancers, as well as soft tissue
sarcomas. Epirubicin hydrochloride is the hydrochloride salt of epirubicin, an anthracycline antibiotic with
antineoplastic activity. Its molecular weight is 580 and its molecular formula is C27H3oCINO1;1. It is soluble

in water. The pH of the aqueous solutions of epirubicin hydrochloride Smg /ml is 4.0-5.5. Epirubicin
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hydrochloride is an anthracycline cytotoxic agent, intended for intravenous administration. Epirubicin
hydrochloride is supplied as a sterile, clear, red solution and is available in polypropylene vials containing
50 and 200 mg of epirubicin hydrochloride as a preservative-free, ready-to-use solution. Each milliliter of
solution contains 2 mg of epirubicin hydrochloride. Inactive ingredients include sodium chloride and water

for injection.

[0021] Mitoxantrone, a DNA-reactive agent that intercalates into DNA through hydrogen bonding,
causes crosslinks and strand breaks. Mitoxantrone also interferes with ribonucleic acid (RNA) and is a

potent inhibitor of topoisomerase I1, an enzyme responsible for uncoiling and repairing damaged DNA.

[0022] The molecular weight of mitoxantrone hydrochloride is 517.4 g/mol and its molecular
formula is C22H30Cl2N4Og The product of mitoxantrone on the market is Mitoxantrone Hydrochloride
Injection, which should be administered slowly into a freely flowing intravenous infusion. It must never be
administered subcutaneously, intramuscularly, or intra-arterially. Mitoxantrone is used for advanced
prostate cancer not responding to hormone treatment, acute myelogenous leukemia, breast cancer, Non-
Hodgkin's lymphoma. Mitoxantrone Injection, USP (concentrate) is supplied as a concentrate that must be
diluted prior to injection. The concentrate is a sterile, non-pyrogenic, dark blue aqueous solution containing
mitoxantrone hydrochloride equivalent to 2 mg/ml mitoxantrone free base, with the following inactive
ingredients: sodium chloride (0.800% w/v), sodium acetate (0.005% w/v), acetic acid (0.046% w/v), and

water for injection. The solution has a pH of 3.0 to 4.5.

[0023] Amrubicin hydrochloride has the molecular formula of C2sHxCINOy and its molecular
weight is 519.94. Amrubicin is a synthetic 9-amino-anthracycline with antineoplastic activity. Amrubicin
intercalates into DNA and inhibits the activity of topoisomerase II, resulting in inhibition of DNA
replication, and RNA and protein synthesis, followed by cell growth inhibition and cell death. This agent
has demonstrated a higher level of anti-tumor activity than conventional anthracycline drugs without
exhibiting any indication of the cumulative cardiac toxicity common to this class of compound. Amrubicin
is not soluble in water, but soluble in DMSO. Its molecular weight is 483.5 g/mol and the molecular formula

is CstzsNOg.

[0024] Anthracyclines inhibit cancer through multiple pathways. For example, anthracyclines
inhibit synthesis of DNA and some anthracyclines appear to inhibit the topoisomerase I enzyme.
Anthracyclines are considered non-cell cycle specific drugs and are used on a wide range of cancers. Their
major drawback is toxicity on heart muscle. Anthracycline hydrochloride is soluble in water, but

anthracycline base is not soluble in water.

[0025] The side effects of anthracyclines, like other conventional chemotherapeutic agents, are

linked to their cytotoxicity to non-malignant, proliferating normal cells and include nausea, vomiting, and
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alopecia. However, the major toxicities of anthracyclines, such as cardiotoxicity (e.g. cardiomyopathy and
congestive heart failure) and myelosuppression, are major limitations on the use of these drugs.
Anthracyclines such as doxorubicin also can cause severe local tissue necrosis. Anthracycline-induced-
cardiotoxicity is irreversible and thus is an especially important consideration when considering use of these

drugs in the treatment of malignancies in patients.

[0026] Strategies to limit the cardiotoxic effects of anthracyclines are being employed, including
limiting the overall dosage, encapsulation into liposomes, combination treatment, use of cardio-protector

medications, and synthesis of less harmful modified anthracyclines.

[0027] The extreme side effects of anticancer drugs are caused by the poor target specificity of such
drugs, such that the drugs circulate through most normal organs of patients as well as intended target
tumors. The poor target specificity causing side effects also results in decrease of the efficacy of
chemotherapy because only a fraction of the drug is correctly targeted to target tumor cells. The efficacy of

chemotherapy is further decreased by poor retention of the anti-cancer drugs within the target tumors.

[0028] Vinca alkaloid antineoplastic drugs are alkaloids extracted from catharanthus roseus of
apocynaceae alkaloids that are medically available and have been used in clinics, include vinblastine,
vincristine, vindesine, vinflunine and vinorelbine. Binding of the vinca alkaloids to the binding site of
tubulin interrupts microtubule segregation, Studies have shown that the cytotoxicity of vinca alkaloid
antineoplastic drugs is achieved by binding with tubuline, thus stopping the mitosis and proliferation of
cancer cells. In addition to nuclear collapse and vacuolar vacuolization, vinca alkaloid antineoplastic drugs
can also act on the cell membrane, interfere with the transport of amino acids by the cell membrane, inhibit
protein synthesis and RNA synthesis by inhibiting the activity of the RNA synthesis enzyme, and can kill

cancer cells in many ways.

[0029] Vinca alkaloid antineoplastic drugs that are medically available are vinca alkaloid sulfate
injections which are aqueous injections, such as vinblastine sulfate injection, vincristine sulfate injection,
vindesine sulfate injection, etc. Vinblastine sulfate injection, vincristine sulfate injection and vindesine
sulfate injection are all water soluble and their side effects include blood problems, nervous system

problems and loss of hair.

[0030] Vinblastine sulphate is amorphous powder or crystalline powder which is white to light
yellow. It is very slightly soluble in ethanol and practically insoluble in ether. One patt is soluble in 10 parts
of water. The molecular formula of vinblastine sulphate is C4sHssN4O9.H>SO4 and the molecular weight is

909.05.

[0031] Vinblastine sulfate is indicated in the palliative treatment of e.g. the following diseases :

Hodgkin's disease, lymphocytic lymphoma, histiocytic lymphoma, mycosis fungoides, advanced carcinoma



WO 2021/211294 PCT/US2021/025006

of the testis, Kaposi's sarcoma, Letterer-Siwe disease (histiocytosis X), carcinoma of the breast unresponsive
to appropriate endocrine hormonal and surgery therapy, and choriocarcinoma resistant to other

chemotherapeutic agents. The major adverse effect of vinblastine is hematologic toxicity.

[0032] Vinblastine has some immunosuppressant effect. The major route of excretion may be
through the biliary system. Following IV administration, the drug is rapidly cleared from the blood and
distributed into body tissues. Vinblastine sulfate crosses the blood brain barrier poorly and does not appear
in the CSF in therapeutic concentrations. Vinblastine is reported to be extensively metabolized, primarily in
the liver to de-acetylvinblastine, which is more active than the parent compound on a weight basis.
Pharmacokinetic studies in patients with cancer have shown a triphasic serum decay pattern following rapid
intravenous injection. The initial, middle, and terminal half-lives are 3.7 minutes, 1.6 hours, and 24.8 hours,
respectively. The antitumor activity of vinblastine is thought to be due primarily to inhibition of mitosis at
metaphase through its interaction with tubulin. Vinblastine binds to the micro tubular proteins of the mitotic
spindle, leading to crystallization of the microtubule and mitotic arrest or cell death. In high concentrations,
vinblastine also exerts complex effects on nucleic acid and protein synthesis. Vinblastine reportedly also
interferes with amino acid metabolism by blocking cellular utilization of glutamic acid and thus

inhibits purine synthesis, the citric acid cycle, and the formation of urea. The vinblastine sulfate product
currently available on the market is only for IV injection and there is no vinblastine base injection product

on the market, nor is there an intratumor injection product on the market.

[0033] Vincristine binds irreversibly to microtubules and spindle proteins in S phase of the cell
cycle and interferes with the formation of the mitotic spindle, thereby arresting the division of tumor cells in
metaphase. This agent also depolymerizes microtubules and may also interfere with amino acid, c-AMP,
glutathione metabolism, cellular respiration, nucleic acid and lipid biosynthesis. It is used commonly as the
corresponding sulfate salt, as an intravenous chemotherapy drug for the treatment of leukemia, lymphoma,

myeloma, breast cancer, head and neck cancer.

[0034] The molecular formula of vincristine is C4¢HssN4O1o and its molecular weight is 825. It is a
powder at room temperature and its LDso i.p. in mice is 5.2 mg/kg. Vincristine is practically insoluble

in water and the solubility in water is 2.27 mg/L at 25 °C. It is soluble in alcohol, acetone, and chloroform.

[0035] Vincristine sulfate is a white to slight yellow amorphous or crystalline powder and is freely
soluble in water. It is practically insoluble in ether and is slightly soluble in alcohol. The molecular formula

of vincristine sulfate is C4sHssN4O10.H2SO4 and its molecular weight is 923.

[0036] The product of vincristine sulfate on the market is for IV injection. Vincristine sulfate
injection is indicated in acute leukemia. Vincristine sulfate injection has also been shown to be useful in

combination with other oncolytic agents in Hodgkin's disease, non-Hodgkin's malignant lymphomas,
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rhabdomyosarcoma, neuroblastoma, and Wilms' tumor. Vincristine is used as a component of various
chemotherapeutic regimens for the palliative treatment of neuroblastoma. Vincristine sulfate injections

contain more than 95% of water by volume.

[0037] Vindesine sulfate is the sulfate salt of vindesine. Vindesine binds to and stabilizes tubulin,
thereby interrupting tubulin polymerization and preventing the formation of the mitotic spindle and cell
division; treated cells are unable to undergo mitosis and are arrested in metaphase. Its molecular weight is
852 g/mol. Its molecular formula is C3HssNsO7.H2SO4. Acute shortness of breath and severe bronchospasm
have frequently been reported with combination therapy including vinca alkaloids; the reaction may occur
within minutes or several hours after the vinca alkaloid is injected. Neurologic toxicity may occur early in

treatment and may be more severe if used concomitantly with other drugs having a neurotoxic potential.

[0038] The product of vindesine sulfate on the market is for IV injection. Vindesine sulfate
injections is an aqueous solution and is indicated for the treatment of acute lymphocytic leukemia of
childhood that is resistant to vincristine and non-oat cell lung cancer. Vindesine causes the arrest of cells in

metaphase mitosis.

[0039] Alkylating agents are compounds that work by adding an alkyl group to the guanine base of
the DNA molecule, preventing the strands of the double helix from linking, which in turn causes breakage
of the DNA strands, affecting the ability of the cancer cell to multiply. Eventually, the cancer cell dies. The
special alkylating agents of known nitrogen mustards include bendamustine, chlorambucil, ifosfamide,
cyclophosphamide, mechlorethamine, melphalan. All of these nitrogen mustards can be made into an

intratumor injection.

[0040] Mechlorethamine is nitrogen mustard. The molecular formula is CsH;1C:N and the
molecular weight is 156 g/mol. Mechlorethamine is a synthetic agent related to sulphur mustard with
antineoplastic and immunosuppressive property. It is a colorless to yellow liquid. It is very slightly soluble
in water; miscible with dimethyl formamide, carbon disulfide, carbon tetrachloride and many organic
solvents and oils. Nitrogen mustards form salts with hydrochloric acid, which are freely soluble in water and

their toxic action is equivalent to the initial nitrogen mustard.

[0041] Mechlorethamine hydrochloride injection is an antineoplastic agent for intravenous use that
has been in clinical use for more than 60 years, given systemically in combination with other antineoplastic
agents to treat Hodgkin disease, chronic leukemias, lung cancer and polycythemia vera. Currently, however,
it is used largely as a topical gel for therapy of cutaneous T-cell lymphomas and mycosis fungoides, also for

the palliative treatment of metastatic carcinoma resulting in effusion.

[0042] Bendamustine Hydrochloride has a molecular formula of CsH22C13N30- and its molecular

weight is 394.7g/mol. Bendamustine hydrochloride is soluble in water. Bendamustine HCL injection is for
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intravenous administration in the treatment of chronic lymphocytic leukemia and refractory forms of non-
Hodgkin lymphoma. Bendamustine intravenous therapy is associated with minor transient serum enzyme
elevations during treatment and rare instances of clinically apparent liver injury. Bendamustine also has
potent immunosuppressive activity and can cause reactivation of chronic hepatitis B that can be severe and
even fatal. The side effects of water-soluble anticancer drugs are caused by the poor target specificity of
such drugs, such that the drugs circulate through most normal organs of patients as well as intended target
tumors. The poor target specificity also results in decrease of the efficacy of chemotherapy because only a
fraction of the drug is correctly targeted to target tumor cells. The efficacy of chemotherapy is further

decreased by poor retention of the acidic anti-cancer drugs within the target tumors.

[0043] There are many injectable chemotherapeutic formulations approved for marketing in the
U.S., e.g., doxorubicin hydrochloride injection, doxorubicin hydrochloride liposome injection, daunorubicin
hydrochloride injection, epirubicin hydrochloride injection, amrubicin hydrochloride, mitoxantrone
hydrochloride injection, eribulin mesylate, cisplatin, oxaliplatin, fluorouracil injection and daunorubicin

liposome injection.

[0044] It is a goal of the present invention to provide a delivery system and method capable of
administering chemotherapy, and in particular anthracyclines, directly to a malignant mass in a mammal

(e.g., human), providing a maximum killing effect without the severe side effects.

OBJECTS AND SUMMARY OF THE INVENTION

[0045] It is an object of the present invention to provide formulations and methods for treating a

malignant mass in an animal.

[0046] It is another object of the present invention to provide methods of manufacturing a basic

chemotherapeutic intratumor injection.

[0047] It is another object of the present invention to provide a method for administering
anthracycline base to animals (e.g., humans) which reduces the untoward side effects currently experienced

with the administration of intravenous injection.

[0048] It is another object of the present invention to provide a method for administering

anthracycline base to animals (e.g., humans), which increase the cure rate of chemotherapy.

[0049] It is another object of the present invention to provide a method for administering a vinca
alkaloid base to an animal (e.g., human) which reduces the untoward side effects currently experienced with

the administration of an intravenous injection and raises the cure rate of the anticancer therapy.

10
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[0050] It is another object of the present invention to provide a method for administering a basic
alkylating agent to an animal (e.g., human), which reduces the untoward side effects currently experienced

with the administration of an intravenous injection and raises the cure rate of the anticancer therapy.

[0051] It is another object of the present invention to provide stable formulations of basic
anthracyclines, of basic eribulin, of basic vinca alkaloids, or of basic alkylating agents which are useful in

the methods of the present invention.

[0052] It is another object of the invention to produce a chemotherapeutic base injection having a
high concentration of basic chemotherapeutic drug, an evenly distributed solution, a solution free of bacteria

and having a simple method of production.

[0053] In accordance with the above objects and others, the present invention is directed to a
method of treating a malignant mass in a mammal, comprising administering an injectable formulation
comprising a drug consisting of a therapeutically effective amount of a basic chemotherapeutic druge,
wherein the drug is dissolved, suspended or dispersed in a biocompatible carrier directly into the malignant
mass. In certain preferred embodiments, the formulation comprises a stable form of a basic anthracycline, a

basic vinca alkaloid, a basic eribulin or a basic alkylating agent.

[0054] The present invention is also directed to an injectable pharmaceutical formulation
comprising a drug consisting of an anthracycline(s) base (e.g. daunorubicin base, doxorubicin base,
epirubicin base, amrubicin base or mitoxantrone base), wherein the drug is dissolved or suspended in a
pharmaceutically acceptable carrier for administration directly into a malignant mass in a mammal (e.g.,
human). In certain preferred embodiments, the injectable pharmaceutical formulation is stable. In certain
embodiments, the formulation is a solution, a suspension or a water in oil emulsion. In certain embodiments,
the anthracycline base is in a water in emulsion which comprises a small amount of an aqueous solution of
sodium chloride and acetic acid dispersed in an oleic acid and ethanol mixture as microspheres, wherein the
acetic acid acts as a buffer to increase the solubility of the basic anthracycline in the organic solvent. In
certain preferred embodiments, the basic anthracycline is a water in oil nano emulsion of the injectable
pharmaceutical formulation and is stable. In preferred embodiments of the formulation (e.g. daunorubicin
formulation), the amount of water in the nano emulsion is more than 4% but less than 15% of the volume of

the emulsion injection.

[0055] The present invention is also directed to an injectable pharmaceutical formulation
comprising a drug consisting of a vinca alkaloid base (e.g. vinblastine base, vincristine base or vindesine
base), wherein the drug is dissolved or suspended in a pharmaceutically acceptable carrier for administration
directly into a malignant mass in a mammal (e.g., human). In certain preferred embodiments, the injectable

pharmaceutical formulation is stable. In certain embodiments, the formulation is a solution, a suspension or

11
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a water in oil emulsion. In certain embodiments, the vinca alkaloid base is in a water in oil emulsion which
comprises a small amount of an aqueous solution of sodium sulfate and acetic acid dispersed in a mixture of
ethanol and an oleic acid, glycerol or median chain triglyceride as microspheres, wherein the acetic acid acts
as the buffer to increase the solubility of the base in the organic solvent. In certain preferred embodiments,
the basic vinca alkaloid base is a water in oil nano emulsion of the injectable pharmaceutical formulation
and is stable. In certain preferred embodiments, the amount of water in the water in oil emulsion of vinca

alkaloid base is from about 1 to about 10 % of the volume of the emulsion.

[0056] The present invention is also directed to an injectable pharmaceutical formulation of a drug
comprising an alkylating basic drug dissolved or suspended in a pharmaceutically acceptable carrier for
administration directly into a malignant mass in a mammal (e.g., human). In certain preferred embodiments,
the injectable pharmaceutical formulation is stable. In certain preferred embodiments, the alkylating basic
drug is a mechlorethamine base. In certain preferred embodiments, the alkylating basic drug is a
bendamustine base. Such formulation may be a solution, suspension or water in oil emulsion. In certain
embodiments, the alkylating basic drug is in a water in oil emulsion which comprises a small amount of an
aqueous solution of sodium chloride and acetic acid dispersed in a mixture of ethanol and an oleic acid,
glycerol or median chain triglyceride as microspheres, wherein the acetic acid acts as a buffer to increase the
solubility of the base in the organic solvent. In certain preferred embodiments, the water in oil nano
emulsion of the injectable pharmaceutical formulation is stable. In certain preferred embodiments, the
amount of water in the water in oil emulsion of the basic alkylating drug is from about 1% to about 10% of

the volume of the emulsion.

[0057] The present invention is also directed to an intratumor injectable formulation comprising a
basic chemotherapeutic drug selected from the group consisting of an anthracycline base, a vinca alkaloid
base, eribulin base, and an alkylating agent base and a pharmaceutically acceptable biocompatible carrier for
injection of the drug selected from the group consisting of PEG, an oleic acid, an alcohol, a glycerin, a
median chain triglyceride, a vegetable oil, and mixtures thereof, wherein the intratumor injectable
formulation is a solution, suspension or water in oil emulsion. In certain embodiments, the basic
chemotherapeutic drug of the intratumor injectable formulation of the present invention can be a vinca
alkaloid base selected from the group consisting of vinblastine, vincristine, vindesine and mixtures thereof,
an anthracycline base selected from the group consisting of doxorubicin, epirubicin, daunorubicin,
mitoxantrone, idarubicin, amrubicin, aclarubicin and valrubicin and mixtures thereof; or an alkylating agent
base selected from the group consisting of bendamustine, mechlorethamine, procarbazine, and mixtures
thereof. In certain preferred embodiments, the basic chemotherapeutic drug is doxorubicin base and the
biocompatible carrier for injection is a mixture of oleic acid and an alcohol selected from the group

consisting of ethanol, propylene glycol, benzyl alcohol, tert-butyl alcohol 9-and combinations thereof. In

12



WO 2021/211294 PCT/US2021/025006

other embodiments, the pharmaceutically acceptable biocompatible carrier for injection comprises an

alcohol selected from the group consisting of ethanol, benzyl alcohol and combinations thereof.

[0058] In embodiments of the present invention, the intratumor injectable formulation comprises a
pharmaceutically acceptable biocompatible carrier for injection which is an organic liquid selected from the
group consisting of a PEG of molecular weight of 200 to 400, a median chain triglyceride, oleic acid,
glycerol, a liquid alcohol comprising ethanol and benzyl alcohol, and mixtures thereof such that the
formulation is a solution or suspension. In certain embodiments, the basic chemotherapeutic drug is
selected from the group consisting of vinblastine base, vincristine base and vindesine base, and the
pharmaceutically acceptable biocompatible carrier for injection is selected from the group consisting of an
organic liquid mixture comprising a median chain triglyceride, oleic acid, glycerol, acetic acid and an
alcohol selected from the group consisting of ethanol, benzyl alcohol, and combinations thereof, such that
the formulation is a solution or suspension. In certain embodiments, the basic chemotherapeutic drug is
selected from vinblastine base, vincristine base or vindesine base, and the pharmaceutically acceptable
biocompatible carrier is a mixture of an ethanol, an organic liquid selected from the group consisting a
median chain triglyceride, glycerol or oleic acid, and an organic acid, such that the formulation is a solution
or suspension. In certain preferred embodiments, the organic acid is acetic acid. In other embodiments, the
basic chemotherapeutic drug comprises bendamustine base and the pharmaceutically acceptable
biocompatible carrier is a mixture selected from the group consisting of ethanol mixed with a PEG of
molecular weight from about 200 to 400 and oleic acid mixed with acetic acid, such that the formulation is

a solution or suspension.

[0059] In certain embodiments of the present invention, the basic chemotherapeutic drug is a
desalinated salt form of a chemotherapeutic drug, wherein the biocompatible carrier is selected from the
group consisting of a PEG of molecular weight of 200 to 400, a median chain triglyceride, oleic acid,
glycerol, a liquid alcohol comprising ethanol and benzyl alcohol, and combinations thereof, wherein the
formulation comprises water in an amount of less than 10% of the total volume of the injectable formulation
and a salt selected from the group consisting of sodium sulfate, sodium chloride, potassium sulfate,
potassium chloride, sodium mesylate, potassium mesylate and mixtures thereof, such that the formulation is
an emulsion. In certain other embodiments of the present invention, the basic chemotherapeutic drug is a
desalinated salt form of a chemotherapeutic drug, wherein the biocompatible carrier is selected from the
group consisting of a PEG of molecular weight of 200 to 400, a median chain triglyceride, oleic acid,
glycerol, a liquid alcohol comprising ethanol and benzyl alcohol, and combinations thereof, wherein the
formulation comprises water in an amount of less than 15% of the total volume of the injectable formulation
and a salt selected from the group consisting of sulfate, chloride, mesylate and mixtures thereof, such that

the formulation is an water in oil emulsion. In certain embodiments, the injectable formulation is an
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emulsion comprising the basic chemotherapeutic agent, the biocompatible carrier, an alcohol comprised of
ethanol or benzyl alcohol, a buffer comprised of an organic acid and wherein the organic acid is selected
from the group consisting of acetic acid, malic acid, fumaric acid, tartaric acid, succinic acid, maleic acid,
citric acid, ascorbic acid, and mixtures thereof, and wherein the water is less than 15% of the injectable
formulation. In other embodiments, the injectable formulation is an emulsion comprising the basic
chemotherapeutic agent, the biocompatible carrier, an alcohol comprised of ethanol or benzyl alcohol,
sodium or potassium chloride, a buffer comprised of an organic acid and wherein the organic acid is selected
from the group consisting of acetic acid, malic acid, fumaric acid, tartaric acid, succinic acid, maleic acid,
citric acid, ascorbic acid, and mixtures thereof, and wherein the water is less than 15% of the injectable
formulation and the amount of organic solvent is more than 85% of the volume of the emulsion. In certain
other embodiments, the injectable formulation is a water in oil emulsion comprising an anthracycline base
selected from the group consisting of doxorubicin base, epirubicin base, daunorubicin base, amrubicin base
and mitoxantrone base, an oleic acid, acetic acid, less than 15% of water by volume of the emulsion and an
alcohol, wherein the alcohol is selected from the group consisting of ethanol, benzyl alcohol or
combinations thereof. In certain embodiments, the formulation is a water in oil emulsion comprising the
basic chemotherapeutic agent, oleic acid, an alcohol, acetic acid, sodium chloride and from about 4% to
about 15% of water by volume of the emulsion, wherein the basic chemotherapeutic agent selected from the
group consisting of daunorubicin base, epirubicin base, amrubicin base, doxorubicin base, mitoxantrone
base. In certain preferred embodiments, the formulation is a water in oil emulsion comprising the basic
chemotherapeutic agent, oleic acid, an alcohol, acetic acid, sulfate or chloride, and from about 4% to about
15% of water by volume of the emulsion, wherein the basic chemotherapeutic agent selected from the group
consisting of daunorubicin base, epirubicin base, doxorubicin base, mitoxantrone base and amrubicin base.
In certain preferred embodiments, the alcohol is selected from the group consisting of ethanol, benzyl
alcohol, and combinations thereof. In certain embodiments, the basic chemotherapeutic drug is selected
from the group consisting of desalinated vinblastine sulfate, vincristine sulfate and vindesine sulfate,
wherein the biocompatible carrier is selected from the group consisting of a median chain triglyceride, oleic
acid, glycerol and combinations thereof and the formulation further comprises acetic acid, sodium sulfate
and a small amount of water, such that the formulation is an emulsion containing less than about 10% of
water by volume of the emulsion. In other embodiments, the basic chemotherapeutic drug is selected from
the group consisting of a vincristine base, a vinblastine base and a vindesine base wherein the biocompatible
carrier is a mixture of an alcohol comprising ethanol or benzyl alcohol and a median chain triglyceride,
glycerol or oleic acid, and wherein the formulation further comprises acetic acid, sodium sulfate and a small
amount of water, such that the formulation is a water in oil emulsion containing from about 1% to about
10% of water by volume of the emulsion. In certain preferred embodiments, the basic chemotherapeutic

drug is selected from the group consisting of a vincristine base, a vinblastine base and a vindesine base
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wherein the biocompatible carrier is a mixture of an alcohol comprising ethanol or benzyl alcohol and a
median chain triglyceride, glycerol or oleic acid, and wherein the formulation further comprises acetic acid,
sulfate or chloride salt and a small amount of water, such that the formulation is a water in oil emulsion

containing from about 0.5% to about 5% of water by volume of the emulsion.

[0060] In certain embodiments, the basic chemotherapeutic drug comprises bendamustine base
dissolved or suspended in a mixture selected from the group consisting of ethanol mixed with a PEG of
molecular weight from about 200 to 400, glycerol or oleic acid mixed with acetic acid. In certain preferred
embodiments, the basic chemotherapeutic drug comprises bendamustine base and the pharmaceutically
acceptable biocompatible carrier is a mixture selected from the group consisting of ethanol mixed with a
PEG of molecular weight from about 200 to 400 or oleic acid mixed with acetic acid, such that the
formulation is a solution or suspension. In other embodiments, the basic chemotherapeutic drug comprises
bendamustine base and the pharmaceutically acceptable biocompatible carrier is a mixture selected from the
group consisting of oleic acid, glycerol and PEG of molecular weight of 200 to 400 and an ethanol, and the
formulation further comprises a water phase of acetic acid, sodium chloride and a small amount of water,
such that the formulation is an emulsion having from about 2% to about 10% of water by volume of the
emulsion. In certain preferred embodiments, the basic chemotherapeutic drug formulation is a water in oil
emulsion comprises bendamustine base and wherein the pharmaceutically acceptable biocompatible carrier
is a mixture of oleic acid and an ethanol, the formulation further comprises a water phase of acetic acid,
sodium or potassium chloride and from about 2% to about 10% of water by volume of the emulsion. In
certain preferred embodiments, the basic chemotherapeutic drug formulation is a water in oil emulsion
comprises bendamustine base and wherein the pharmaceutically acceptable biocompatible carrier is a
mixture of glycerol and an ethanol, the formulation further comprising a water phase of acetic acid, sodium
or potassium chloride and a small amount of water from about 2% to about 10% of water by volume of the
emulsion. In certain preferred embodiments, the formulation is a water in oil emulsion comprising
bendamustine base dissolved in a mixture of a PEG of molecular weight of 200 to 400 and an ethanol and
wherein the emulsion further comprises a water phase of acetic acid, sodium or potassium chloride and from

about 2% to about 10% of water by volume of the emulsion.

[0061] In other embodiments, the basic chemotherapeutic drug comprises mechlorethamine base
and the pharmaceutically acceptable biocompatible carrier is a mixture of ethanol with a median chain
triglyceride or glycerol, and the formulation further comprises acetic acid, such that the formulation is a
solution or a suspension. In other embodiments, basic chemotherapeutic drug is mechlorethamine base and
wherein the pharmaceutically acceptable biocompatible carrier is a mixture of glycerol and ethanol, the
formulation further comprising acetic acid, sodium chloride or potassium chloride and less than about 10%

of water by volume of the formulation, such that the formulation is an emulsion. In certain other
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embodiments, the basic chemotherapeutic drug is mechlorethamine base and the pharmaceutically
acceptable biocompatible carrier is a mixture of median chain triglyceride and ethanol, and the formulation
further comprising acetic acid, sodium chloride or potassium chloride and less than about 5% of water by
volume of the formulation, such that the formulation is an emulsion. In certain preferred embodiments, the
basic chemotherapeutic drug is mechlorethamine base and wherein the pharmaceutically acceptable
biocompatible carrier is a mixture of a median chain triglyceride and ethanol, the formulation further
comprising acetic acid, and less than about 1% of water by volume of the formulation. In certain other
preferred embodiments, the basic chemotherapeutic drug comprises mechlorethamine base and the
pharmaceutically acceptable biocompatible carrier is a mixture of ethanol with a median chain triglyceride,
the formulation further comprising acetic acid, sodium or potassium chloride and less than about 10% of

water by volume of the formulation, such that the formulation is an emulsion.

[0062] The present invention is also directed to an injectable pharmaceutical formulation of a drug
comprising an anthracycline(s) base dissolved or suspended in a pharmaceutically acceptable carrier for
administration directly into a malignant mass in a mammal (e.g., human). In certain preferred embodiments,
the anthracycline base is doxorubicin base. In certain preferred embodiments, the anthracycline base is
daunorubicin base. In other preferred embodiments, the anthracycline base is epirubicin base. In other
preferred embodiments, the anthracycline base comprises mitoxantrone base. In other preferred
embodiments, the anthracycline base comprises amrubicin base. In certain preferred embodiments, the
anthracycline base comprises aclarubicin base. In other preferred embodiments the anthracycline base
comprises idarubicin base, pirarubicin base or valrubicin base. In certain embodiments, the intratumor
injectable formulation is a solution or suspension, wherein the basic chemotherapeutic drug is dissolved in
the pharmaceutically acceptable biocompatible carrier for injection and wherein the pharmaceutically
acceptable biocompatible carrier for injection is an organic liquid selected from the group consisting of a
PEG of molecular weight of 200 to 400, a median chain triglyceride, oleic acid, glycerol, a liquid alcohol

comprising ethanol and benzyl alcohol, and mixtures thereof.

[0063] The present invention is also directed to an injectable pharmaceutical formulation of a
drug comprising a vinca alkaloid base dissolved or suspended in a pharmaceutically acceptable carrier for
administration directly into a malignant mass in a mammal (e.g., human). In certain preferred
embodiments, the vinca alkaloid base is vinblastine base. In certain preferred embodiments, the vinca
alkaloid base is vincristine base. In other preferred embodiments, the vinca alkaloid base is vindesine

base.

[0064] In certain embodiments, the basic chemotherapeutic drug comprises eribulin base
dissolved or suspended in a mixture selected from the group consisting of ethanol mixed with a PEG of

molecular weight from about 200 to 400, glycerol, a median chain triglyceride or oleic acid mixed with
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acetic acid. In other embodiments, the basic chemotherapeutic drug comprises eribulin base and the
pharmaceutically acceptable biocompatible carrier is a mixture selected from the group consisting of oleic
acid, glycerol and a PEG of molecular weight of 200 to 400, a median chain triglyceride and an ethanol,
and the formulation further comprises a water phase of acetic acid, sodium mesylate and a small amount
of water, such that the formulation is an emulsion having from about 1% to about 5% of water by volume
of the emulsion. In certain preferred embodiments, wherein the basic chemotherapeutic drug is eribulin
base, wherein the biocompatible carrier is a mixture of an alcohol comprising ethanol or benzyl alcohol
and a median chain triglyceride, glycerol, PEG of molecular weight 200 to 400 or oleic acid, and wherein
the formulation further comprises acetic acid, sodium mesylate or potassium mesylate and a small amount

of water from about 0.5% to about 5% of water by volume of the formulation which is an emulsion.

[0065] In certain embodiments of the present invention, the pharmaceutically acceptable carrier is
a liquid comprising a PEG, an oleic acid, glycerol, a median chain triglyceride, vegetable oil, surfactant,
an alcohol or combinations thereof. In certain preferred embodiments, the PEG has a molecular weight of
from about PEGag to about PEGugo. In certain preferred embodiments, the alcohol is ethanol, propylene,
benzyl alcohol, tert-butyl alcohol or mixtures thereof. In certain preferred embodiments, the
pharmaceutically acceptable carrier includes ethanol. In certain other preferred embodiments, the

pharmaceutically acceptable carrier includes benzyl alcohol.

[0066] In certain embodiments, the malignant mass may be in a location in the mammal selected
from the group consisting of brain, head, eye, mouth, tongue, neck, thyroid, gastrointestinal system, liver,
pancreas, gall bladder, lung, respiratory system, urogenital system, breast, lymphatic system, cardiovascular
system, nervous system, skin, thorax, pleural membrane, mesothelioma, muscular skeletal system, abdomen
with primary or secondary nature. The malignant mass may be one that has metastasized from another
organ in the mammal. In certain preferred embodiments, the biocompatible carrier comprises a
polyethylene glycol (PEG), an oleic acid, glycerol, a median chain triglyceride, vegetable oil, surfactant, an

ethanol, propylene glycol, benzyl alcohol, tert-butyl alcohol or any combination of the above.

[0067] In certain preferred embodiments, the injectable formulation is administered through a

syringe or a needle of a fiberscope.
[0068] In certain embodiments, the malignant mass is:

(i) a superficial malignant disease of skin, eye, tongue, mouth, thyroid, breast, cervix, uterus, anus, prostate,
vagina, sarcoma of the bone, carcinoma of urethra, etc. and the basic chemotherapeutic drug injection (e.g.
an anthracycline base, a vinca alkaloid base or an alkylating base) can be injected using a syringe directly

into the malignant mass, or

(ii) a cancer of the nasopharynx and the basic chemotherapeutic drug injection can be injected into the
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malignant mass with the syringe or needle through a nasopharyngoscope; or

(iii) a cancer of the liver, kidney, pancreas and gall bladder and the basic chemotherapeutic drug injection
can be injected using a syringe through the skin into the malignant mass with the assistance of ultrasound,

or via a hole in the abdominal wall made during laparoscopic surgery into the malignant mass; or

(iv) a cancer of the ovary, oviduct, metastasis of lymph node or direct peritoneum invasion of the
abdominal cavity and the basic chemotherapeutic drug injection can be injected with the needle into the

malignant mass through the holes of a laparoscopic surgery; or

(v) a carcinoma or sarcoma of esophagus, stomach, duodenum, small intestine and the basic
chemotherapeutic drug injection can be injected with the needle into the malignant mass through an
enteroscope or through the holes made during laparoscopic surgery or holes made during thoracoscopic

surgery; or

(vi) a carcinoma or sarcoma of the large intestine and rectum and the basic chemotherapeutic drug
injection can be injected with the needle into the malignant mass through colonoscopy or through the

holes of abdominal wall of laparoscopic surgery; or

(vii) a carcinoma or sarcoma of the throat, lung and trachea and the basic chemotherapeutic drug injection

can be injected with the needle of a fiber bronchoscope into the malignant mass; or

(viii) a carcinoma of the lung, trachea or of the organ in the thorax, and the basicchemotherapeutic drug
injection can be injected with a syringe with the assistance of ultrasound, x-ray, CT scan, MR scan or via

the holes of thoracoscopic surgery; or

(ix) a carcinoma or sarcoma of the urinary bladder and the basic chemotherapeutic drug injection can be
injected into the malignant mass with a needle through a cystoscope, or through the holes in the

abdominal wall made during laparoscopic surgery;

(x) a carcinoma or sarcoma of the uterus and the basic chemotherapeutic drug injection can be injected
into the malignant mass with a syringe of a hysteroscope; or through the holes in the abdominal wall

made during laparoscopic surgery;

(xi) a carcinoma or sarcoma of pharynx and larynx and the basic chemotherapeutic drug injection can be

injected into the malignant mass with a needle through the laryngoscope; or

(xii) a carcinoma of the brain and the basic chemotherapeutic drug injection can be injected with a needle
into the malignant mass after a hole is drilled in the corresponding bone of the skull with the help of X-

ray, CT scan or MR scan; or

(xiii) a carcinoma of the testicle(s), the epididymis, penis, and/or vagina and the basic chemotherapeutic

drug injection can be injected with a needle into the malignant mass directly without dilution.
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[0069] The invention is further directed, in part, to an injectable formulation comprising a drug
consisting of a therapeutically effective amount of a basic chemotherapeutic drug injection (e.g. an
anthracycline base, eribulin base, a vinca alkaloid base or an alkylating base) and a pharmaceutically
acceptable carrier for injection comprising a PEG having a molecular weight of from about PEG2qo to about
PEGauo0, an alcohol, glycerol, a median chain triglyceride, vegetable oil, an oleic acid or a mixture of thereof.
In certain preferred embodiments, the alcohol is ethanol, propylene glycol, benzyl alcohol, tert-butyl alcohol
or any combination of the above. In certain preferred embodiments, the alcohol is ethanol, benzyl alcohol or

combinations thereof.

[0070] In certain preferred embodiments, the anthracycline base is doxorubicin base, daunorubicin
base, epirubicin base, amrubicin base, pirarubicin base, valrubicin base, aclarubicin base, idarubicin base

and mitoxantrone base.

[0071] In certain preferred embodiments, the vinca alkaloid base is vinblastine base, vincristine base

and or vindesine base.

[0072] In certain preferred embodiments, the alkylating agent base is mechlorethamine base or

bendamustine base.

[0073] In certain preferred embodiments, the anthracycline base is epirubicin base and the

biocompatible carrier for injection is a PEG having a molecular weight from about PEGg to about PEGug

[0074] In certain preferred embodiments, the anthracycline base is epirubicin base and the

biocompatible carrier for injection is an oleic acid.

[0075] In certain preferred embodiments, the anthracycline base injection is a solution or a

suspension comprising epirubicin base, ethanol, oleic acid and acetic acid.

[0076] In certain preferred embodiments, the anthracycline base injection is a water in oil emulsion
comprising epirubicin base, sodium chloride, ethanol, oleic acid, acetic acid and from about 3 to about 15%

of water.

[0077] In certain preferred embodiments, the anthracycline base is daunorubicin base and the

biocompatible carrier for injection is an oleic acid.

[0078] In certain preferred embodiments, the anthracycline base is daunorubicin base and the

biocompatible carrier for injection is a mixture of oleic acid, ethanol and acetic acid.

[0079] In certain preferred embodiments, the anthracycline base is epirubicin base and the
biocompatible carrier for injection is a mixture of ethanol and a PEG having a molecular weight of from
about PEGa0o to about PEGugo. In certain preferred embodiments, the anthracycline base is daunorubicin

base and the biocompatible carrier for injection is ethanol.
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[0080] In certain preferred embodiments, the anthracycline base is daunorubicin base and the

biocompatible carrier for injection is PEG of molecular weight from about PEGago to about PEGugg.

[0081] In certain preferred embodiments, the anthracycline base is daunorubicin base and the

biocompatible carrier for injection is a mixture of oleic acid and ethanol.

[0082] In certain preferred embodiments, the anthracycline base is daunorubicin base and the
biocompatible carrier for injection is a mixture of a PEG having a molecular weight from about PEGag to

about PEGyq and ethanol.

[0083] In certain preferred embodiments, the anthracycline base injection is a solution or suspension
comprising daunorubicin base and the biocompatible carrier for injection is a mixture of an ethanol, oleic

acid and acetic acid.

[0084] In certain preferred embodiments, the anthracycline base is mitoxantrone base and the

biocompatible carrier for injection is aqueous ethanol.

[0085] In certain preferred embodiments, the anthracycline base injection is a water in oil emulsion
comprising daunorubicin base, sodium chloride and ethanol, oleic acid, acetic acid and from about 3% to
about 10% of water. In other embodiments, the anthracycline base injection is a water in oil emulsion
comprising daunorubicin base, sodium chloride and ethanol, oleic acid, acetic acid and from about 1% to
about 10% of water. In other embodiments, the anthracycline base injection is a water in oil emulsion
comprising daunorubicin base, sodium chloride and ethanol, oleic acid, acetic acid and from about 4% to
about 10% of water. In other preferred embodiments, the formulation is a water in oil emulsion comprising
daunorubicin base, oleic acid, ethanol, acetic acid, sodium or potassium chloride and from about 4% to

about 10% of water by volume of the emulsion.

[0086] In certain preferred embodiments, the formulation is a water in oil emulsion comprising
amrubicin base, oleic acid, ethanol, acetic acid, sodium or potassium chloride and from about 4% to about

10% of water by volume of the emulsion.

[0087] In certain preferred embodiments, the formulation is a water in oil emulsion comprising
mitoxantrone base, oleic acid, glycerol, ethanol, acetic acid, sodium or potassium chloride and from about

2% to about 10% of water by volume of the emulsion.

[0088] In certain preferred embodiments, the anthracycline base is mitoxantrone base and the
biocompatible carrier for injection is a mixture of a PEG having a molecular weight from about PEGaqo to

about PEGugo with ethanol.

[0089] In certain preferred embodiments, the anthracycline base is mitoxantrone base and the

biocompatible carrier for injection is a mixture of a PEG having a molecular weight from about PEGag to
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about PEG4o and an organic acid comprising maleic acid, succinic acid, malic acid, tartaric acid, citric acid,

fumaric acid, tartaric acid, and combinations thereof.

[0090] In certain preferred embodiments, the anthracycline base is mitoxantrone base and the

biocompatible carrier for injection is a mixture of oleic acid with ethanol.

[0091] In certain preferred embodiments, the anthracycline base is mitoxantrone base and the

biocompatible carrier for injection is a mixture of oleic acid and an organic acid.

[0092] In certain preferred embodiments, the anthracycline base is mitoxantrone base and the

biocompatible carrier for injection is a mixture of oleic acid, ethanol and acetic acid.

[0093] In certain preferred embodiments, the anthracycline base injection is a solution or suspension

comprising mitoxantrone base, ethanol, oleic acid and acetic acid.

[0094] In certain preferred embodiments, the anthracycline base injection is a solution or suspension

comprising mitoxantrone base, ethanol, glycerol and acetic acid.

[0095] In certain preferred embodiments, the formulation is a solution or a suspension comprising

mitoxantrone base, ethanol and acetic acid and further including either oleic acid or glycerol.

[0096] In certain preferred embodiments, the anthracycline base injection is a water in oil emulsion
comprising mitoxantrone base, sodium chloride, ethanol, oleic acid, acetic acid and from about 3% to about

10% of water.

[0097] In certain preferred embodiments, the anthracycline base injection is a water in oil emulsion
comprising mitoxantrone base, sodium chloride, ethanol, glycerol, acetic acid and from about 3% to about

10% of water.

[0098] In certain preferred embodiments, the anthracycline base is doxorubicin base and the

biocompatible carrier for injection is a mixture of oleic acid, ethanol and acetic acid.

[0099] In certain preferred embodiments, the anthracycline base injection is a solution or suspension

comprising doxorubicin base, ethanol, oleic acid and acetic acid.

[00100] In certain preferred embodiments, the anthracycline base injection is a water in oil emulsion
comprising doxorubicin base, sodium chloride, ethanol, oleic acid, acetic acid and from about 3% to about

15% of water.

[00101] In certain preferred embodiments, the formulation is a water in oil emulsion comprising
doxorubicin base, oleic acid, ethanol, acetic acid, NACL and from about 4% to about 15% of water by

volume of the emulsion.
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[00102] In certain preferred embodiments, the anthracycline base injection is a water in oil emulsion
comprising amrubicin base, sodium chloride, ethanol, oleic acid, acetic acid and from about 3% to about

10% of water.

[00103] In certain preferred embodiments, the vinca alkaloid base is vinblastine base and the

biocompatible carrier for injection is a mixture of ethanol, a median chain triglyceride and acetic acid.

[00104] In certain preferred embodiments, the vinca alkaloid base is vinblastine base and the

biocompatible carrier for injection is a mixture of ethanol, oleic acid and acetic acid.

[00105] In certain preferred embodiments, the vinca alkaloid base is vinblastine base and the

biocompatible carrier for injection is a mixture of ethanol, glycerol and acetic acid.

[00106] In certain preferred embodiments, the vinca alkaloid base injection is a solution or

suspension comprising vinblastine, ethanol, oleic acid and acetic acid.

[00107] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vinblastine base, sodium sulfate, ethanol, oleic acid, acetic acid and from about 1% to about

10% of water.

[00108] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vinblastine base, potassium sulfate, ethanol, oleic acid, acetic acid and from about 1% to about

10% of water.

[00109] In certain preferred embodiments, the vinca alkaloid base is vincristine base and the

biocompatible carrier for injection is a vegetable oil.

[00110] In certain preferred embodiments, the vinca alkaloid base is vincristine base and the

biocompatible carrier for injection is a mixture of ethanol, a median chain triglyceride and acetic acid.

[00111] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vincristine base, sodium sulfate, ethanol, oleic acid, acetic acid and from about 1% to about 10%

of water.

[00112] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vincristine base, sodium sulfate, ethanol, glycerol, acetic acid and from about 1% to about 10%

of water.

[00113] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vincristine base, sodium sulfate, ethanol, a median chain triglyceride, acetic acid and from about

1% to about 10% of water.

[00114] In certain preferred embodiments, the vinca alkaloid base is vindesine base and the

biocompatible carrier for injection is a mixture of ethanol, a median chain triglyceride and acetic acid.
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[00115] In certain preferred embodiments, the vinca alkaloid base is vindesine base and the

biocompatible carrier for injection is a mixture of glycerol, ethanol and acetic acid.

[00116] In certain preferred embodiments, the vinca alkaloid base is vindesine base and the

biocompatible carrier for injection is a mixture of ethanol with oleic acid.

[00117] In certain preferred embodiments, the vinca alkaloid base injection is a solution or

suspension comprising vindesine base, ethanol, oleic acid and acetic acid, and does not contain water.

[00118] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion

comprising vindesine base, sodium sulfate, ethanol, oleic acid, acetic acid and 1% to about 10% of water.

[00119] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vindesine base, sodium sulfate, ethanol, glycerol, acetic acid and from about 1% to about 10% of

water.

[00120] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vindesine base, sodium sulfate, ethanol, a median chain triglyceride, acetic acid and from about

1% to about 10% of water.

[00121] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion

comprising vinblastine base, sodium sulfate, ethanol, oleic acid, acetic acid and 1% to about 10% of water.

[00122] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vinblastine base, sodium sulfate, ethanol, glycerol, acetic acid and from about 1% to about 10%

of water.

[00123] In certain preferred embodiments, the vinca alkaloid base injection is a water in oil emulsion
comprising vinblastine base, sodium sulfate, ethanol, a median chain triglyceride, acetic acid and from about

1% to about 10% of water.

[00124] In certain preferred embodiments, the alkylating agent base is mechlorethamine base and the
biocompatible carrier for injection is a mixture of ethanol and PEG having a molecular weight from about

PEGa2q0 to about PEGyqo with acetic acid.

[00125] In certain preferred embodiments, the alkylating agent base is mechlorethamine base and the

biocompatible carrier for injection is a mixture of ethanol and a median chain triglyceride with acetic acid.

[00126] In certain preferred embodiments, the alkylating agent base is mechlorethamine base and the

biocompatible carrier for injection is a mixture of glycerol with ethanol.

[00127] In certain preferred embodiments, the alkylating agent base injection is a water in oil
emulsion comprising mechlorethamine base, sodium chloride, ethanol, a median chain triglyceride, acetic

acid and from about 0.1% to about 5% of water.
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[00128] In certain preferred embodiments, the alkylating agent base injection is a water in oil
emulsion comprising mechlorethamine base, sodium chloride, ethanol, a PEG of molecular mass of 200 to

400, acetic acid and from about 0.1% to about 5% of water.

[00129] In certain preferred embodiments, the alkylating agent base is bendamustine base and the
biocompatible carrier for injection is a PEG having a molecular weight from about PEG2g to about PEGuoo,
with the amount of PEG contained in the injection in the range of from about 30% to about 80% of the

volume of the injection.

[00130] In certain preferred embodiments, the alkylating agent base is bendamustine base and the

biocompatible carrier for injection is a mixture of ethanol and oleic acid.

[00131] In certain preferred embodiments, the alkylating agent base is bendamustine base and the

biocompatible carrier for injection is a mixture of ethanol and glycerol.

[00132] In certain preferred embodiments, the alkylating agent base injection is a water in oil
emulsion comprising bendamustine base, sodium chloride, ethanol, a PEG of molecular mass of 200 to 400,

acetic acid and from about 2% to about 10% of water.

[00133] In certain preferred embodiments, the alkylating agent base injection is a water in oil
emulsion comprising bendamustine base, sodium chloride, ethanol, oleic acid, acetic acid and from about

2% to about 10% of water.

[00134] In certain preferred embodiments, the alkylating agent base injection is a water in oil
emulsion comprising bendamustine base, sodium chloride, ethanol, glycerol, acetic acid and from about 2%

to about 10% of water.

[00135] In certain preferred embodiments, the eribulin base injection is a water in oil emulsion
comprising eribulin base, sodium chloride, ethanol, oleic acid, median chain triglyceride, glycerol, a PEG of

molecular weight of 200 to 400, acetic acid and from about 2% to about 10% of water.

[00136] The invention is further directed, in part, to a method of treating a malignant mass in a
mammal, comprising administering an injectable formulation comprising a drug consisting of an effective
amount of anthracycline base, wherein the drug is dissolved or suspended in a pharmaceutically acceptable

biocompatible carrier directly into the malignant mass.

[00137] The invention is further directed, in part, to a method of treating a malignant mass in a
mammal, comprising administering an injectable formulation comprising a drug consisting of an effective
amount of chemotherapeutic base such as an anthracycline base, eribulin base, an alkylating agent base or a

vinca alkaloid base, wherein the drug is dissolved in a pharmaceutically acceptable biocompatible carrier to
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form a solution or form a water in oil emulsion, wherein the formulation is directly injected into a malignant

mass of a patient.

[00138] In certain embodiments of the present invention, the injectable formulation is administered

through a syringe or a needle of a fiberscope.

[00139] In certain preferred embodiments of the present invention, the anthracycline base is selected
from a group consisting of doxorubicin base, epirubicin base, daunorubicin base, amrubicin base or

mitoxantrone base.

[00140] In certain embodiments, the malignant mass is in a location in the mammal selected from the
group consisting of brain, head, eye, nasopharynx, mouth, tongue, neck, thyroid, gastrointestinal system,
liver, pancreas, gall bladder, lung, respiratory system, urogenital system, kidney, urinary bladder, ovary,
uterus, vagina, penis, testis, breast, lymphatic system, skin, cardiovascular system, nervous system, thorax,
pleural membrane, mesothelioma, muscular skeletal system, abdomen with primary or secondary nature. In

certain embodiments, the malignant mass is primary or secondary in nature in the mammal.

[00141] In certain preferred embodiments, the biocompatible carrier is a combination of PEG, oleic

acid, glycerol and ethanol.

[00142] In certain preferred embodiments, the biocompatible carrier is a combination of PEG, oleic

acid, glycerol, a median chain triglyceride and ethanol.

[00143] In certain preferred methods of the present invention, the anthracycline base is mitoxantrone

base and the biocompatible carrier for injection is ethanol.

[00144] In certain preferred methods of the present invention, the anthracycline base is mitoxantrone
base and the biocompatible carrier for injection is a PEG having a molecular weight from about PEGag to

about PEGuoo.

[00145] In certain preferred methods of the present invention, the anthracycline base is mitoxantrone
base and the biocompatible carrier for injection is a mixture of a PEG having a molecular weight of from

about PEGago to about PEGugo and ethanol.

[00146] In certain preferred methods of the present invention, the anthracycline base is mitoxantrone

base and the biocompatible carrier for injection is a mixture of oleic acid and acetic acid.

[00147] In certain preferred methods of the present invention, the anthracycline base is mitoxantrone

base and the biocompatible carrier for injection is a mixture of oleic acid and ethanol.
[00148] In certain preferred methods of the present invention, the malignant mass is:

(i) a superficial malignant disease of skin, eye, tongue, mouth, thyroid, breast, cervix, uterus, anus,

prostate, vagina, sarcoma of the bone, carcinoma of urethra, penis, testis and epididymis and the
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anthracycline base is injected with a syringe directly into the malignant mass without dilution; or
(ii) a cancer of the nasopharynx, and the anthracycline base is injected into the malignant mass with

the syringe or needle through a nasopharyngoscope; or

(iii) a cancer of the liver, kidney and gall bladder, and the anthracycline base is injected using a
syringe through skin into the malignant mass with the assistance of ultrasound, or is injected through a

hole made in an abdominal wall of a patient during laparoscopic surgery into the malignant mass; or

(iv) a cancer of the ovary, oviduct, pancreas, metastasis of lymph node or direct peritoneum invasion
of the abdominal cavity, lymphoma of the abdomen, and the anthracycline base is injected with the
syringe into the malignant mass through a hole made in the abdominal wall of a patient during

laparoscopic surgery; or

(v) a carcinoma or sarcoma of esophagus, stomach, duodenum, small intestine, and the anthracycline
base is injected with the needle into the malignant mass through an enteroscope or via a long syringe
through a hole made in the abdominal wall of a patient during laparoscopic surgery or is injected

through a hole made in a thoracic wall of a patient during thoracoscopic surgery.

(vi) a carcinoma or sarcoma of the large intestine and rectum, and the anthracycline base is injected
with the needle into the malignant mass through colonoscopy or is injected using a syringe through a

hole made in the abdominal wall of a patient during laparoscopic surgery; or

(vii) a carcinoma or sarcoma of the lung and trachea, and the anthracycline base is injected using the

needle of a fiber bronchoscope into the malignant mass; or

(viii) a carcinoma of the lung, and the anthracycline base is injected with the syringe through the
thoracic wall with the use of ultrasound, x-ray, CT scan, or MR scan or is injected through a hole

made in the thoracic wall of a patient during thoracoscopic surgery; or

(ix) a carcinoma or sarcoma of the urinary bladder, and the anthracycline base is injected into the
malignant mass with a needle through a cystoscope, or is injected through a hole made in the

abdominal wall of a patient during laparoscopic surgery; or

(x) a carcinoma or sarcoma of uterus, and the injectable formulation of the anthracycline base is
injected into the malignant mass with a syringe or a needle of a hysteroscope; or is injected through a

hole made in the abdominal wall of a patient during laparoscopic surgery; or

(xi) a carcinoma or sarcoma of nasopharynx and larynx, and the anthracycline base is injected into the

malignant mass with a needle through a laryngoscope; or

(xii) a carcinoma of the brain, and the anthracycline base is injected with a needle of a syringe or a

fiberscope into the malignant mass after a hole is drilled in the corresponding bone of a skull with the
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use of an X-ray, CT scan or MR scan; or

(xiii ) a malignant lymphoma or lymph node with metastasis, and the anthracycline base is injected
into the malignant mass using a needle through the skin of a patient or is injected through a hole made
in the abdominal wall of a patient during laparoscopic surgery or through a hole made in the thoracic

wall of a patient during thoracoscopic surgery.

[00149] The invention is further directed to a kit, comprising a first vial containing a drug consisting
of a powdered or lyophilized anthracycline base and a second vial containing the pharmaceutically
acceptable excipients needed to deliver the anthracycline base to a tumor, the pharmaceutically acceptable
excipient comprising a PEG having a molecular weight from about PEGazqo to about PEGu, an oleic acid,
glycerol, an alcohol selected from ethanol, propylene glycol, benzyl alcohol, tert-butyl alcohol or a
combination thereof. In other embodiments the pharmaceutically acceptable excipient comprises a
combination of an alcohol with PEG. In certain preferred embodiments, the pharmaceutically acceptable

excipient comprises PEG, oleic acid, glycerol and ethanol.

[00150] The invention is further directed to a kit, comprising a first vial containing a drug

consisting of a powdered or liquid chemotherapeutic base comprising an anthracycline base, vinca alkaloid
base, eribulin base or alkylating agent base and a second vial containing the pharmaceutically acceptable
excipients needed to deliver the chemotherapeutic base into a tumor, the pharmaceutically acceptable
excipient comprising a PEG having a molecular weight from about PEGa2g to about PEGao0, a median chain
triglyceride, glycerol, an oleic acid, vegetable oil, an alcohol selected from ethanol, benzyl alcohol or a
combination thereof. In certain preferred embodiments, the pharmaceutically acceptable excipient comprises
a mixture of ethanol with a PEG or an oleic acid, a median chain triglyceride, vegetable oil and glycerol.

The alcohol was used to reduce the viscosity of the injection.

[00151] The invention is further directed to intratumor injectable formulation kit, comprising a first
vial containing a basic chemotherapeutic drug and a second vial containing a pharmaceutically acceptable
excipient for delivery of the drug into a tumor, the pharmaceutically acceptable excipient comprising a
solvent selected from the group consisting of PEG, an oleic acid, glycerin, a median chain triglyceride, an
alcohol, a pharmaceutically acceptable diluent, and mixtures thereof, wherein the PEG has a molecular
weight from about PEGog to about PEGug, and wherein the alcohol is selected from the group consisting of
ethanol, propylene glycol, tert-butyl alcohol, benzyl alcohol and combinations thereof; and wherein the
basic chemotherapeutic drug is selected from the group consisting of an anthracycline base, a vinca alkaloid
base, eribulin base and an alkylating agent base. In certain embodiments, the anthracycline base is selected
from the group consisting of doxorubicin base, epirubicin base, daunorubicin base, amrubicin base and
mitoxantrone base, and wherein the pharmaceu comprises an alcohol selected from the group consisting of

ethanol, benzyl alcohol and combinations thereof comprises an alcohol selected from the group consisting of

27



WO 2021/211294 PCT/US2021/025006

ethanol, benzyl alcohol and combinations thereof comprises an alcohol selected from the group consisting of
ethanol, benzyl alcohol and combinations thereof tical acceptable excipient comprises a mixture of ethanol

and oleic acid, PEG, polysorbate, a median chain triglyceride or glycerol.

[00152] In other embodiments, the injectable formulation contains alcohol. In still other
embodiments, the injectable formulation does not contain any alcohol. In certain preferred embodiments,
the injectable composition is for direct injection into local cancer tissue, and is not intended for venous
injection. In other embodiments, the injectable composition further contains one or more pharmaceutically
acceptable excipients, such as, but not limited to, ethyl oleate, benzyl benzoate, polysorbate, PEG,
cholesterol, phospholipid, propylene glycol, glycerin, ethyl alcohol, niacinamide, dimethyl sulfoxide,

dimethylacetamide, surfactants (e.g., non-ionic surfactants), etc.

[00153] In certain preferred embodiments, the anthracycline base is one of the following:
doxorubicin base, daunorubicin base, epirubicin base, pirarubicin base, valrubicin base, aclarubicin base,

idarubicin base, amrubicin and mitoxantrone base.

[00154] In certain preferred embodiments, the vinca alkaloid base is one of the following: vinblastine

base, vincristine base and vindesine base.

[00155] In certain preferred embodiments, the alkylating agent base is one of the following:

mechlorethamine base and bendamustine base.

[00156] The invention is further directed to a method of treating a malignant mass in a mammal,
comprising administering the intratumor injectable formulation of claim 1 directly into the malignant mass,
wherein the malignant mass is a primary or secondary tumor located in skin, eye, tongue, mouth, thyroid,
breast, cervix, uterus, anus, prostate, vagina, sarcoma of the bone, urinary bladder, ureter, urethra, penis,
testis, epididymis, nasopharynx, liver, kidney, gall bladder, ovary, oviduct, pancreas, metastasis of lymph
node, peritoneum metastasis of the abdominal cavity, esophagus, stomach, duodenum, small intestine, large
intestine, caecum, rectum, lung, trachea, larynx, brain, a malignant lymphoma or lymph node metastasis,
metastatic breast cancer, metastatic Wilms' tumor, Kaposi's sarcoma, metastatic neuroblastoma or metastatic

soft tissue sarcoma.

[00157] The invention is also directed to a method of making an intratumor injectable formulation
comprising dissolving a basic chemotherapeutic drug selected from the group consisting of an anthracycline
base, eribulin base, a vinca alkaloid base, and an alkylating agent base in an organic liquid comprising a
solvent selected from the group consisting of a PEG of molecular weight of 200 to 400, a median chain
triglyceride, oleic acid, glycerol, a liquid alcohol and mixtures thereof. In certain embodiments, the
intratumor injectable formulation is a solution or suspension. In other embodiments, the intratumor

injectable formulation is an emulsion.
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[00158] The invention is also directed to a method of making an intratumor injectable emulsion
formulation comprising: 1) the acidic salt of a chemotherapeutic drug selected from the group consisting of
a vinca alkaloid salt, an alkylating agent salt, an eribulin salt and an anthracycline salt with an about equal
molar amount of a base or a basic salt in an aqueous medium to form a water suspension of a basic
chemotherapeutic drug; 2) adding a small amount of an organic acid selected from the group consisting of
acetic acid, malic acid, fumaric acid, tartaric acid, succinic acid, maleic acid, citric acid, ascorbic acid and
combinations thereof into the suspension to act as a buffer; 3) mixing the resulting desalinated basic
chemotherapeutic water mixture with a biocompatible carrier selected from the group consisting of a PEG of
molecular weight of 200 to 400, a median chain triglyceride, oleic acid, glycerol, a liquid alcohol
comprising ethanol, benzyl alcohol, and mixtures thereof, wherein the emulsion comprises an amount of
water from about 0.5% to about 15% of the total volume of the injectable formulation. In certain
embodiments, wherein the vinca alkaloid salt is selected from the group consisting of vinblastine sulfate,
vinblastine chloride, vincristine sulfate, vincristine chloride, vindesine sulfate, and vindesine chloride,
wherein the anthracycline salt is selected from the group consisting of doxorubicin hydrochloride,
doxorubicin sulfate, doxorubicin citrate, epirubicin hydrochloride, epirubicin sulfate, epirubicin citrate,
daunorubicin hydrochloride, daunorubicin sulfate daunorubicin citrate, mitoxantrone hydrochloride,
mitoxantrone sulfate, mitoxantrone citrate, amrubicin hydrochloride, amrubicin sulfate, amrubicin citrate,
idarubicin salt, aclarubicin salt and valrubicin salt; and wherein the alkylating agent salt is selected from the
group consisting of bendamustine hydrochloride, bendamustine sulfate, mechlorethamine hydrochloride,

mechlorethamine sulfate, procarbazine hydrochloride, and procarbazine sulfate.

[00159] The invention is additionally directed to a method of making an intratumor injectable water
in oil emulsion comprising dissolving the acidic salt of a chemotherapeutic drug in water in an amount of
less than 15% of the total volume of the injectable emulsion; desalinating the salt form of a
chemotherapeutic drug selected from the group consisting of a vinca alkaloid salt, an alkylating agent salt,
eribulin salt and an anthracycline salt with an about equal molar base or basic salt in an aqueous medium to
form a basic chemotherapeutic drug of water suspension; a small amount of organic acid comprising acetic
acid, malic acid, fumaric acid, tartaric acid, succinic acid, maleic acid, citric acid, ascorbic acid was added
into the suspension to act as a buffer, to form a desalinated chemotherapeutic drug mixture; mixing the
resulting desalinated basic chemotherapeutic drug mixture with a biocompatible carrier selected from the
group consisting of a PEG of molecular weight of 200 to 400, a median chain triglyceride, oleic acid,
glycerol, a liquid alcohol comprising ethanol and/or benzyl alcohol and mixtures thereof; wherein the
formulation is an emulsion. In certain embodiments, vinca alkaloid salt is selected from the group
consisting of vinblastine salt (e.g. vinblastine sulfate), vincristine salt (e.g. vincristine sulfate), and
vindesine salt (e.g. vindesine sulfate); wherein the anthracycline salt is selected from the group consisting

of doxorubicin salt (e.g. doxorubicin hydrochloride), epirubicin salt (e.g epirubicin hydrochloride),
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daunorubicin salt (e.g. daunorubicin hydrochloride), mitoxantrone salt (e.g. mitoxantrone hydrochloride),
idarubicin salt (e.g. idarubicin hydrochloride), amrubicin salt, aclarubicin salt (e.g. aclarbucin
hydrochloride) and valrubicin salt (e.g. valrubicinw hydrochloride); and wherein the alkylating agent salt is
selected from the group consisting of bendamustine salt (e.g. bendamustine hydrochloride),
mechlorethamine salt (e.g. mechlorethamine hydrochloride) and procarbazine salt (e.g. procarbazine

hydrochloride).

[00160] In order for the invention described herein to be more fully understood, the following

definitions are provided for the purposes of this disclosure.

[00161] The term "patient" broadly refers to any animal that is to be treated with the formulation and
by the methods herein disclosed. The present formulations and methods can provide treatment to any
animal, e.g., any vertebrate, including but not limited to humans (preferred embodiments), primates, dogs,
cats, horses, cattle, etc. In preferred embodiments, the patient is a human. The patient (such as human) may
have advanced disease or lesser extent of disease, such as low tumor burden. In some embodiments, the
patient is at an early stage of a proliferative disease (such as cancer). In other embodiments, the patient is at

an advanced stage of a proliferative disease (such as an advanced cancer).

[00162] As used herein, the term "unit dose" refers to physically discrete units suitable as unitary

dosages for mammalian subjects.

[00163] The term "comprising” is an inclusive term interpreted to mean containing, embracing,

covering or including the elements listed following the term, but not excluding other unrecited elements.

[00164] A "therapeutically effective amount" means the amount that, when administered to an animal
for treating a disease, is sufficient to produce a desired therapeutic effect (e.g. to affect treatment for that

disease).

[00165] As used herein, the term "treating" or "treatment" of a disease includes preventing the
disease from occurring in an animal that may be predisposed to the disease but does not yet experience or
exhibit symptoms of the disease (prophylactic treatment), inhibiting the disease (slowing or arresting its
development), providing relief from the symptoms or side-effects of the disease (including palliative

treatment), and relieving the disease (causing regression of the disease).

[00166] The terms “composition” and “formulation” are used interchangeably herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[00167] Fig 1 is a graphical depiction of an intensity-weighted NICOMP distribution analysis.
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DETAILED DESCRIPTION OF THE INVENTION

[00168] The invention will be described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many variations and modifications can

be made while remaining with the spirit and scope of the invention.

[00169] In current practice, the standard treatment of most advanced solid tumors is surgical removal
often followed by chemotherapy. However, this treatment is often unsuccessful, and the chemotherapy is

often limited by the side effects caused by such agents (as previously explained above).

Chemotherapeutic Agents

[00170] A chemotherapeutic agent injected into a vein or an artery of the patient with cancer can be
carried away from the tumor without entering into the cancer cell, and therefore the efficacy (e.g., cell-
killing effect) is weak. In contrast, when a lipid-dissolved chemotherapeutic agent is directly injected into a

tumor, it can exert its effect over a longer duration and can enter the cancer cell more easily.

[00171] Examples of chemotherapeutic agents useful in the formulations of the present invention
include an anthracycline base, an alkylating agent base, eribulin base or a vinca alkaloid base, all of which is
water insoluble and is different from its hydrochloride salt, mesylate or a sulfate salt. Such a
chemotherapeutic base injection, (e.g. an anthracycline base injection, an alkylating base injection or a vinca
alkaloid base injection) has not previously been considered for use in injectable formulations or, more

specifically for the contemplated local injection into a tumor.

[00172] Preferably, the anthracycline base comprises doxorubicin base, daunorubicin base, epirubicin
base, mitoxantrone base, amrubicin base, pirarubicin base, valrubicin base, idarubicin base and aclarubicin

base. Preferably, the alkylating agent base comprises mechlorethamine base and bendamustine base.

[00173] Preferably, the vinca alkaloid base comprises vinblastine base, vincristine base and

vindesine base.

Administration of Formulation

[00174] The chemotherapeutic base including an anthracycline base, eribulin base, a vinca alkaloid
base or an alkylating agent base used in the injectable formulations and treatments of the present invention
are preferably dosed in therapeutically effective amounts known to those skilled in the art. In certain
embodiments, the therapeutically effective amount is an amount that yields a maximum therapeutic effect.
In other embodiments, the therapeutically effective amount yields a therapeutic effect that is less than the

maximum therapeutic effect. For example, a therapeutically effective amount may be an amount that
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produces a therapeutic effect while avoiding one or more side effects associated with a dosage that yields
maximum therapeutic effect. One skilled in the clinical and pharmacological arts will be able to determine a
therapeutically effective amount through routine experimentation, namely by monitoring a subject's
response to administration of the agent and adjusting the dosage accordingly. For additional guidance, see,
e.g.. Remington: The Science and Practice of Pharmacy, 22™ Edition, Pharmaceutical Press, London, 2012,
and Goodman & Gilman's The Pharmacological Basis of Therapeutics, 12" Edition, McGraw-Hill, New

York, N.Y., 2011, the entire disclosures of which are incorporated by reference herein.

Table 1: Suggested Dosage:

Anthracycline Diameter of Dosage of the drug Approximate Vol. of Conc.mg/
base tumor (cm) (mg) / week anthracycline injected(ml) ml
Doxorubicin 8 32-240 265cm?®x0.06= 16 2-15
5 8-60 65cm®x0.06= 3.9
2-3 0.5-3.75 4.2 cm3x0.06= 0.25
Epirubicin 8 32-240mg 265cm>x0.06= 16 2-15
5 8-60 65cm3x0.06= 3.9
2-3 0.5-3.75 4.2 cm3x0.06= 0.25
Daunorubicin 8 32-240mg 265cm3x0.06= 16 2-15
5 8-60 65cm®x0.06= 3.9
2-3 0.5-3.75 4.2 cm3x0.06= 0.25
Mitoxantrone 8 8-32 265c¢m>x0.06= 16 0.5-2
5 2-8 65cm3x0.06= 3.9
2-3 0.12-0.5 4.2cm3x0.06= 0.25
[00175] Doxorubicin Hydrochloride Liposome Injection is approved for the treatment of patients

with ovarian cancer whose disease has progressed or recurred after platinum-based chemotherapy, AIDS-
related Kaposi's sarcoma in patients after failure of prior systemic chemotherapy or intolerance to such
therapy and multiple myeloma. Doxorubicin hydrochloride liposome injection can cause myocardial
damage with the risk of cardiomyopathy being 11% when the cumulative anthracycline dose was between
450 mg/m? to 550 mg/m?. Serious, life-threatening, and fatal infusion-related reactions can occur with
doxorubicin hydrochloride liposome injection. Acute infusion-related reactions occurred in 11% of patients

with solid tumors.

[00176] As noted above, potential applications of the formulations of the invention include direct
administration (e.g., injection) into a malignant cancer or sarcoma mass in the body. In certain
embodiments, potential treatment sites include, but are not limited to, the following cancers or tumors: a
hepatocellular carcinoma, a metastatic cancer of the liver, an advanced hepatocellular carcinoma, a

pancreatic cancer, an adenocarcinoma, a mastocytoma or a mast cell tumor, an ovarian cancer, a non-small
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cell lung cancer, a small cell lung cancer, melanoma, retinoblastoma, breast tumor, colorectal carcinoma, a
histiocytic sarcoma, a brain tumor, an astrocytoma, a glioblastoma, a neuroma, a neuroblastoma, a colon
carcinoma, cervical carcinoma, sarcoma of any organ, prostate tumor, bladder tumor, tumor of the
reticuloendothelial tissues, Wilm's tumor, Kaposi's sarcoma, a cancer, or an osteosarcoma of bone, a renal
cancer, or head and neck cancer, oral cancer, a laryngeal cancer, or an oropharyngeal cancer, breast cancer,
genitourinary cancer, gastrointestinal cancer, epidermoid cancer, melanoma and metastasis to bone. In a
broader sense of the invention, the formulations and treatments of the invention may be used to treat a
proliferative disease selected from hyperproliferative conditions such as hyperplasias, fibrosis (especially
pulmonary, but also other types of fibrosis, such as renal fibrosis), angiogenesis, psoriasis, atherosclerosis
and smooth muscle proliferation in the blood vessels, such as stenosis or restenosis following angioplasty.
In certain embodiments, the formulations and treatments are used with respect to gastrointestinal cancers
other than pancreatic cancer. In some embodiments, the proliferative disease is cancer. In some
embodiments, the proliferative disease is a non-cancerous disease. In some embodiments, the proliferative
disease is a benign or malignant tumor, and encompasses metastasis in the original organ or tissue and/or in
any other location of the tumor. In some embodiments, there is provided a method of treating a primary
tumor. In some embodiments, there is provided a method of treating cancer that has metastasized from the
primary tumor. In some embodiments, there is provided a method of treating cancer at advanced stage(s). In
some embodiments, there is provided a method of treating breast cancer (HER2 positive or HER2 negative),
including, for example, advanced breast cancer, stage IV breast cancer, locally advanced breast cancer, and
metastatic breast cancer. In some embodiments, there is provided a method of treating lung cancer,
including, for example, non-small cell lung cancer (NSCLC, such as advanced NSCLC), small cell lung
cancer (SCLC, such as advanced SCLC), and advanced solid tumor malignancy in the lung. In some
embodiments, there is provided a method of treating any of ovarian cancer, head and neck cancer, gastric
malignancies, melanoma (including metastatic melanoma), colorectal cancer, pancreatic cancer, and solid

tumors (such as advanced solid tumors).

[00177] In the methods of the invention, the chemotherapeutic agent is preferably administered
directly into the malignant mass of the cancer or sarcoma of the body via (direct) injection. For superficial
malignant disease of skin, eye, tongue, mouth, thyroid, breast, cervix, uterus, anus, prostate, penis, vagina,
sarcoma of the bone, carcinoma of urethra, etc., the basic chemotherapeutic drug such as an anthracycline
base, eribulin base, a vinca alkaloid base or an alkylating agent base can be injected with the syringe directly

into the malignant mass without dilution.

[00178] In certain embodiments of the invention, the injectable formulation of the invention is

injected with a syringe directly into a malignant mass. This embodiment is particularly useful, e.g., for
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cancer of the liver, kidney, gall bladder, ovary, oviduct, pancreas, metastasis of lymph node or direct

peritoneum invasion of the abdominal cavity through the hole of laparoscopic surgery.

[00179] In certain embodiments of the invention, the injectable formulation of the invention is
injected into the malignant mass with a syringe or needle through a nasopharyngoscope. This embodiment is

particularly useful, e.g., for a cancer of the nasopharynx.

[00180] In certain embodiments of the invention, the injectable formulation of the invention is
injected using a syringe through the skin into the malignant mass with the assistance of ultrasound. This

embodiment is particularly useful, e.g., for cancer of the liver, kidney and gall bladder.

[00181] In certain embodiments of the invention, the injectable formulation of the invention is
injected laparoscopically with a needle into the malignant mass. This embodiment is particularly useful, e.g.,
for cancer of the ovary, oviduct, pancreas, metastasis of lymph node or direct peritoneum invasion of the

abdominal cavity.

[00182] In certain embodiments of the invention, the injectable formulation of the invention is
injected into the malignant mass through an enteroscope or via combination therapy with a laparoscopic or
thoracoscopic surgery. This embodiment is particularly useful, e.g., for a carcinoma or sarcoma of

esophagus, stomach, duodenum, and/or small intestine.

[00183] In certain embodiments of the invention, the injectable formulation of the invention is
injected with a needle into the malignant mass through colonoscopy or combination therapy with the
laparoscopic surgery. This embodiment is particularly useful to treat, e.g., a carcinoma or sarcoma of large

intestine and/or rectum.

[00184] In certain embodiments of the invention, the injectable formulation of the invention is
injected with a needle of a fiber bronchoscope into the malignant mass. This embodiment is particularly

useful to treat, e.g., a carcinoma or sarcoma of the throat, lung and/or trachea.

[00185] In certain embodiments of the invention, the injectable formulation of the invention is
injected with a syringe under the help of ultrasound, x-ray, CT scan, MR scan or via the hole of a thoracic
wall of thoracoscopic surgery. This embodiment is particularly useful to treat, e.g., a carcinoma of the lung

and thorax, lymphoma of the thorax or lymph node metastasis in the thorax.

[00186] In certain embodiments of the invention, the injectable formulation of the invention is
injected into the malignant mass with a needle through a cystoscope, or through the hole made in the
abdominal wall during laparoscopic surgery. This embodiment is particularly useful to treat, e.g., a

carcinoma or sarcoma of the urinary bladder.
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[00187] In certain embodiments of the invention, the injectable formulation of the invention is
injected into the malignant mass with a syringe or a needle via a hysteroscope. This embodiment is
particularly useful to treat, e.g., a carcinoma or sarcoma of the uterus, a carcinoma of the cervix, a

endometrial carcinoma.

[00188] In certain embodiments of the invention, the injectable formulation of the invention is
injected into the malignant mass with a needle through a laryngoscope. This embodiment is particularly

useful to treat, e.g., a carcinoma or sarcoma of the pharynx and/or larynx.

[00189] In certain embodiments of the invention, the injectable formulation of the invention is
injected with the needle into the malignant mass after a hole is drilled in the corresponding bone of the skull
under the help of fiber scope, X-ray, CT scan or MR scan. This embodiment is particularly useful to treat,

e.g., a carcinoma of the brain.

[00190] One skilled in the art will appreciate that the doses for the cancer or sarcoma of different

organs is dependent on the size or volume of the mass to be treated.

[00191] One skilled in the art will appreciate that the time interval between 2 local injection of the
cancer or sarcoma of different organs is dependent on the doubling time of the growth of the mass of tumor

to be treated.

[00192] In certain preferred embodiments, the formulation comprises a therapeutically effective dose
(e.g., about 38 mg) of doxorubicin base in about 20 ml of pharmaceutically acceptable carrier (e.g., PEGs).
In general, the dosage is from about 1 to about 10 ml of the solution or suspension, depending on the size or
volume of the mass. The volume of the drug used preferably should be smaller than about 6% of the mass;
otherwise the liquid will flow out of the injection site. In certain embodiments, the tumor is injected with
drug once a week. The number of injections and the time between injections is within the knowledge of
those skilled in the art, and is dependent in part on the size or volume of the tumor. In certain embodiments,

the time between two injections is about one week.

[00193] In certain preferred embodiments, the formulation comprises 15mg per ml of daunorubicin
base and the pharmaceutically acceptable carrier is a mixture of oleic acid and ethanol with acetic acid and
sodium hydroxide as the buffer. In general, the dosage is from about 1 to about 10 ml of the solution,
suspension or emulsion depending on the size or volume of the mass. The volume of the drug used
preferably should be smaller than 6% of the mass; otherwise the liquid will flow out of the injection site. In
certain embodiments, the tumor is injected with drug once a week. In another embodiment, the tumor is
injected every four days. The number of injections, the time between injections and the concentration of the
injection depends on the size of the tumor and the type of the tumor, which is within the knowledge of those

skilled in the art. In certain embodiments, the time between two injections is about one week. In other
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embodiment the time between 2 injections of 2 cycles of treatment is from about 4 to about 10 days. Some

cancer has shorter doubling time, therefore the interval of injection may be 4 days or shorter.

[00194] In certain embodiments, the injectable formulation is administered by using a fiberscope,
particularly in places that are hard to reach via injection. The use of a fiberscope is considered minimally
invasive surgery. It is contemplated that the basic chemotherapeutic agent (e.g. anthracycline base, vinca
alkaloid base or alkylating agent base) can be administered to a tumor within the intracerebral, intrathoracic
or intraperitoneal cavity through the use of a fiberscope, a syringe of a laparoscope, thoracoscope or other
medical instrument. For example, in certain embodiments wherein the primary tumor has metastasized, the
injectable formulations of the present invention are administered to both the primary malignant mass and

any secondary tumors.

[00195] The methods of the present invention enable killing of cancer cells without harm to normal
cells (which occurs when the chemotherapeutic agent is systemically administered) with less trauma to the
patient. The direct injection of the basic chemotherapeutic agent (e.g. anthracycline base, vinca alkaloid
base or alkylating agent base) into the malignancy also greatly reduces or eliminates many common side
effects. For example, replacing surgery with direct injection of the e.g. daunorubicin base into the
malignancy prevents disfigurement of the face of a patient with carcinoma of tongue or mouth, the loss of a
breast in a patient with breast cancer, amputation of a leg in a patient with sarcoma of the bone and loss of
the uterus of a patient with cancer of cervix or early stage cancer of the uterus. Direct injection of the
anthracycline base, eribulin base, vinca alkaloid base or basic alkylating drug into a malignancy also reduces
or eliminates side effects such as myelosuppression, neurotoxicity, lung injury, pulmonary fibrosis, acute
cardiotoxicity, heart failure, intracardiac conduction disorders and arrthythmias, gastrointestinal reactions,

and/or alopecia.

[00196] Cancer 'seeds’ grow in certain selected sites only ('soil’) as hypothesized in the soil and seed
hypothesis of cancer metastasis. If the metastasis and the primary mass of a malignancy is small, it cannot
threaten the life of patient. If the tumor is large, it can be detected easily with the help of a CT scan or MR
scan or fiberscope. With the assistance of a fiberscope and/or laparoscope, formulations of the present
invention (containing e.g. an anthracycline base, a vinca alkaloid base or a basic alkylating drug as the
active ingredient) can be injected directly into a large tumor without affecting the normal (surrounding)
tissue, enabling the killing of cancer cells (e.g., making the mass smaller or shrinking the tumor), delaying
or stopping the growth of the malignant mass, and enabling patients with advanced cancer to live with the
tumor. When the basic chemotherapeutic drug, such as an anthracycline base, a vinca alkaloid base or an
alkylating agent base, is injected into the tumor, the drug flows along the blood vessel or the lymphatic
vessel to the metastasis, and it kills the metastasis cell. The injection of basic chemotherapeutic drug into the

tumor results in little trauma to the patient and can be repeated, e.g., many times per month.
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Manufacture

[00197] The injectable formulation of the invention may be prepared for use in any of a variety of
ways known to those skilled in the art. The formulation may be prepared in advance and stored until needed,
in sterile form with the optional inclusion of effective amounts of preservatives. Alternatively, it may be
preferable to store the basic chemotherapeutic drug in solid or liquid form and reconstitute the formulation
into an injectable formulation at a time shortly before it is to be administered, i.e., one hour or less prior to
use, or preferably about fifteen minutes prior to use. In such a case, the basic chemotherapeutic drug
including an anthracycline base, eribulin base, a vinca alkaloid base or alkylating agent base is stored

separately from the biocompatible carrier.

[00198] Prior to use, the basic chemotherapeutic agent, e.g. an anthracycline base, eribulin base, a
vinca alkaloid base or an alkylating agent base, is preferably contained in a pharmaceutical acceptable
carrier. Examples of pharmaceutically acceptable carriers include one or more of PEG, ethanol, glycerol,
propylene glycol, tert-butyl-alcohol, oleic acid, a medium chain triglyceride, vegetable oil, polysorbate and
the like, as well as combinations thereof. Pharmaceutically acceptable carriers must be compatible with both

the components of the composition and the (e.g., human) patient.

[00199] In certain preferred embodiments, the formulation of the invention comprises anthracycline
base together with a PEG, ethanol, glycerol, propylene glycol, tert-butyl-alcohol and oleic acid. In certain
preferred embodiments, the PEG has a molecular weight from about 100 to about 400, preferably from
about 200 to about 400 or preferably from about 200 to about 300 and most preferably the PEG is selected
from PEG20, PEGs00, PEGa, and mixtures of any of the foregoing.

[00200] In certain embodiments, the anthracycline base is insoluble in water. In certain
embodiments, the anthracycline base comprises daunorubicin base, doxorubicin base, epirubicin base,
valrubicin base, amrubicin base, pirarubicin base, idarubicin base, mitoxantrone base, and/or aclarubicin
base or combinations thereof. In such embodiments, the injectable composition preferable contains one or
more organic excipients for injection that can dissolve or suspend the anthracycline base sufficiently to
inject it into desired site, e.g., the malignant mass. In certain embodiments, the injectable composition does
not contain other solvents. In other embodiments, the injectable formulation contains alcohol. In other
embodiments, the injectable formulation does not contain any alcohol. In other embodiments, the injectable
composition further contains one or more pharmaceutically acceptable excipients, such as, but not limited
to, ethyl oleate, benzyl benzoate, polysorbate, PEG, oleic acid, cholesterol, phospholipid, propylene glycol,
glycerin, ethyl alcohol, niacinamide, dimethyl sulfoxide, dimethylacetamide, polysorbate, surfactants (e.g.,

non-ionic surfactants), organic acid, etc. In certain preferred embodiments, the excipients in the injectable
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composition comprise PEG, oleic acid, median chain triglycerides, vegetable oil, glycerol and ethanol. In
certain preferred embodiments, the injectable composition is for direct injection into local cancer tissue, and
is not intended for venous injection. In certain embodiments, the injectable composition includes two or

more anthracycline bases.

[00201] In certain embodiments, the concentration of the anthracycline base in the pharmaceutically
acceptable solvent (carrier) for injection is from about 0.5 mg/1ml to about 25 mg/ml. In certain preferred
embodiments, the concentration of the anthracycline base in the pharmaceutically acceptable solvent
(carrier) for injection is from about 5 mg/5ml to about 25 mg/5ml. In other preferred embodiments, the
concentration of the anthracycline base in the pharmaceutically acceptable solvent (carrier) for injection is

from about 5 mg/ml to about 20 mg/ml.

[00202] In certain embodiments, the injectable formulation may include a buffer. The buffer is used
in an appropriate amount to adjust the pH of the formulation to an injectable range, for example about pH
3.5 to about pH 7, and preferably about pH 4 to about pH 6.0. The buffer may be, for example, sodium
phosphate, disodium hydrogen phosphate, sodium dihydrogen phosphate, potassium phosphate, dipotassium
hydrogen phosphate, potassium dihydrogen phosphate, sodium carbonate, sodium bicarbonate, arginine,
triethanolamine, acetic acid, malic acid, fumaric acid, tartaric acid, maleic acid, succinic acid and citric acid.

The injectable formulation may contain two or more buffers.

[00203] In certain embodiments, the injectable formulation may include an isotonic agent to adjust
the osmotic pressure of the present formulation to an injectable range. The isotonic agent may be, for
example, sodium chloride, and D-mannitol. Preferably, the isotonic agent is D-mannitol. In other preferred

embodiments of the invention, the isotonic agent is sodium chloride.

[00204] In certain embodiments of the present invention, the injectable formulation of the present
invention is premixed and stored in a pharmaceutically acceptable container (e.g., a vial) for later use. In
such embodiments, it is preferable that the injectable formulation is one that provides adequate stability in
accordance with guidelines provided, e.g., by governmental regulatory authorities such as the United States
Food and Drug Administration (“FDA”). In other embodiments, it is contemplated that the basic
chemotherapeutic drug (e.g. an anthracycline base, a vinca alkaloid base or a basic alkylating agent) will be
separately supplied and mixed together with inactive pharmaceutically acceptable ingredients such as those
described herein within a short time or immediately prior to being injected into the tumor of e.g., a human
patient. In such embodiments, the basic chemotherapeutic drug may be stored in one container and a
pharmaceutically acceptable carrier for injection stored in another container, the pharmaceutically
acceptable carrier being an organic liquid. After mixing the contents of the two containers, a
pharmaceutically acceptable injectable formulation is preferably formed, which in certain embodiments may

be a suspension and may provide a sustained release of the anthracycline base, the vinca alkaloid base or the
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alkylating agent base. The injectable formulation of the invention can be administered through the following
steps; i.e., from a vial filled with the present formulation, the content is transferred into an injection syringe

via a needle and then administered directly into a tumor(s).

[00205] Furthermore, in certain embodiments, the present formulation may comprise one container
such as a vial containing crystallized or lyophilized anthracycline base to give a powder-filled formulation.
The lyophilized formulation or the powder-filled formulation can be administered by mixing the contents of
that vial with a second vial that contains the pharmaceutically acceptable excipients needed to deliver the
anthracycline base to the tumor. For example, the second vial may comprise an injectable liquid for the e.g.
anthracycline base and the final formulation is prepared by mixing the anthracycline base of the first vial
with the injectable liquid of the second vial just before use. Further, the injectable liquid of the second
container may be e.g., sterilized and/or sterilized by filtration and then filled in a vial. The particles of the
anthracycline base can be filled into vials and then sterilized by gamma-irradiation. The e,g. anthracycline
base particles and the suspension (or solution) medium may be extemporaneously mixed so as to suspend or

dissolve the chemotherapeutic particles in the vehicle for injection before administration.

[00206] In certain embodiments, the base chemotherapeutic agent is prepared by desalination of an
acidic salt of the chemotherapeutic agent at the time of manufacture of the injectable formulation because
many premanufactured chemotherapeutic bases are not stable. In certain other embodiments, e.g. when the
chemotherapeutic agent is mitoxantrone or merchlorethamine, the basic form is stable and is preferably

made before manufacture of the injectable formulation.

[00207] The injectable formulation according to the present invention may be useful for
administration with a sustained-release of the anthracycline base, vinca alkaloid base or alkylating agent
base for at least 1 hour, at least 3 hours, at least4 hours, at least 5 hours, at least 6 hours, at least 12 hours, at

least 24 hours, at least 30 hours, at least 36 hours, at least 48 hours or more.

[00208] The present invention relating to intratumor injection of basic chemotherapeutic agents and
in particular, anthracyclines, can prevent the occurrence of the systemic side effects of intravenous
injections because anthracycline base is insoluble in water and cannot be carried away from the site of
injection to distant organs. Anthracycline hydrochloride injections are only useful for intravenous injections
and are not appropriate for use in a malignant mass because they are not lipid soluble and cannot pass
through the cell membrane of cancer cell. Anthracycline base injections are only for intra-tumor injection
and are good for use in a malignant mass because they are lipid soluble and can pass through the cell
membrane of cancer cell. Anthracycline hydrochloride injections contain more than 96% of water by
volume, which is stable at 2-80 °C but anthracycline base injections contain no more than 15% of water by

volume of the solution and are only stable when stored below -5 °C.
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[00209] In one method of producing the water in oil emulsion of the present invention, the acidic salt
of a chemotherapeutic drug was desalinated in an aqueous medium by a basic chemical or basic salt to
produce a basic chemotherapeutic drug, sodium chloride or sodium sulfate (a neutral salt), and water. The
basic chemotherapeutic drug formed during desalination was then mixed with a mixture of an organic
solvent such as ethanol with oleic acid, MCT, PEG, glycerol or vegetable oil. A weak acid was added to the
mixture as a buffering agent to increase the solubility of the basic chemotherapeutic drug in the emulsion.
Next, the aqueous solution was dispersed in the oil phase after stirring of the mixture. When the organic

solvent is a weak acid, such as oleic acid.

[00210] Daunorubicin base is a deep brown powder. The daunorubicin base is different from
daunorubicin hydrochloride in that it has a smaller molecular weight of 527.5 g/mol. Its molecular formula
is Co7H 20NO 1. For 10 mg per ml of water, its pH is 9.3. Daunorubicin base is insoluble in water, but

slightly soluble in an organic liquid such as oleic acid, PEG and ethanol. It is not stable in base form.

[00211] The daunorubicin intratumor injectable formulation of the present invention can be a
solution, suspension or water in oil (W/O) type nano emulsion. In a daunorubicin intratumor injectable
solution, the daunorubicin base is completely soluble in the organic solvent, which may be a mixture of
ethanol with oleic acid, PEG, glycerol or other organic chemicals. In a daunorubicin intratumor injectable
suspension, the daunorubicin base is incompletely soluble in the organic solvent because the concentration
of the daunorubicin is too high. The daunorubicin base of the over-saturated solution is precipitated from the

mixture.

[00212] The water in 0il nano emulsion is manufactured by dissolving a certain amount daunorubicin
hydrochloride (e.g. from about 0.3% to about 2.5%) and the same molar weight of sodium hydroxide in a
sufficient amount of water (e.g. from about 4 to about 6% of the v/v of the injection in the container). The
desalination base can be other such as sodium carbonate, bicarbonate, sodium acetate, potassium hydroxide,
potassium acetate, potassium carbonate, bicarbonate, etc. Then a suitable amount of organic liquid, such as
ethanol and oleic acid (e.g from about 90% to about 96%), is added into the container to dissolve the basic
chemical produced, and a small amount of acetic acid as the buffer. The solution of the invention is then
passed through a 0.22 micron filter and then about 2.2 ml of filtrate is filled into a vial under nitrogen. The
concentration to produce 2mg/ml is 0.2% and to produce 20mg/ml is 2%.

[00213] The daunorubicin intratumor injectable water in oil nano emulsion comprises daunorubicin
base (e.g. from about 0.2% to about 2.5%) dissolved in an organic solvent (e.g. from about 90% to about
96%), water (e.g. from about 4% to about 6%), oleic acid (e.g. from about 40 to about 85%), an alcohol such
as ethanol or benzyl alcohol (e.g. from about 60% to about 15%), and acetic acid as buffer (e.g. from about
0.1% to about 0.5%). It is not stable when stored at room temperature for two months, but is stable when

stored below -5 °C for eight months.
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[00214] Another method of producing the intra tumor injection involves mixing the daunorubicin
base with an alcohol and oleic acid. However, no suitable daunorubicin base is currently available for
purchase on the market. If the base is manufactured before the formulation production, the process is
complicated, time consuming and the resulting free base produced is not stable for a long period of time, the
related matter may not comply with the requirement of the specification and may not be suitable for
commercial use. Therefore, it is preferrable to produce the anthracycline base during production of the

formulation.

[00215] The intratumor injectable formulation may comprise a kit with one bottle containing
daunorubicin base and a second bottle containing an organic liquid comprising alcohol, ethanol, benzyl
alcohol, PEG, oleic acid, a median chain triglyceride, polysorbate, etc., or mixtures thereof. The kit is
designed for mixing before administration into a malignant mass including a cancer or sarcoma. As the
product formed after mixing the two bottles of the kit will be injected immediately, it does not matter

whether the drug formed is the solution, suspension, emulsion or mixtures thereof.

[00216] Doxorubicin base has a molecular formula of C27H»NO ;. Its molecular weight is
543.5g/mol. It is slightly soluble alcohols; moderately soluble in anhydrous methanol. The pH of 10 mg of
doxorubicin base in 5 ml of water, is 7.9. There currently are no formulations of doxorubicin base on the

market.

[00217] The doxorubicin intratumor injectable formulation of the present invention can be a solution,
a water in oil type nano emulsion, or a suspension. The method of production of the doxorubicin base
injection can be in the form of a solution, a suspension or a water in oil emulsion similar to that of
daunorubicin basic intratumor injection. The nano emulsion comprises doxorubicin base (e.g. from about
0.2% to about 1.5%) dissolved in the organic solvent by volume (e.g. from about 85% to about 96%). The
preferred embodiment comprises from about 40 to about 85% of oleic acid, from about 60% to about 15%
of an alcohol such as ethanol, benzyl alcohol, or mixtures thereof, from about 4 to about 15% of water and
from about 0.1% to about 1% of acetic acid as buffer. It is not stable when stored at room temperature for
two months, but is stable when stored below -5 °C for two months. The invention can be manufactured, e.g.,
by reacting from about 0.2% to about 1.5% of a doxorubicin hydrochloride and the same molar weight of
sodium hydroxide in about 5% of water for injection of the v/v of the injection in a container. The
desalination base can be e.g., sodium carbonate, bicarbonate, sodium acetate, sodium phosphate, bi-sodium
phosphate, potassium carbonate, potassium bicarbonate, potassium acetate or potassium phosphate or
mixtures thereof. to form doxorubicin base. Then e.g. from about 85% to about 96% of an organic liquid
such as ethanol and e.g. from about 40% to about 85% of oleic acid is added into the container, which is

added with e.g. from about 0.1% to about 0.5% of acetic acid as the buffer.
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[00218] The epirubicin intratumor injectable formulation of the invention is an organic solution,
suspension or a water in oil type nano emulsion. The nano emulsion comprising e.g., from about 0.2% to
about 1.5% of epirubicin base dissolved in e.g. from about 85% to about 96% of the organic solvent by
volume. The preferred embodiment comprises from about 30 to about 85% of oleic acid, from about 70 to
about 15% of an alcohol such as ethanol, benzyl alcohol, or mixtures thereof, from about 4% to about 15%
of water, and from about 0.1% to about 1% of acetic acid as buffer. The formulation is not stable when

stored at room temperature for e.g. two months, but is stable when stored below -5 °C for eight months.

[00219] The water in oil type nano emulsion of the epirubicin base formulation of the present
invention was manufactured by reacting an epirubicin hydrochloride and the same molar weight of sodium
hydroxide in about 4% to about 15% of water for injection of the v/v of the injection in a container. The
base for desalination can be sodium carbonate, bicarbonate, sodium acetate, sodium phosphate, bi-sodium
phosphate, potassium carbonate, potassium bicarbonate, potassium acetate, potassium phosphate, etc. In a
preferred embodiment, from about 0.3% to about 1.5% of epirubicin hydrochloride and the same molar
weight of sodium hydroxide was put in from about 4% to about 10% of water of the v/v of the injection in
the container. Then from about 90% to about 96% of an organic liquid, such as ethanol and oleic acid was
added into the container, which was added with from about 0.1% to about 1% of of acetic acid as the buffer.
The solution of the invention was then passed through a 0.22 micron filter after which approximately 4.2 ml

of filtrate is filled into a vial under nitrogen.

[00220] Epirubicin base is free from hydrochloride. The formula of the epirubicin base of the present
invention is Cz7 Hzo NOy; and its molecular weight is 543.5 g/mol. The epirubicin base is a deep brown
powder and is insoluble in water. The solubility of epirubicin base in water is 0.093 mg per ml. The pH of

epirubicin base in water is pH 8.0. Currently, there is no epirubicin base formulation in the market.

[00221] The epirubicin intratumor injectable solution or suspension of the invention was
manufactured by direct mixing epirubicin base (e.g. from about 0.2% to about 1.5%) with an organic
solvent, solution or a mixture thereof (e.g. from about 98.5% to about 99.8%). The organic liquid comprises
an alcohol such as ethanol or benzyl alcohol, PEG, oleic acid, a median chain triglyceride, polysorbate, etc.,

or mixtures thereof.

[00222] The mitoxantrone contained in the present invention is a mitoxantrone base which does not
have hydrochloride. The formula of mitoxantrone base is C2»H2sN4QOs and its molecular weight is 444.5
g/mol. Mitoxantrone base is sparingly soluble in water; slightly soluble in methanol; practically insoluble in
acetonitrile chloroform and acetone. The pH of mitoxantrone base in water is pH 9.42. (25mg/in 10 ml

water).
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[00223] The mitoxantrone intratumor injectable formulation of the invention is an organic solution,
suspension or a water in oil type nano emulsion. The nano emulsion comprises a mitoxantrone base (e.g.
from about 0.05% to about 0.2%) dissolved in an organic solvent by volume (e.g. about 99.5%). The
preferred embodiment comprises from about 30% to about 85% of oleic acid, from about 70% to about 15%
of an alcohol, such as ethanol, benzyl alcohol, or mixtures thereof, from about 1% to about 5% of water, and
from about 0.1% to about 1% of acetic acid as buffer. It is not stable when stored at room temperature for

two months, but is stable when stored below -5 °C for e.g. three months.

[00224] The water in oil type nano emulsion of the mitoxantrone base formulation of the present
invention is manufactured by reacting mitoxantrone hydrochloride (e.g. from about 0.05% to about 0.2%)
with the same molar volume of sodium hydroxide in water for injection of the v/v of the injection in a
container (e.g. from about 4% to about 10%). The base for desalination can be sodium carbonate,

bicarbonate, sodium acetate, sodium phosphate, bi-sodium phosphate, potassium carbonate, potassium

bicarbonate, potassium acetate, potassium phosphate, etc. Then an organic liquid, such as ethanol and oleic
acid (e.g. from about 90% to about 96%), is added into the container, which is added with acetic acid as the
buffer (e.g. 0.1% to about 0.5%). The solution of the invention was passed through a 0.22 micron filter and

then 4.2 ml of filtrate is filled into a vial under nitrogen.

[00225] The mitoxantrone intratumor injectable solution or suspension of the present invention is
manufactured by direct mixing of mitoxantrone base with the suitable amount of organic solvent, solution or
the mixture. The organic liquid comprises an alcohol such as ethanol, benzyl alcohol, PEG, oleic acid, a

median chain triglyceride, polysorbate, etc., or mixtures thereof.

[00226] The base form of vinca alkaloids differs from the sulfate salt form. A comparison of the base

form of vinca alkaloids with the sulfate form is shown in the Table 2.

Table 2: Comparison of base form versus sulfate salt form of vinca alkaloids

[0001]) Vinblastine Vinblastine Vincristine Vincristine Vindesine | Vindesine
H2S04 H2S04 H2S04
MW (g/mol) 811 909.1 825 923 753.9 852
Solubility in H20 no yes no yes no yes
Solubility in oil yes no yes no yes no
Solubility in ethanol yes no yes no yes no
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[00227] The vinblastine intratumor injection of the present invention may be an organic solution,
suspension or a nano water in oil type emulsion. The vinblastine intratumor injection solution was produced
by the addition of vinblastine base into an organic liquid such as an alcohol, a median chain triglyceride,

glycerol, vegetable oil, oleic acid, PEG or mixture of any of the above.

[00228] The vinblastine intratumor nano water in oil emulsion injection of the present invention is
manufactured by reaction of vinblastine sulfate (e.g. 0.1% to about 1%) with about the same molar weight
of a basic solution, such as NAOH, sodium acetate, sodium carbonate, disodium phosphate, and sodium
phosphate, sodium citrate, potassium salt, potassium hydroxide, potassium acetate etc. The resulting
vinblastine base is mixed with e.g. from about 95% to about 99% of a mixture of ethanol (e.g. 20% to about
70%) with a median chain triglyceride, glycerol, vegetable oil, oleic acid, PEG or a mixture of any of the
above (e.g. 30% to about 80%). Then a small amount of acetic acid is added as the buffer (e.g. 0.1% to
about 0.5%). The solution of the invention was passed through a 0.22 micron filter and then 4.2 ml of filtrate

is filled into a vial under nitrogen.

[00229] Vinblastine sulfate is soluble in water, but vinblastine base is not soluble in water. The
molecular formula of vinblastine base is C4sHssN4Oo and the molecular weight is 811 g/mol. It is a light
green to white powder. Vinblastine is practically insoluble in water, but soluble in alcohol, acetone,

chloroform, ethyl acetate and is unstable at room temperature.

[00230] Vinblastine sulfate injections contain more than 95% of water by volume, but the water
content of vinblastine base injection contains no more than 10% by volume of the injection. The water

content of vinblastine base injection may be as low as less than 3% of the volume of the injection.

[00231] Vincristine base is not soluble in water. The vincristine intratumor injection may be an
organic solution, suspension or a nano water in oil type emulsion. The method of production of vincristine
intratumor injection is similar to that of vinblastine intra tumor injection. The solvent of the solution may
comprise different organic liquids such as a median chain triglyceride, glycerol, vegetable oil, oleic acid,
ethanol or a mixture of any of the above. For a vincristine base injection solution or suspension, the
formulation contains no more than 1% of water by volume of the injection. The vincristine intratumor
injection solution of the present invention is produced by the addition of from about 0.5% to about 1% of
vincristine base into a mixture of from about 15% to about 70% of alcohol with from about 30% to about
85% of an organic liquid such as a median chain triglyceride, glycerol, vegetable oil, oleic acid, or mixture

of any of the above.

[00232] A vincristine intratumor injection nano water in oil emulsion is produced by the reaction of
vincristine sulfate (e.g. 0.05% to about 0.5%) with about the same molar weight of a base in from about 1%

to about 10% of aqueous solution, after which a mixture of about 90% to about 99% of organic solvent was
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added, the organic solvent containing an alcohol with from about 15% to about 70% of the volume of the
emulsion, from about 30% to about 85% of a different organic liquid such as median chain triglyceride,
glycerol, oleic acid, vegetable oil, or mixture of any of the above, is added into the resultant mixture of the
above reaction. The alcohol can comprise e.g. ethanol, benzyl alcohol and is used to reduce the viscosity of
the injection. The nano emulsion contains from about 1.5 to about 10% of water by volume,-from about
0.1%_ to about 0.5% of acetic as the buffer. The amount of water should not be too high otherwise the
emulsion will break into two layers. The pH of the emulsion was about 4.-6.05. Vincristine intratumor
injection nano water in oil emulsion contains ethanol and oleic acid and the average particle size was 15.3
nm. For vincristine intratumor injection emulsion containing the ethanol and glycerol, the average particle
size was 115.2 nm. This may be due to the high viscosity of the glycerol which might not have been

homogenized to make the particle smaller.

[00233] Vindesine base is amorphous solid, its mp >250°C. The molecular formula of vindesine base
is C43Hs5sN507 and its molecular weight is 753.93. It is a powder at room temperature and is practically

insoluble in water. It is soluble in alcohol, acetone. There is not any vindesine base injection on the market.

[00234] The vindesine intratumor injection may be an organic solution, suspension or a nano water in
oil type emulsion. The vindesine intratumor injection solution or suspension is produced by the addition of
vindesine base into a mixture of alcohol with a different organic liquid such as median chain triglyceride,
glycerol, vegetable oil, oleic acid, or mixture of any of the above. But the vindesine base is not stable it is

not easy to commercialize the base chemicals.

[00235] Vindesine intratumor injection nano W/O type emulsion is produced by the desalination of
from about 0.05% to about 1% of vindesine sulfate with about the same molar weight of sodium hydroxide
aqueous solution, then a mixture of from about 15% to about 70% of alcohol with a different organic liquid
such as a median chain triglyceride, glycerol, vegetable oil, oleic acid, or mixture of any of the above in an
amount of from about 30% to about 70% is added into the resulting vindesine base mixture produced during
desalination. The resulting vindesine base injection contains no more than 5% of water by volume of the
injection and it is an oily solution. The nano emulsion contains from about 1.0% to about 5% of water by
volume, from about 0.1% to about 1% of acetic acid as the buffer. The amount of water should not be too

high otherwise the emulsion will break into two layers. The pH of the emulsion was about 4.-6.05.

[00236] Mechlorethamine base intratumor injection may be an organic solution, suspension or a nano
water in oil type emulsion. The mechlorethamine intratumor injection solution is produced by the addition
of from about 0.1% to about 1% of mechlorethamine base into a mixture of from about 15% to about 70%
of an alcohol with a different organic liquid such as a median chain triglyceride, glycerol, vegetable oil,
oleic acid, or mixture of any of the above. The proportion of the organic solvent beside alcohol is about

30% to 85% of the volume of the emulsion
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[00237] The mechlorethamine base is produced by reaction of from about 0.1% to about 1% of
mechlorethamine hydrochloride with an equal molar weight of sodium hydroxide aqueous solution in a large
beaker, then from about 1 to 10 times of the weight of the mechlorethamine base of trichloromethane is
added into the beaker, the contents of which was transferred into a separating funnel. The mechlorethamine
trichloromethane solution is transferred to a rotary evaporator, then the trichloromethane is evaporated out
of the evaporator. The residual liquid is the mechlorethamine base. The mechlorethamine base is a colorless
liquid which is very irritating and dangerous. It will dissolve a plastic glove if it comes in contact with it.
The manufacturing, storage and handling of this chemotherapeutic base is very dangerous and involves
many complicated procedures. Therefore, it is preferable to manufacture the intratumor injection in a
simple way to prevent industrial accidents. The manufacturing of intratumor injection in a nano emulsion is

a safe, convenient and simple process.

[00238] Mechlorethamine intratumor injection nano water in oil type emulsion is produced by the
desalination of from about 0.1% to about 1% of mechlorethamine hydrochloride with the same molar weight
of sodium hydroxide aqueous solution or another chemical base such as sodium carbonate, bicarbonate,
sodium acetate, sodium phosphate, bi-sodium phosphate, and etc. Then a mixture of orgainic liquid from
about 95% to about 99% of the volume of the emulsion was added into the above solution, which contains
from about 15% to about 70% of an alcohol with from about 30% to about 85% of a different organic liquid
such as a median chain triglyceride, glycerol, vegetable oil, oleic acid, or a mixture of any of the above, is
added into the resultant mechlorethamine base mixture produced during desalination. Mechlorethamine base
injection contains no more than 10% of water by volume of the injection and it is an oily solution. The nano
emulsion contains from about 0.1% to about 3% of acetic acid as the buffer. The amount of water should not
be too high otherwise the emulsion will break into two layers. The pH of the emulsion was about 4.-6.05.
The solution of the invention is passed through a 0.22 micron filter and then 2.2 ml of filtrate is filled into a

vial under nitrogen.

[00239] Bendamustine base has a molecular formula of Ci¢H2C1oNsO; and its molecular weight is
358.3 g/mol. Bendamustine is a bifunctional mechlorethamine derivative with alkylating and antimetabolite

activities. There is no bendamustine base injection in the market for intratumor injection.

[00240] Bendamustine base intratumor injection may be an organic solution, suspension or a nano
water in oil type emulsion. Bendamustine intratumor injection solution or suspension is produced by the
addition of from about 1% to about 4% of bendamustine base into a mixture of from about 15% to about
65% of an alcohol with from about 30% to about 80% of a different organic liquid, such as a median chain

triglyceride, glycerol, oleic acid, PEG or mixture of any of the above.

[00241] Bendamustine intratumor injection nano water in oil emulsion is produced by the

desalination of from about 1% to about 4% of bendamustine hydrochloride with about the same molar
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weight of sodium hydroxide aqueous solution, then a mixture of from about 15% to about 65% of an alcohol
with a different organic liquid such as PEG, median chain triglyceride, glycerol, vegetable oil, oleic acid, or
mixture of any of the above, in an amount of from about 30% to about 80% of, was added into the
bendamustine base mixture produced during desalination. Bendamustine base injection contains no more
than 10% of water by volume of the injection and it is a nano emulsion. The nano emulsion contains from
about 0.5% to about 2% of acetic acid as the buffer. The amount of water should not be too high otherwise
the emulsion will break into two layers. The pH of the emulsion was from about 4 to about 6.05. The
solution of the invention is passed through a 0.22 micron filter and then 2.2 ml of filtrate is filled into a vial

under nitrogen.

[00242] Eribulin intratumor injection nano water in oil type emulsion is produced by the desalination
of from about 0.05% to about 1% of eribulin mesylate with about the same molar weight of sodium
hydroxide aqueous solution. Then a mixture of from about 15% to about 70% of alcohol with a different
organic liquid such as a median chain triglyceride, glycerol, vegetable oil, oleic acid, or a mixture of any of
the above in an amount of from about 30% to about 70% is added into the resulting eribulin base mixture
produced during desalination. The resulting eribulin base injection contains no more than 5% of water by
volume of the injection and it is an oily solution. The nano emulsion contains from about 1.0% to about 5%
of water by volume, from about 0.1% to about 1% of acetic acid as the buffer. The amount of water should
not be too high otherwise the emulsion will break into two layers. The pH of the emulsion was about 4.-

6.05.

[00243] The invention may be a solution without water and is prepared by the dissolving of a basic
chemotherapeutic drug into an organic liquid such as daunorubicin base, epirubicin base, amrubicin base,
doxorubicin base or mitoxantrone base in a mixture of ethanol and oleic acid. In other embodiments of the
invention, the solution may be a vinblastine base, vincristine base or a vindesine base dissolved in a mixture
of ethanol with a median chain triglyceride, glycerol, oleic and/or PEG of a molecular weight of 200 to 400.
In another embodiment of the invention, the solution may be an alkylating base including mechlorethamine
base, bendamustine base, chlorambucil, ifosfamide, cyclophosphamide, melphalan, carmustine, lomustine,
streptozocin, busulfan, dacarbazine, temozolomide, altretamine and thiotepa dissolved in a mixture of

ethanol with median chain triglyceride, glycerol, oleic and/or PEG of molecular weight of 200 to 400.

[00244] If the solubility of the chemotherapeutic base in the organic liquid is low and the injection of
the invention contains a higher concentration of a base such as mitoxantrone base, the solution is over
saturated and becomes an injectable suspension. In such cases, there is a problem of sterilization because
most chemotherapeutic bases cannot tolerate terminal heat sterilization. The suspension can be produced by
the addition of preservative. However, the quality of a suspension that contains a preservative is poorer than

that of a solution made by filtration because the basic active drug ingredient is not evenly distributed in the
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liquid and the particle size is different. In addition, the invention may contain bacteria and the endotoxin
may be higher than the solution contained. Another way to produce the basic chemotherapeutic intratumor
injection of the present invention was carried out by directly reacting the acidic salt of the chemotherapeutic
drug with a basic solution such as sodium hydroxide. For example, when producing a mitoxantrone base
injection, the following method was used: 236 mg of mitoxantrone hydrochloride was added into a beaker of
6 ml of water, and then 1 ml of water with 36.7 mg of sodium hydroxide was added into the above solution
of mitoxantrone HCL. 100 ml of glycerol, 85 ml of ethanol and a small amount of acetic acid was added into
the beaker. The pH tested was 6.48, then 0.35 ml of acetic acid was added into the beaker, the pH tested was
4.57. An additional amount of ethanol was added into the beaker until the volume reached 200 ml. The
solution formed was filtered and the filtration was filled into a vial and stoppered. The invention formed in
the above procedure consisted of less than 6% of water, a small amount of sodium chloride, glycerol and
ethanol. The amount of sodium chloride comes from mitoxantrone HCL and is the same molar amount as
the acidic salt. The particle size of the mixture tested was about 50 nm. The mixture of the invention is a

blue clear water in oil nano emulsion.

[00245] The base form of chemotherapeutic agents is difficult to produce and is unstable. The shelf
life of the base of the intermediate of the injection is short. In order to overcome these problems, certain
embodiments of the present invention include the basic chemotherapeutic drug in the injection formulation
of the present invention made by desalination of the acidic salt of chemotherapeutic drug in a column of
octadecyl silane chemically bonded silica (ODS). The base formed in the ODS is washed out and mixed in a
mixture of alcohol with a suitable organic liquid such as a median chain triglyceride, glycerol, oleic acid,
polysorbate and PEG of molecular weight of 200 to 400. This basic solution is free of water and sodium
chloride or sodium sulfate. The basic chemotherapeutic drug has low solubility in organic liquids, even in
the presence of an organic acid. If the solution of the invention has a low concentration of active basic drug,
it will not be potent enough to kill cancer cells because the diffusion of the drug through the cell membrane

is proportional to the concentration of the drug outside the cell membrane.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[00246] The following examples of anticancer formulations in accordance with the present invention
are not to be construed as limiting the present invention in any manner and are only examples of the various
formulations described herein. It is contemplated that injectable formulations of the invention as described
below can be prepared at about the time the patient is to be treated, for example, one vial may contain the
basic chemotherapeutic drug, e.g. an anthracycline base such as doxorubixin base, a vinca alkaloid base or a
basic alkylizing agent and another vial may contain the solvent and any other optional pharmaceutical

excipients suitable for injection, and these materials may then be mixed prior to direct injection into a tumor
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in the patient as described herein. Alternatively, it is also contemplated that the method of manufacture
described herein may be used to prepare a premixed injectable formulation (preferably stable as defined
herein) and that this injectable formulation is then stored in a pharmaceutically acceptable container(s) (e.g.,
vial) under acceptable storage conditions for later use. Scale-up of the methods of manufacture set forth

below are also contemplated.

[00247] The chemotherapeutic base comprising a vinca alkaloid base, an alkylating agent base, an
anthracycline base or eribulin base, may be purchased by an appropriate manufacturer or can be produced in
a laboratory through the desalination of the vinca alkaloid sulfate, eribulin mesylate, anthracycline
hydrochloride or alkylating agent (e.g., bendamustine hydrochloride). The injectable basic chemotherapeutic
formulation of the present invention may be made by adding together a chemotherapeutic base with an
appropriate organic liquid. The manufactured product will be a solution or suspension if the concentration

of the basic chemotherapeutic drug is too high.
EXAMPLE 1: Daunorubicin base formulation comprising Ethanol and PEG 300

[00248] 200 ml of PEGs3g9 was poured into a beaker which was heated to 40°C in a water bath. Then
2.070 gram of daunorubicin base was added into the beaker with stirring (the contents of the beaker was
under shearing conditions). An amount of about 200 ml of dehydrated ethanol was added into the beaker
until the volume of the contents of the beaker reached 400 ml. The resultant solution was passed through a
0.22-micron filter while applying nitrogen, then 4.2 ml of filtrate was filled into a vial and a stopper was

inserted in the vial and then the vial was sealed with an aluminum cap. The solution was red.
EXAMPLE 2: Daunorubicin base formulation comprising PEG3go

[00249] 400 ml of PEG3g was poured into a beaker which was heated in a water bath at 41 °C. Then
2.068 g of daunorubicin base was added into the beaker with mixing and the contents of the beaker were
vibrated by ultrasound vibration for 1 hour. The resultant solution was passed through a 0.22-micron filter
while applying nitrogen, then 5.05 ml of filtrate was filled into a vial and a stopper was inserted in the vial

and then the vial was sealed with an aluminum cap. The solution was deep red.
EXAMPLE 3: Daunorubicin base formulation with 70% PEGy4 & 30% ethanol

[00250] 560 ml of PEGug was poured into a beaker which was heated in a water bath at 30°C. Then
2.743 g of daunorubicin base was added into the beaker with mixing after which 220 ml of dehydrated
ethanol was added into the beaker. The contents of the beaker were vibrated by ultrasound vibration for 5
minutes. An additional amount of about 20 ml of dehydrated ethanol was added into the beaker until the
volume of the contents of the beaker reached a total volume of 800 ml. The resultant solution was passed
through a 0.22-micron filter while applying nitrogen, then 5.3 ml of filtrate was filled into a vial. A stopper

was inserted in the vial and then the vial was sealed with an aluminum cap.
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EXAMPLE 4: Daunorubicin base formulation with 70% oleic acid and 30% alcohol

[00251] 350 ml of oleic acid was poured into a beaker which was heated in a water bath at 30°C.
Then 1.757 g of daunorubicin base was added into the beaker with mixing and then 130 ml of dehydrated
ethanol was added into the beaker. The contents of the beaker were vibrated by ultrasound vibration for 10
minutes. An additional amount of dehydrated ethanol was added into the beaker until the volume of the
contents of the beaker reached 500 ml. The resultant solution was passed through a 0.22-micron filter while
applying nitrogen, then 5.3 ml of filtrate was filled into a vial. A stopper was inserted in the vial and then

the vial was sealed with an aluminum cap.The solution was deep red.
EXAMPLE 5: Daunorubicin base W/O emulsion containing 40% oleic acid and alcohol

[00252] 5 ml of injection water and 4534 mg of daunorubicin hydrochloride was added into a beaker
(B) of 400 ml size, the content was stirred until the daunorubicin HCL was dissolved. 2972 mg of sodium
hydroxide and 10 ml of water for injection was poured into another beaker (A) of 20 ml size. 1 ml of
solution of beaker A was added into beaker B, which was stirred evenly. 82.8 g of dehydrated ethanol was
added into beaker B, the contents of which were stirred too. A small amount of acetic acid /ethanol (ratio Y4)
solution was added into beaker B, until the solution was clear. 71.1 g (80 ml) of oleic acid was added into
beaker B, which was stirred. An additional amount of ethanol was added into the beaker until the weight of
the contents of beaker B reached 171 grams (200 ml). The solution formed was then passed through a filter
of 0.22 um size. 2.2 ml of filtrate was filled into a vial. A stopper was inserted into the vial and the vial was

sealed with an aluminum cap under nitrogen. The solution after filtration was red clear and transparent.

[00253] A number of other formulas of daunorubicin solution was made as in the following tables. It
was found that the related matter was related to the pH of the solution, the range of pH of the injection is

from about 4 to about 6, the preferred pH is from about 4.5 to about 6.

Table 3. Summary of Daunorubicin Injection tested results

Daunoru-
PH Assay bicinone DO{(c!ru- Da}lr)oru- Any ot!\er To.tal of .o.ther Total H20%
Batch No. 36 90-115% <1.0% bicin bicinol Impurity impurities . . Cl% /
" A15% | (SLO%) | 0w | (s1.5%) |<1.0% (s2.5%) | mpurity tw/v)
1030
2ml: 40mg 5.808 103.2% 0.20% 0.07% 0.03% 0.09% 0.35% 0.65% 6.99% 6.12%
1124
2mls 40mg 5.228 100.9% 0.21% 0.16% 0.03% 0.24% 1.03% 1.43% 3.57% 4.34%
1125
4.482 101.3% 0.18% 0.18% 0.04% 0.09% 0.36% 0.76% 5.52% N/A
2ml: 40mg
1202
2ml; 40mg 4.660 83.9% 0.17% 0.23% 0.04% 0.30% 0.86% 1.30% 5.38% N/A
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1203
2mls 40mg 483 | 100.7% | 0.21% 0.25% 0.03% 0.12% 0.38% 0.87% |6.99% | 5.81%
1204
2ml: 30mg | 4.484 | 100.9% | 0.21% 0.19% 0.03% 0.09% 0.48% 0.91% | 5.09% | 4.12%
1208
2ml; 30mg | 4495 | 101.7% | 0.20% 0.21% 0.04% 0.09% 0.52% 0.97% | 6.89% | S5.12%
[00254] The preferred range of oleic acid is from about 35 to about 70% and the range of ethanol is

from about 25 % to about 60% and the amount of water is less than 6.5% (v/v) of the injection. As the LDs
of the oleic acid is low, a concentration of less than 50% of oleic acid is preferable. If the contents of the
ethanol are too high, the injection will not become solid below 0 °C; if the injection is in liquid state, the
invention is not stable. Therefore, the preferred content of ethanol was from about 25% to about 60% of the

volume of injection.

[00255] The invention above is a water in oil nano emulsion. The water content is from about 4% to
about 7% v/v of the injection and the diameter of the microsphere of the daunorubicin base injection tested

by PPS is about 51-54.3 nanometer. The nano emulsion contains aqueous sodium chloride solution.

[00256] It is Applicant’s position that Fig. 1, which shows an intensity-weighted NICOMP
distribution analysis, evidences that the formulation is an emulsion as would be understood by one of skill in

the art.

EXAMPLE 6: Mitoxantrone base formulation comprising oleic acid and ethanol

[00257] 250 ml of oleic acid and 180 ml of dehydrated ethanol was poured into a beaker which was
heated by a water bath to 30 °C, then 507 mg of mitoxantrone base was added into the beaker with mixing.
The contents of the beaker were vibrated by ultrasound for 10 minutes. The solution was deep blue. An
additional amount of dehydrated ethanol was added into the beaker until the volume of the contents of the
beaker reached 500 ml. The resultant solution was passed through a 0.22-micron filter while applying
nitrogen, then 5.2 ml of filtrate was filled into a vial. A stopper was inserted in the vial and then the vial was

sealed with an aluminum cap. The solution was blue.
EXAMPLE 7: Mitoxantrone base formulation comprising oleic acid with acetic acid

[00258] 490 ml of oleic acid and 10 ml of acetic acid was poured into a beaker, then 508 mg of
mitoxantrone base was added into the beaker which was heated to 30 °C. The contents of the beaker were
vibrated by ultrasound vibration for 20 minutes. The resultant solution was passed through a 0.22-micron
filter while applying nitrogen, then 5.2 ml of filtrate was filled into a vial. A stopper was inserted in the vial

and then the vial was sealed with an aluminum cap. The resultant solution was blue.

EXAMPLE 8: Mitoxantrone base formulation comprising PEG with acetic acid
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[00259] 450 ml of PEGs0 was poured into a beaker, then 508 mg of mitoxantrone base was added
into the beaker which was heated to 30.9 °C. The contents of the beaker were vibrated by ultrasound
vibration for 20 minutes. Then 5 ml of acetic acid was added into the beaker. An additional amount of
PEGs00 was added into the beaker until the volume of the contents of the beaker reached 500 ml. The
resultant solution was passed through a 0.22-micron filter while applying nitrogen, then 5.2 ml of filtrate
was filled into a vial. A stopper was inserted in the vial and then the vial was sealed with an aluminum cap.

The resultant solution was blue.
EXAMPLE 9: Mitoxantrone base formulation comprising PEG and ethanol

[00260] 450 ml of dehydrated ethanol and 500 ml of PEGsgo was poured into a beaker which was
heated to 40 °C, and then 1.004 gram of mitoxantrone base was added into the beaker with mixing (the
contents of the beaker under shearing conditions). An additional amount of ethanol was added into the
beaker until the volume of the contents of the beaker reached 1000 ml. The resultant solution was passed
through a 0.22-micron filter while applying nitrogen, then 5.3 ml of filtrate was filled into a vial. A stopper

was inserted into the vial and then the vial was sealed with an aluminum cap. The solution was deep blue.
EXAMPLE 10: Mitoxantrone base formulation made by reaction of mitoxantrone HCL with NAOH

[00261] 471 mg of mitoxantrone hydrochloride and 9 ml of water for injection was added into a 400
ml beaker (beaker A), the contents of which were stirred. The solution is dark blue. 10 ml water for injection
and 734 mg of sodium hydroxide was added into a 20 ml beaker (beaker B), it then it was stirred. 1ml of
sodium hydroxide solution from a beaker B and 5ml of anhydrous ethanol was transferred to beaker A, and

then the contents of beaker A were stirred.

[00262] Then 100ml of dehydrated ethanol was added into beaker A, and it was stirred at 22 'C. A
small amount of acetic acid was added into beaker A until the solution was clear. 80 ml of oleic acid was
added into the beaker A. An additional amount of ethanol was added into the beaker A until the volume of
the contents of beaker A reached 200 ml. The resultant solution was passed through a 0.22 micron filter
while applying nitrogen, then 5.2 ml of filtrate was filled into a vial. A stopper was inserted into the vial
and then the vial was sealed with an aluminum cap under nitrogen. The solution was blue, chloride tested
was 13.3%, the pH tested was 3.75. The particle size tested: 72.5% was 2.2 nm, 27.5% was 181.4 nm. The

total of other impurities was 0.69%.

EXAMPLE 11: Mitoxantrone emulsion made by reaction of mitoxantrone HCL with NAOH
comprising 50% glycerol/ ethanol/ 1mg/ml

[00263] 236 mg of mitoxantrone hydrochloride and 5.943ml of water for injection was added into a
400ml beaker (beaker A), the contents of which was stirred. The solution is dark blue. 10¥ml water for
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injection and 367 mg sodium hydroxide was added into a 20 ml beaker (beaker B) and then stirred. 1ml of
sodium hydroxide solution from beaker B and 5 ml of anhydrous ethanol was transferred to beaker A, and
then the contents of beaker A were stirred. Then 100 ml of glycerin and 3 drops (45 mg) of acetic acid was
added into beaker A, and the contents stirred at 22 °C. 85 ml of dehydrated ethanol was added into beaker A.

[00264] The pH tested was 6.478, then 0.35ml of acetic acid was added into beaker A, and the pH
measured was 4.574. An additional amount of ethanol was added into beaker A until the volume of the
contents of beaker A reached 200ml. The resultant solution was passed through a 0.22-micron filter while
applying nitrogen, then 5.2 ml of filtrate was filled into a vial. A stopper was inserted into the vial and then
the vial was sealed with an aluminum cap under nitrogen. The solution was blue, the chloride tested was
12.6.3%, the pH tested was 4.166. The particle size tested: 68.7 % was 39.3 nm, 31.3% was 179.9 nm. The
total of other impurities was 0.99%.

EXAMPLE 12: Epirubicin base formulation comprising oleic acid and ethanol

[00265] 250ml of oleic acid and 230 ml of dehydrated ethanol was poured into a beaker which was
heated in a water bath at 30 °C. 1200 mg of epirubicin base was then added into the beaker with stirring.
The contents of the beaker were vibrated by ultrasound vibration for 10 minutes. An additional amount of
dehydrated ethanol was added into the beaker until the volume of the contents of the beaker reached 500 ml.
The solution was passed through a 0.22 micron filter and then 5.2 ml of filtrate was filled into a vial under

nitrogen. The solution was red.
EXAMPLE 13: Epirubicin base formulation with PEG and ethanol

[00266] 560 ml of PEGs3gy was poured into a beaker which was heated in a water bath at 30 °C, then
1999 mg of epirubicin base was added into the beaker with stirring. 230 ml of dehydrated ethanol was added
into the beaker and the contents of the beaker were vibrated by ultrasound vibration for 10 minutes. An
additional amount of dehydrated ethanol was added into the beaker until the volume of the contents of the
beaker reached 800 ml. The solution was passed through a 0.22 micron filter and then 5.3 ml of filtrate was

filled into a vial under nitrogen. The solution was red.
EXAMPLE 14: Epirubicin base formulation comprising 40% oleic acid/ ethanol 4mg/ml

[00267] 447 mg of epirubicin hydrochloride and 4.5ml of water for injection was added into a 200ml
beaker (beaker A), the contents of which were stirred. Beaker A was then placed in an ice water bath. 5 ml
of water for injection and 617 mg of sodium acetate were added into a 20ml beaker (beaker B) and then
stirred. 0.5 ml of sodium acetate solution from beaker B and 10 ml of dehydrated ethanol was transferred to
beaker A and then stirred. 40 ml of dehydrated ethanol and 40 ml of oleic acid was added into beaker A. The
pH tested was 4.74. An additional amount of ethanol was added to beaker A until the volume of the contents

of beaker B reached 100 ml. The resultant solution was passed through a 0.22-micron filter while applying
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nitrogen, then 2.2 ml of filtrate was filled into a vial. A stopper was inserted into the vial and the vial was
sealed with an aluminum cap under nitrogen. The assay was 97, the pH was 5.07, the water content was

5.65% and the total related matter was 2.47%. The particle size was 37.4 nm.
EXAMPLE 15: Doxorubicin base formulation comprising PEG and ethanol

[00268] 280 ml of PEG30o was poured into a beaker which was heated in a water bath at 30 °C, then
1001 mg of doxorubicin base was added into the beaker with stirring. 100 ml of dehydrated ethanol was
added into the beaker and the contents of the beaker were under ultrasound vibration for 10 minutes. An
additional amount of dehydrated ethanol was added into the beaker until the volume of the contents of
beaker B reached 400 ml. The solution was passed through a 0.22 micron filter and then 5.3ml of filtrate

was filled into a vial under nitrogen. The solution was red.
EXAMPLE 16: Doxorubicin base formulation comprising oleic acid and ethanol

[00269] 250ml of oleic acid and 230 ml of dehydrated ethanol was poured into a beaker which was
heated in a water bath at 30 °C, then 1201 mg of doxorubicin base was added into the beaker with stirring.
The contents of the beaker were vibrated by ultrasound vibration for 10 minutes. An additional amount of
dehydrated ethanol was added into the beaker until the volume of the contents of the beaker reached 500 ml.
The solution was passed through a 0.22 micron filter and then 5.2 ml of filtrate was filled into a vial under

nitrogen. The solution was red.

EXAMPLE 17: Doxorubicin base formulation comprising 40 % oleic acid and ethanol

[00270] 18.2 g of octadecyl silane chemically bonded silica (ODS) was put into a beaker. 54 ml of
dehydrated ethanol was added into the beaker and the contents of the beaker were mixed well, and then the
ODS solution was filled into a glass chromatographic column (15mm * 400mm). 767 mg of doxorubicin
hydrochloride and 115 ml of water for injection was added into a beaker and then stirred for 45 minutes to

dissolve the doxorubicin hydrochloride.

[00271] The doxorubicin hydrochloride solution was slowly poured into the glass chromatography
column. 78 mg of sodium hydroxide was mixed with 300 ml of water, after which it was poured into the

chromatographic column too.

[00272] 66 ml of dehydrated ethanol, 60 ml (53.08g) of oleic acid, and 0.2 ml of acetic acid were
added into a beaker, the contents of which were mixed well. The mixture in the beaker was poured into the
chromatographic column and, after 5 minutes, the piston was opened, the solution was poured out, and then
20 ml of dehydrated ethanol was added into the column. The solution of the column was collected by a
beaker (beaker A). The pH tested was 4.65. An additional amount of dehydrated ethanol was added into
beaker A until the volume of the contents of beaker A reached 150 ml. The solution was passed through a
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0.22 micron filter and then 4.2 ml of filtrate was filled into a vial under nitrogen. A stopper was inserted

into the vial and then the vial was sealed with aluminum cap. The solution was red and clear.
EXAMPLE 18: Vinblastine base formulation comprising a median chain triglyceride and ethanol

[00273] 504 mg of sodium hydroxide and 50 ml of water for injection was put in a 100 ml beaker
(beaker A) and the contents were stirred. 56 mg of vinblastine sulfate was put in a 40 ml beaker (beaker B).
5 ml of solution from beaker A was transferred to beaker B, the contents of which were stirred to complete

the reaction.

[00274] 86.728 g (110 ml) of dehydrated ethanol and 80 ml of medium chain oil was added into

beaker B and the contents were stirred. The pH of the contents was 7.11.

[00275] 0.5 ml of acetic acid was added into beaker B, the pH was 3.6. A small amount of sodium
hydroxide was then added into the beaker B and a final pH was 4.45. An additional amount of dehydrated
ethanol was added into the beaker B, until the volume of the contents of beaker B reached 200 ml. The
solution was passed through a 0.22 micron filter and then 2.2 ml of filtrate was filled into a vial under
nitrogen. A stopper was inserted into the vial and then the vial was sealed with an aluminum cap. The
injection of the solution was colorless, transparent and clear. The amount of water contained was 2.5%. The

results of the two experiments of different formulas of vinblastine were as follows:

Table 4. Summary of Stability of Vinblastine Injection

Prescription Vinblastine Injection,40% medium-chain triglycerides +60% ethanol
Strength 2ml:5mg,the particle size of W/O emulsion was 11.9 NM .
Storage conditions Time PH Assay Maximum individual impurity(<2.0%) Total impurities <5.0%

/ 0-day 4.556 109.1% 0.55% 1.41%

-20C 24-days 4.631 106.8% 0.47% 1.21%

-20°C 44-days 4.608 105.9% 0.46% 1.23%

2°C 24-days 4.622 104.0% 0.50% 1.38%

2°C 44-days 4.587 106.3% 0.45% 1.58%

Conclusion There is no obvious difference between -20°C and 2°Ciin content, but at 2°C,the related substances is higher.

Prescription Vinblastine Injection 70% medium-chain triglyceride+30% ethanol

Strength 2ml:5mg, the particle size of W/O emulsion was 39.9 NM.
. . Assay Maximum individual Total impurities
Storage conditions Time PH (90.0%-110.0% ) impurity(<2.0%) (5.0%)
/ 0-day 4.269 102.8% 0.45% 1.47%
-20C 10-days 4.369 101.4% 0.48% 1.43%
-20°C 1-month 4.283 102.9% 0.46% 1.43%
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2C 10days | 4357 | 100.0% [ 0.50% [ 1.51%
2C Lmonth | 4265 | 101.9% \ 0.52% [ 1.79%
Conclusion There is no obvious difference between -20°C and 2°Cin content, at 2°C the related substances is higher.

The particle size is correlated to the content of ethanol in the injection; the more ethanol, the smaller the article size.

EXAMPLE 19: Vinblastine base formulation comprising glycerol and ethanol
[00276] 453 mg of sodium hydroxide and 30.0 ml of water for injection was put in a 100 ml beaker

(beaker A) and the contents were stirred. 540 mg of vinblastine sulfate was put in a 400 ml beaker (beaker
B). 3 ml of the solution in beaker A and 5 ml of dehydrated ethanol was transferred to beaker B and the
contents of Beaker B were stirred to make the reaction complete. 90 ml of dehydrated ethanol and 100 ml of
glycerol were added into beaker B and the contents were stirred. The solution was clear. The pH of the
contents of beaker B was 7.47. A small amount of acetic acid (approximately 6 drops) was added into
beaker B. An additional amount of dehydrated ethanol was added into the beaker B, until the volume of the
contents of beaker B reached 200 ml. The solution was passed through a 0.22 micron filter and then 2.2 ml
of filtrate was filled into a vial under nitrogen. A stopper was inserted into the vial and the vial was then
sealed with an aluminum cap. The injectable solution was colorless, transparent and clear. The pH was 5.17

and the content of water was 1.48%. The particle size was 39.9nm.
EXAMPLE 20: Vinblastine base formulation comprising oleic acid and ethanol

[00277] 452 mg of sodium hydroxide and 30.0 ml of water for injection was put in a 100 ml beaker
(beaker A) and the contents were stirred. 540 mg of vinblastine sulfate was put in a 400 ml beaker (beaker
B). 3 ml of solution in beaker A and 5 ml of dehydrated ethanol was transferred to beaker B and the
contents were stirred to complete the reaction. 100 ml of dehydrated ethanol and 80 ml of oleic acid were
added into beaker B and the contents were again stirred. An additional amount of dehydrated ethanol was
added to the beaker B until the volume of the contents of beaker B reached 200 ml. The solution of beaker B
was passed through a 0.22 micron filter and then 2.2 ml of filtrate was filled into a vial under nitrogen. A
stopper was inserted into the vial and then the vial was sealed with an aluminum cap. The injection of the
solution was colorless, transparent and clear. The pH of the content was 4.95. The particle size was 89.6

nm.
EXAMPLE 21: Vincristine base formulation comprising 40% oleic acid and ethanol

[00278] 193mg of sodium hydroxide and 20.0 g of water for injection was added into a 100ml
beaker (beaker A) and the contents were stirred. 246 mg of vincristine sulfate was added into a 400ml
beaker (beaker B). 2 ml of NaOH solution from beaker A and 3 ml of dehydrated ethanol was added into
beaker B and the contents of beaker B were stirred. The resulting solution is turbid and milky white. 3 ml of
dehydrated ethanol was added into beaker B. The appearance of the solution had no change. 71.1 g (80 ml)
of oleic acid and 39.4g (50 ml) of dehydrated ethanol were added into beaker B, after which the solution
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became clear and light yellow. The pH of the mixture was 4.26. A small amount of dehydrated ethanol was
added into beaker B until the weight of the contents of beaker B were 166.453 g (200 ml). The solution was
passed through a 0.22 micron filter and then 4.2 ml of filtrate was filled into a vial under nitrogen. A stopper
was inserted into the vial and the vial was then sealed with an aluminum cap. The particle size of the water

in oil emulsion was 15.3 nm.
EXAMPLE 22: Vincristine base formulation comprising 50% glycerol with ethanol (1mg/ml)

[00279] 205 mg of sodium hydroxide and 20 g of water for injection was added to a beaker (beaker
A). The contents were stirred to dissolve the NAOH. 249 mg of vincristine sulfate and 2 ml of NaOH
solution from beaker A were added into a 200 ml beaker (beaker B) and then 3 ml of dehydrated ethanol
was added into beaker B and the contents stirred for 5 minutes to complete the reaction. The solution was
white and turbid. 74.9 g (about 95 ml) of dehydrated ethanol was added into beaker B, the solution had no
obvious change. After the solution is heated to approximately 25 °C. 126.3 g (100 ml) of glycerin was then
added into beaker B, after which the solution became clear, colorless and transparent. The pH of the solution
was 7.26. A small amount of acetic acid was added into beaker B until the pH measured approximately
5.99. A small amount of ethanol was added into beaker B until the volume of the contents of beaker B
reached 200 ml. The solution was passed through a 0.22 micron filter and then 4.2 ml of filtrate was filled
into a vial under nitrogen. A stopper was inserted into the vial and then the vial was sealed with an

aluminum cap. The average particle size of the water in oil emulsion was 115.2 nm.
EXAMPLE 23: Bendamustine base formulation comprising 80% of PEG and 20% of ethanol

[00280] 2000 mg of bendamustine base was added into a beaker of 200 ml size, 80 ml of PEGzp and
20 ml of dehydrated ethanol was poured into the beaker with stirring. The experiment was conducted in a
water bath at 25.0 °C. The contents of the beaker were vibrated by ultrasound vibration for 10 minutes. The
pH detected was 5.56. An additional amount of ethanol was added into the beaker until the volume of the
contents of the beaker reached 100 ml. The solution was passed through a 0.22 micron filter and then 5.2 ml
of filtrate was filled into a vial under nitrogen. A stopper was inserted into the vial and then the vial was
sealed with an aluminum cap. The total related matter was 2.89% (limit less than 3.5%).

EXAMPLE 24: Bendamustine base formulation comprising 40% PEGs3y and ethanol (5Smg/ml) made
from bendamustine hydrochloride

[00281] 1216 mg of sodium hydroxide was added into a beaker (beaker A) of 50 ml size, then 5 ml of
water for injection and 5 ml of dehydrated ethanol was added into beaker A. 1054 mg of bendamustine
hydrochloride was put into a 100 ml beaker (beacher B) and then 3.5 ml of water for injection was added,
after which the contents were stirred. The resulting was milky white, with un-dissolved particles at the
bottom. 80 ml of PEG3y9 was added into beaker B, after which the contents were stirred. The solution in

beaker B turned into a light-yellow liquid. 1 ml of sodium hydroxide solution from beaker A was added into
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beaker B, and the pH tested was 5.96. 118 ml of dehydrated ethanol was poured into beaker B, the contents
of which were stirred evenly. The resulting solution was clear and transparent. A small amount of
dehydrated ethanol was added into beaker B until the volume reached 200 ml and the pH value of the
solution tested was 6.05. The solution was then passed through a 0.22 micron filter and then 5.2 ml of
filtrate was filled into a vial under nitrogen. A stopper was inserted into the vial and the vial was then sealed
with an aluminum cap. The average particle size of the water in oil emulsion was 7.3 nm. The total related

matter was 1.57% (limit less than 3.5%).
EXAMPLE 25: Bendamustine base formulation comprising 30% PEGa:00 and ethanol (15 mg/ml)

[00282] 1553 mg of sodium hydroxide and 20 g of water for injection was added into a 100 ml
beaker (beaker A), the contents of which were stirred until the NaOH was fully dissolved. 1582 mg of
benzdamustine hydrochloride was added into a 200 ml beaker (beaker B). 2 ml of NaOH solution from
beaker A and 3 ml of dehydrated ethanol were added into beaker B and the contents of beaker B were
stirred. Another 48 ml of dehydrated ethanol was added into beaker B. The solution was milky white and
turbid. 30 ml of PEGsgo was poured into beaker B, stirred evenly for 1.5 minutes. There was no obvious
change in the appearance of the solution. 0.5 ml of sodium hydroxide solution was added into beaker B .

Again, no obvious change in the appearance of the solution was noted.

[00283] 1.035 g of acetic acid was added into beaker B. The pH of the solution at that time was 4.85.
Another 1 ml of sodium hydroxide solution was added into beaker B. The pH detected was 6.35.

[00284] The solution was next placed in a water bath of 30 “C for 3 minutes. The solution became
clear and transparent. The pH was 6.09. An addition amount of dehydrated ethanol was added to beaker B
until the volume of the contents of beaker B reached 100 ml. The solution was passed through a 0.22 micron
filter and then 2.2 ml of filtrate was filled into a vial under nitrogen. A stopper was inserted into the vial and
then the vial was sealed with an aluminum cap. The total related matter was 1% (limit less than 3.5%). The

average particle size of the water in oil emulsion was 10.7 nm.
EXAMPLE 26: Bendamustine base formulation comprising oleic acid and ethanel(15mg/ml)

[00285] 1551 mg of sodium hydroxide and 20 ml water for injection were added into a 50 ml beaker

(beaker A) and stirred to form a sodium hydroxide solution. 1583mg of bendamustine hydrochloride was put
in a 100 ml beaker (beaker B). 2 ml of sodium hydroxide solution from beaker A was transferred into beaker
B, and then 10 ml of dehydrated ethanol was added into the beaker B after which the contents were stirred to

complete the reaction.

[00286] Another 45 ml of dehydrated ethanol was added into beaker B and the contents of beaker B
were stirred evenly. 40 ml of oleic acid was added into beaker B and the contents again were stirred. The pH

tested was 5.0 An additional amount of dehydrated ethanol was added into beaker B until the volume of the
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contents of beaker B reached 100 ml. The solution was passed through a 0.22 micron filter and then 2.2 ml
of filtrate was filled into a vial under nitrogen. A stopper was inserted into the vial and the vial was then
sealed with an aluminum cap. The water detected was 3.77%, pH was 5.125. The total impurity was

0.355%. The average particle size of the water in oil emulsion was 13.6 nm.
EXAMPLE 27: Bendamustine base formulation comprising glycerol and ethanol (15mg/ml)

[00287] 3255mg of sodium bicarbonate and 35 ml of water for injection was added into a 50 ml
beaker (beaker A), after which the contents were stirred to form a solution. 1584 mg of bendamustine

hydrochloride was put into a second beaker (beaker B).

[00288] 3.5 ml of sodium bicarbonate solution from beaker A was transferred to beaker B, and then
10 ml of dehydrated ethanol was added into beaker B, after which the contents were stirred for about 3 to 4
minutes to complete the reaction. Another 35 ml of dehydrated ethanol was added into beaker B and the
contents were stirred evenly. 50 ml of glycerol was added into beaker B and the contents were again stirred.
0.4 g of acetic acid and 2 ml of water was added into beaker B. The pH tested was 4.3. An additional
amount of dehydrated ethanol was added into beaker B until the volume of the contents of beaker B reached
100 ml. The solution was passed through a 0.22 micron filter and then 2.2 ml of filtrate was filled into a vial
under nitrogen. A stopper was inserted into the vial and then the vial was sealed with an aluminum cap. The
water detected was 5.74 %. The pH of the solution was 4.347% with total impurities of 0.826%. The
average particle size of the water in oil emulsion was 11.7 nm.

EXAMPLE 28: Mechlorethamine base formulation comprising median chain triglyceride and
ethanol

[00289] 608 mg of mechlorethamine hydrochloride and 0.75 ml of water for injection was added
into a 400 ml beaker (beaker A) and the contents were stirred. 2.6 ml of water, 1.98 ml of dehydrated
ethanol and 1.26 g of sodium hydroxide, were added into a 50 ml beaker (beaker B), the contents of which
were stirred to dissolve the NaOH completely. Next, 0.5 ml of the sodium hydroxide solution from beaker B

was added into beaker A. The contents of beaker A were stirred to make the reaction complete.

[00290] 100 ml of a median chain oil was added slowly to beaker A. Then 50 ml of dehydrated
ethanol was added into beaker A and the contents of beaker A were stirred evenly. An amount of dehydrated
ethanol was added into beaker A until the volume of the contents of beaker A reached 200 ml. The solution
was then passed through a 0.22 micron filter after which 4.2 ml of filtrate was filled into a vial under
nitrogen. A stopper was placed into the vial, after which the vial was sealed with an aluminum cap. The
water content was 0.69%, the pH was 7.18 and the particle size of the solution was 2.1 nm. The total

impurities of the solution were 1.91%.

EXAMPLE 29: Mechlorethamine base formulation comprising PEG3o and ethanol
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[00291] 609 mg of mechlorethamine hydrochloride and 0.75 ml of water for injection were added
into a 400 ml beaker (beaker A) and then the contents were stirred. 2.5 ml of water and 1306 mg of sodium
hydroxide, was added into a 50 ml beaker (beaker B) and the contents were stirred to dissolve the NaOH
completely. Next, 0.25 ml of sodium hydroxide solution from beaker B and 5 ml of ethanol was added into
beaker A. The contents of beaker A were stirred to complete the reaction. 100 ml of dehydrated ethanol and
80 ml of PEGsgp were added slowly to beaker A. The pH tested was 5.5. An additional amount of dehydrated
ethanol was added into beaker A until the volume of the contents of beaker A reached 200ml. The solution
was passed through a 0.22 micron filter and then 4.2 ml of filtrate was filled into a vial under nitrogen. A
stopper was inserted into the vial and then the vial was sealed with an aluminum cap. The water content was

0.6%, the pH was 5.74 and the particle size of the solution was 2.2nm.
EXAMPLE 30: Vindesine base formulation comprising 50% glycerol with ethanol (0.5 mg/ml)

[00292] 96 mg of sodium hydroxide and 9.99 g of water for injection was added to a beaker of 20 ml
size (beaker A). The contents were stirred to dissolve the NAOH. 102 mg of vindesine sulfate and 1 ml of
NaOH solution from beaker A were added into a 400 ml beaker (beaker B), then 3 ml of dehydrated ethanol
was added into beaker B, after which the contents of beaker B were stirred for 5 minutes to complete the

reaction. The resulting solution was white and turbid. 95ml of dehydrated ethanol was added into beaker B.

[00293] 100 ml of glycerin was added into beaker B and the solution was stirred. The solution then
became clear, colorless and transparent after stirring. The temperature of the beaker was kept at 22 °C. The
pH of the solution tested was 6.59. A small amount of acetic acid was then added into beaker B. The pH
tested was 5.22. A small amount of ethanol was added into beaker B until the volume of the contents of
beaker B reached 200 ml. The solution was passed through a 0.22 micron filter and then 4.2 ml of filtrate
was filled into a vial under nitrogen. A stopper was inserted into the vial and then the vial was sealed with
an aluminum cap. The water Icontent was 0.6%, the pH was 5.99 and the particle size of the solution was

21.4 nm. The total impurities were 1.53%.
EXAMPLE 31: Vindesine base formulation comprising a median chain triglyceride with ethanol

[00294] 96 mg of sodium hydroxide and 9.987 g of water for injection were added into a beaker of 20
ml size (beaker A). The contents were stirred to dissolve the NAOH.

[00295] 103 mg of vindesine sulfate and 1 ml of NaOH solution from beaker A were added into a
400 ml beaker (B), then 3 ml of dehydrated ethanol was added into beaker B, and the contents of beaker B

were stirred for 5 minutes to complete the reaction. The resulting solution was white and turbid.

[00296] 100 ml of dehydrated ethanol was added into beaker B. 80 ml of a median chain triglyceride
was added into the beaker B and the solution was stirred. The solution became a clear, pale yellow and

transparent after stirring. The temperature of the beaker was kept at 30 °C.
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[00297] The pH of the solution tested was 6.55. A small amount of ethanol was added into beaker B
until the volume of the contents of beaker B reached 200 ml. The solution was passed through a 0.22 micron
filter and then 4.2 ml of filtrate was filled into a vial under nitrogen. A stopper was inserted into the vial and
then the vial was sealed with an aluminum cap. The average particle size of the water in oil emulsion was

11.7 NM. The water content was 0.69%. The total impurities were 1.55%.
EXAMPLE 32: Vindesine base formulation comprising oleic acid with ethanol (0.5 mg/ml)

[00298] 96 mg of sodium hydroxide and 10.018 g of water for injection were added into a beaker of
20 ml size (beaker A). The contents were stirred to dissolve the NAOH. 102 mg of vindesine sulfate and 1
ml of NaOH solution from beaker A were added into a 400 ml beaker (beaker B) and then 3 ml of
dehydrated ethanol was added into beaker B, after which the contents were stirred for 5 minutes to complete
the reaction. The resulting solution was white and turbid. 100 ml of dehydrated ethanol was added into

beaker B.

[00299] 80 ml of oleic acid was then added into beaker B and the solution stirred. The resulting
solution became clear, pale yellow and transparent after stirring. The temperature of the beaker was kept at
30 °C. The pH of the solution tested was 4.66. A small amount of ethanol was added into beaker B until the
volume of the contents of beaker B reached 200 ml. The solution was then passed through a 0.22 micron
filter and 4.2 ml of filtrate was filled into a vial under nitrogen. A stopper was inserted in the vial and then
the vial was sealed with an aluminum cap. The average particle size of the water in oil emulsion was 20.6

nm. The water content was 0.67% and the pH was 5.029. The total impurities were 1.55%.
EXAMPLE 33: Doxorubicin base formulation comprising 40% oleic acid/ ethanol (Smg/ml)

[00300] 514 mg of doxorubicin hydrochloride and 4.5 ml of water for injection was added into a 300
ml beaker (beaker A) and the contents were then stirred. 5.01 ml of water for injection and 726 mg of
sodium acetate were added into a 20 ml beaker (beaker B) and stirred. 0.5 ml of sodium acetate solution
from beaker B and 10 ml of dehydrated ethanol were transferred to beaker A and then stirred. 40 ml of
dehydrated ethanol and 40 ml of oleic acid were added into beaker A. The pH tested was 4.74. 4.5 ml of
sodium acetate solution from beaker B was added into beaker A. An additional amount of ethanol was added
into the beaker A until the volume of the contents of beaker A reached 100 ml. The resultant solution was
passed through a 0.22-micron filter while applying nitrogen and then 2.2 ml of filtrate was filled into a vial.
A stopper was inserted into the vial and the vial was sealed with an aluminum cap under nitrogen. The assay
was 97%, the pH was 5.07, the water content was 9.5% and the total related matter was 2.47%. The particle

size was 37.4 nm.
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CONCLUSION

[00301] In the preceding specification, the invention has been described with reference to specific
exemplary embodiments and examples thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the invention as set
forth in the claims that follow. It will also be apparent to those skilled in the art that the local anticancer
formulations of the present invention may be changed in additional ways or utilized in many additional
presurgical conditions, during surgical and post-surgical treatments not specifically mentioned herein.
Additionally, it is contemplated that such formulations may be utilized at additional sites not specifically
mentioned herein (including topically). Such obvious modifications are considered to be within the scope of
the appended claims. The Specification is accordingly to be regarded in an illustrative manner rather than a

restrictive sense.
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