
METHODS OF METABOLIC TARGETING CANCER CELLS USING CHEMO- AND 
IMMUNOTHERAPY FOR TREATING CANCER 

PRIORITY CLAIM 

[0001] This application claims the benefit of U.S. Provisional Application No. 

61/420,208, filed December 6, 2010, the contents of which are hereby incorporated by 

reference in their entirety, as if fully set forth herein. 

BACKGROUND 

[0002] Cancer is a leading cause of death worldwide. In the United States alone, 

over 1.3 million people are diagnosed with cancer each year and over 500,000 die. Due 

to the high incidence and mortality rate, research efforts have focused on improving 

treatment options for those who are diagnosed with cancer, but a cure has been elusive, 

especially in later stages of the disease. 

[0003] Treatment options are determined by the type and stage of the cancer and 

the patient's overall health. Several modalities of treatment are available, including 

surgery, chemotherapy, radiation therapy, targeted therapy and immunotherapy. 

Primary tumors in early stages are sometimes treated by surgery followed by radiation 

therapy, but in general, most cancers involve treatment with chemotherapy. 

[0004] Chemotherapy drugs are administered systemically and attack all cells of 

the body, not just cancer cells. Some chemotherapy drugs are used alone for treating 

cancer, but often several drugs may be combined, known as combination chemotherapy. 

Further, chemotherapy is often used together with other modalities of treatment such as 

surgery, radiation therapy, targeted therapy and immunotherapy. 
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[0005] Because chemotherapy drugs are usually given at the maximum tolerated 

dose, frequent and dramatic toxicities result that compromise the quality of life and the 

immune response toward opportunistic infection and toward the cancer itself. These 

toxicities manifest themselves as side effects such as nausea, hair loss (alopecia), 

hematopoietic toxicity, decreased mobilization of hematopoietic progenitor cells from 

bone marrow into the peripheral blood, anemia, myelosuppression, pancytopenia, 

thrombocytopenia, neutropenia, lymphopenia, leucopenia, stomatitis, esophagitis, heart 

damage, nervous system damage, lung damage, reproductive system damage, liver 

damage, kidney and urinary system damage, fatigue, constipation, diarrhea, loss of 

appetite, headache and muscle pain. These side effects often limit the dose of the 

chemotherapy agents that can be administered and the frequency at which they can be 

given. 

[0006] Acute myelosuppression as a consequence of chemotherapy is well 

recognized as a dose-limiting factor in cancer treatment. Although other normal tissues 

may also be adversely affected, bone marrow is particularly sensitive to proliferation-

specific treatments such as chemotherapy or radiation therapy. Repeated or high dose 

cycles of chemotherapy may result in severe stem cell depletion leading to long-term 

immune suppression or exhaustion. Immune suppression and other side effects often 

limit the dose or frequency at which treatments may be given, interfere with other 

treatments that are used in combination with chemotherapy, and otherwise cause 

interruption of cancer treatments and allow the disease to progress. 

[0007] Therefore, there is a need for improved therapeutic methods for treating 

cancer that decrease side effects of chemotherapy and increase the efficacy of 
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chemotherapy, by itself and when used in combination with other modalities of cancer 

treatment. 

SUMMARY 

[0008] Methods for treating cancer comprising administering a metabolic 

targeting chemo-immunotherapy regimen are provided herein. In one embodiment, the 

metabolic targeting chemo-immunotherapy regimen comprises administering a 

therapeutically effective dose of one or more immunologic agents to stimulate an 

immune response in a subject having cancer; reducing the patient's blood glucose level; 

and administering a therapeutically effective dose of one or more chemotherapeutic 

agents. The blood glucose level may be reduced by fasting, administering a dose of 

insulin, or a combination thereof. 

[0009] The one or more immunologic agents are selected from the group 

consisting of vitamins, minerals, nutrients, herbs, plant-derived substances, fungi, 

animal or insect-derived substances, adjuvants, antioxidants, amino acids, cytokines, 

chemokines, hormones, T cell costimulatory molecules, general immune-stimulating 

peptides, gene therapy, immune cell-derived therapy, and therapeutic antibodies. 

Examples of such agents are discussed in detail below. 

[0010] In another embodiment, the metabolic targeting chemo-immunotherapy 

regimen comprises administering an initial therapeutically effective dose of a therapeutic 

antibody or functional fragment thereof to target a population of cancer cells and to 

stimulate an immune response in a subject having cancer; reducing the patient's blood 

glucose level by fasting and/or administering a dose of insulin; and administering a 

therapeutically effective dose of one or more chemotherapeutic agents. The blood 
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glucose level may be reduced by fasting, administering a dose of insulin, or a 

combination thereof. 

[0011] In another embodiment, the metabolic targeting chemo-immunotherapy 

regimen comprises the steps of a) administering an initial therapeutically effective dose 

of one or more therapeutic antibodies to a subject having cancer to stimulate an 

immune response; b) fasting the subject overnight; c) administering an effective dose of 

insulin to the subject to reduce the subject's blood glucose level; and d) administering a 

therapeutically effective dose of one or more chemotherapeutic agents. 

[0012] When the methods described herein include administering a therapeutic 

antibody or functional fragment thereof, said selected from the group consisting of 

alemtuzumab, bevacizumab, cetuximab, edrecolomab, gemtuzumab, ibritumomab 

tiuxetan, panitumumab, rituximab, tositumomab, and trastuzumab. In one embodiment, 

the method may further comprise administering one or more booster doses of the one 

or more therapeutic antibodies. The one or more booster doses may be administered at 

any interval, including, but not limited to, an interval of two weeks. 

[0013] The one or more chemotherapeutic agents are selected from the group 

consisting of alkylating agents, antimetabolites, anti-tumor antibiotics, topoisomerase 

inhibitors, mitotic inhibitors hormone therapy, glycolysis inhibitors, targeted therapeutics 

and immunotherapeutics. 

[0014] The methods for metabolic targeting chemo-immunotherapy described 

herein are used for treating a cancer selected from the group consisting of bone cancer, 

bladder cancer, brain cancer, breast cancer, cancer of the urinary tract, carcinoma, 

cervical cancer, colon cancer, esophageal cancer, gastric cancer, head and neck 
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cancer, hepatocellular cancer, liver cancer, lung cancer, lymphoma and leukemia, 

melanoma, ovarian cancer, pancreatic cancer, pituitary cancer, prostate cancer, rectal 

cancer, renal cancer, sarcoma, testicular cancer, thyroid cancer, and uterine cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a schematic showing multi-step carcinogenesis of cancer stem 

cells (CSC) through cell fusion. A model for cancer stem cells been derived by fusion 

between genetically altered cells and bone-marrow-derived stem cells is shown by 

several steps. First, in step (A), genetic mutations lead to an altered hyperplasia cell 

phenotype leading to a benign neoplasm and local tissue damage. In step (B), bone 

marrow-derived stem cells, which use glycolysis as its metabolic energy source, are 

recruited to damage tissue and fuse with an altered cell. The progeny of the fusion will 

exhibit the hallmark of aneuploidy. In step (C), genetic mutations from the altered cells 

and epigenetic traits from the bone marrow-derived stem cells are combined to form a 

cancer stem cell. Stem cell traits include: self renewal, drug resistance, plasticity, 

glycolysis based metabolism (i.e., the Warburg effect), and capability to move about the 

body and forming metastasis. In step (D), Stem cell-like plasticity enables the cancer 

stem cell to divide and differentiate into a heterogeneous cancer cell population with 

different metabolic phenotypes. In step E, cancer stem cells are embedded within a 

primary and/or metastatic tumor. They have the ability for self renewal. Cancer stem 

cell survival from therapies allows regrowth and reoccurrence of cancer. 

[0016] Figure 2 is a schematic diagram illustrating comparisons of typical 

chemotherapy treatment versus metabolic targeted chemo-immunotherapy on cancer 

stem cells, according to the embodiments described herein. Cancer stem cells have a 
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glycolysis based metabolism (i.e., the Warburg effect). Panel A shows that current 

chemotherapy protocols are administered without modifying the metabolism of the 

cancer stem cells. Chemotherapy given under typical conditions has glucose present 

for ATP production through glycolysis. ATP is consumed by ABC transporters which 

protect the cancer stem cells by exporting drugs. At the same time, standard high dose 

chemotherapy damages the immune system causing diminished effectiveness of 

antibody dependent cell toxicity and other immunotherapies, some of which utilize the 

major histocompatability complex I (MHC I) for recognition of tumor cells. Panel B 

shows that a combined therapy of metabolic targeting, immunotherapy and 

chemotherapy kills cancer stem cells. Insulin lowers blood sugar levels and depriving 

cancer stem cells of necessary glucose for ATP generation through glycolysis. In 

addition, Metformin disrupts signaling through the AKT pathway to further limit ATP 

production via glycolysis. ABC transporters starved of ATP are unable to pump drugs 

out of the cell leading to DNA damage. Lower, yet more frequent, doses of 

chemotherapy spares the immune system allowing antibodies and cytokines to enhance 

immune killing of cancer cells. Cytokine treatment of cancer stem cells activates the 

expression of MHC II which in turn presents tumor antigens to immune cells promoting 

additional immune responses against cancer cells. 

[0017] Figure 3 shows representative PET/CT scans for an exemplar patient 

(Patient 4) receiving the metabolic targeting chemo-immunotherapy described in the 

embodiments herein. Said patient had extensive disease involvement in the L2 

vertebrae with high PET SUV in the before treatment PET/CT scan (bottom panel). A 
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follow up PET/CT scan post treatment showed nearly full regression of L2 vertebrae 

and bone regeneration (top panel). 

[0018] Figure 4 shows a lung lesion from Patient 4. The mass measured 1.3 X 

1.5 X 0.8 cm in the pre-treatment PET/CT scan (Figure 4, bottom panel). SUV value 

was low, 1.5, indicating low glucose uptake in the lesion. A follow up PET/CT scan 

showed an increase of the left lung mass size, 1.3X1.5X1.8 cm, however, a slight 

decrease in SUV, 1.3, was also observed (Figure 4, top panel). 

DETAILED DESCRIPTION 

[0019] Certain embodiments of the invention are described in detail, using 

specific examples, sequences, and drawings. The enumerated embodiments are not 

intended to limit the invention to those embodiments, as the invention is intended to 

cover all alternatives, modifications, and equivalents, which may be included within the 

scope of the present invention as defined by the claims. One skilled in the art will 

recognize many methods and materials similar or equivalent to those described herein, 

which could be used in the practice of the present invention. 

[0020] An "agent," "drug" or "therapeutic agent" refers to a chemical compound, a 

mixture of chemical compounds, a biological macromolecule, or an extract made from 

biological materials such as bacteria, plants, fungi, or 60 animal (particularly 

mammalian) cells or tissues that.are suspected of having therapeutic properties. The 

agent or drug may be purified, substantially purified or partially purified. Examples of 

agents may include, but are not limited to, chemotherapeutic agents, targeted cancer 

therapies (e.g., therapeutic antibodies or functional fragments thereof, and immunologic 
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agents, therapeutic antibodies. An "agent", according to the present invention, also 

includes a radiation therapy agent. 

[0021] "Antibody or functional fragment thereof means an immunoglobulin 

molecule that specifically binds to, or is immunologically reactive with a particular 

antigen or epitope, and includes both polyclonal and monoclonal antibodies. The term 

antibody includes genetically engineered or otherwise modified forms of 

immunoglobulins, such as intrabodies, peptibodies, chimeric antibodies, fully human 

antibodies, humanized antibodies, and heteroconjugate antibodies (e.g., bispecific 

antibodies, diabodies, triabodies, and tetrabodies). The term functional antibody 

fragment includes antigen binding fragments of antibodies, including e.g., Fab', F(ab')2, 

Fab, Fv, rlgG, and scFv fragments. The term scFv refers to a single chain Fv antibody 

in which the variable domains of the heavy chain and of the light chain of a traditional 

two chain antibody have been joined to form one chain. 

[0022] A "chemotherapeutic agent" is any agent used to treat cancer. 

Chemotherapeutic agents have many mechanisms of action, some of which are non­

specific, affecting all cells in the body, while others are specific or targeted to cancer 

cells. The term chemotherapeutic agent includes all antineoplastic drugs, including 

small molecules, biologies, immunologic agents, targeted therapies, cytotoxic or 

cytolytic agents, alkylating agents, antimetabolites, anti-tumor antibiotics, 

topoisomerase inhibitors, or any other agent that is used to kill cancer cells, slow or stop 

cancer cell division, slow or stop cancer cell metastasis or otherwise treat cancer. 

[0023] An "immunologic agent," "immunotherapeutic" or "immunotherapeutic 

agent" is a substance or treatment having active or passive immunostimulant activity. 

8 



Such activity may be a result of specific immuriostimulants or non-specific 

immunostimulants. In addition to the above definition, the term "immunotherapy" 

includes behaviors or treatments that may directly or indirectly cause an increase in an 

immune response or causes an increase in an immune response relative to or in 

comparison to other therapies. 

[0024] The term "immunostimulant" encompasses all substances, treatments or 

behaviors which influence the function of cells which are involved directly or indirectly in 

mediation of the immune response, and where the influence leads to an immune 

response. These cells include, for example, macrophages, natural killer cells, 

Langerhans cells and other dendritic cells, lymphocytes, indeterminate cells, fibroblasts, 

keratinocytes and melanocytes. 

[0025] "In combination" or "in combination with," as used herein, means in the 

course of treating the same disease in the same patient using two or more agents, 

drugs, treatment regimens, treatment modalities or a combination thereof, in any order. 

This includes simultaneous administration, as well as in a temporally spaced order of up 

to several days apart. Such combination treatment may also include more than a single 

administration of any one or more of the agents, drugs, treatment regimens or treatment 

modalities. Further, the administration of the two or more agents, drugs, treatment 

regimens, treatment modalities or a combination thereof may be by the same or 

different routes of administration. In the embodiments described herein, one or more 

chemotherapeutic agents may be administered, alone or in combination, to a subject for 

curative or palliative treatment of cancer, 
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[0026] A "pharmaceutically acceptable carrier" refers to a pharmaceutical^ 

acceptable material, composition, or vehicle that is involved in carrying or transporting a 

compound of interest from one tissue, organ, or portion of the body to another tissue, 

organ, or portion of the body. For example, the carrier may be a liquid or solid filler, 

diluent, excipient, solvent, or encapsulating material, or some combination thereof. 

Each component of the carrier must be "pharmaceutically acceptable" in that it must be 

compatible with the other ingredients of the formulation. It also must be suitable for 

contact with any tissue, organ, or portion of the body that it may encounter, meaning 

that it must not carry a risk of toxicity, irritation, allergic response, immunogenicity, or 

any other complication that excessively outweighs its therapeutic benefits. 

[0027] "Route of administration" may refer to any administration pathway known 

in the art, including but not limited to aerosol, enteral, nasal, ophthalmic, oral, parenteral, 

rectal, transdermal (e.g., topical cream or ointment, patch), or vaginal. "Parenteral" 

refers to a route of administration that is generally associated with injection, including 

infraorbital, infusion, intraarterial, intracapsular, intracardiac, intradermal, intramuscular, 

intraperitoneal, intrapulmonary, intraspinal, intrasternal, intrathecal, intrauterine, 

intravenous, subarachnoid, subcapsular, subcutaneous, transmucosal, or transtracheal. 

[0028] "Targeted cancer therapies," "molecularly targeted drugs," or "molecular 

targeted therapies" are drugs or other substances that block the growth and spread of 

cancer by interfering with specific molecular targets that are involved in tumor growth 

and progression. Although targeted cancer therapeutics may be considered as a type 

of chemotherapy, they are often considered a separate group. Targeted cancer 
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therapies are typically a small molecule drug or a therapeutic antibody or functional 

fragment thereof. 

[0029] "Treating" or "treatment" of a condition such as cancer may refer to 

preventing the condition, slowing the onset or rate of development of the condition, 

reducing the risk of developing the condition, preventing or delaying the development of 

symptoms associated with the condition, reducing or ending symptoms associated with 

the condition, generating a complete or partial regression of the condition, or any 

combination thereof. 

[0030] A "standard dose" of a particular cancer treatment, including 

chemotherapeutics and targeted cancer therapies, is typically a maximum safe dosage. 

A "maximum safe dosage" or "maximum recommended therapeutic dosage" is the 

highest amount of a therapeutic agent that can be given that minimizes complications or 

side effects to a patient while maintaining its efficacy as a treatment. Such a dose can 

be adjusted to consider the patient's overall heath and any extenuating factors that 

could hamper the patient's recovery. Due to the severity and potential lethal outcome of 

the disease, a maximum safe dosage tolerated in cancer treatment may be an amount 

that causes considerable and severe side effects. 

[0031] A "therapeutically effective amount," "effective amount" or "effective dose" 

is an amount of a therapeutic agent that produces a desired therapeutic effect in a 

subject, such as preventing or treating a target condition or alleviating symptoms 

associated with the condition. The precise therapeutically effective amount is an 

amount of the composition that will yield the most effective results in terms of efficacy of 

treatment in a given subject. This amount will vary depending upon a variety of factors, 
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including but not limited to the characteristics of the therapeutic compound (including 

activity, pharmacokinetics, pharmacodynamics, and bioavailability), the physiological 

condition of the subject (including age, sex, disease type and stage, general physical 

condition, responsiveness to a given dosage, and type of medication), the nature of the 

pharmaceutically acceptable carrier or carriers in the formulation, and the route of 

administration. 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 a compound and adjusting the 

dosage accordingly. For additional guidance, see Remington: The Science and 

Practice of Pharmacy 21st Edition, Univ. of Sciences in Philadelphia (USIP), Lippincott 

Williams & Wilkins, Philadelphia, PA, 2005 

[0032] In some embodiments, a therapeutically effective dose of a particular 

agent may be the same as or lower than a standard dose. In a preferred embodiment, 

the therapeutically effective dose is lower than a standard dose. A therapeutically 

effective dose for a particular agent used in accordance with the embodiments 

described herein may be a dose that is a fraction or a percentage of a standard dose for 

that particular agent. In some aspects, a therapeutically effective dose may be between 

about 1% and 99% of a standard dose, between about 1% and 90% of a standard dose, 

between about 1% and 80% of a standard dose, between about 1% and 70% of a 

standard dose, between about 1 % and 60% of a standard dose, between about 1 % and 

50% of a standard dose, between about 1 % and 40% of a standard dose, between 

about 1 % and 30% of a standard dose, between about 1% and 20% of a standard dose, 

between about 5% and 20% of a standard dose, between about 1% and 10% of a 
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standard dose or below about 10% of a standard dose for a particular agent. In one 

aspect, a therapeutically effective dose of a particular agent may be about 10% of a 

standard dose, about 1 % of a standard dose, or lower than 1 % of a standard dose for a 

particular agent. In yet another aspect, a therapeutically effective dose may be between 

about 0.1 % and 1% of a standard dose, between about between about 0.01 % and 1 % 

of a standard dose or between about 0.001% and 1% of a standard dose for a particular 

agent. 

[0033] Methods of treating cancer with an immunologic agent, one or more 

additional chemotherapeutic agents, lowering blood glucose or a combination thereof 

are provided. In some embodiments, methods for treating cancer include an 

immunologic agent, in combination with lowering blood glucose and administering one 

or more chemotherapeutic agents. Such embodiments may be part of a cancer 

treatment regimen known as a targeting chemotherapy regimen or a targeting chemo-

immunotherapy regimen. 

[0034] A method of metabolic targeting chemo-immunotherapy may include a 

metabolic targeting chemotherapy treatment regimen used in combination with an * 

immunologic targeting treatment regimen, both of which are described further below. In 

one embodiment, the method includes administering a therapeutic antibody or 

functional fragment thereof in combination with administration of one or more 

chemotherapeutic agents under low blood glucose conditions. 

[0035] The methods described herein may be used to treat any cancer or tumor 

type. Cancers and tumor types that may be treated using the methods described herein 

include but are not limited to bone cancer, bladder cancer, brain cancer, breast cancer, 
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cancer of the urinary tract, carcinoma, cervical cancer, colon cancer, esophageal cancer, 

gastric cancer, head and neck cancer, hepatocellular cancer, liver cancer, lung cancer, 

lymphoma and leukemia, melanoma, ovarian cancer, pancreatic cancer, pituitary cancer, 

prostate cancer, rectal cancer, renal cancer, sarcoma, testicular cancer, thyroid cancer, 

and uterine cancer. In addition, the methods may be used to treat tumors that are 

malignant {e.g., cancers) or benign {e.g., hyperplasia, cyst, pseudocyst, hamartoma, 

and benign neoplasm). 

Chemotherapy and other anti-cancer agents 

[0036] Cancer treatment often involves chemotherapy alone or in combination 

with other modalities of treatments such as surgery, radiation therapy, targeted therapy 

and immunotherapy. Chemotherapy may be used to mean the use of any drug to treat 

any disease, but is often associated with cancer treatment. In the treatment of cancer, 

chemotherapeutics or chemotherapeutic agents are often referred to antineoplastic or 

anticancer agents. Many chemotherapeutic agents are cytotoxic or cytostatic in nature. 

Antineoplastic chemotherapeutic agents can be divided into several groups based on 

factors such as how they work, their chemical structure or source, and their relationship 

to another drug. Such groups include, but are not limited to, alkylating agents, 

antimetabolites, anti-tumor antibiotics, topoisomerase inhibitors, mitotic inhibitors 

hormone therapy, targeted therapeutics and immunotherapeutics. Some 

chemotherapeutics do not fit well into any categories. Because some drugs act in more 

than one way, they may belong to more than one group. Knowing how the drug works 

is important in predicting side effects. 
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[0037] Alkylating agents directly damage DNA to prevent the cancer cell from 

reproducing. These agents are not phase-specific, but instead work in all phases of the 

cell cycle. Alkylating agents are used to treat many different cancers, including acute 

and chronic leukemia, lymphoma, Hodgkin disease, multiple myeloma, sarcoma, as well 

as cancers of the lung, breast, and ovary. Because these drugs damage DNA, they can 

cause long-term damage to the bone marrow. Alkylating agents that may be used 

according to the embodiments of the disclosure include, but are not limited to, nitrogen 

mustards (e.g., mechlorethamine (nitrogen mustard), chlorambucil, cyclophosphamide, 

ifosfamide and melphalan), nitrosoureas (e.g., streptozocin, carmustine (BCNU) and 

lomustine), alkyl sulfonates (e.g., busulfan), triazines (e.g., dacarbazine (DTIC) and 

temozolomide) and ethylenimines (e.g., thiotepa and altretamine 

(hexamethylmelamine)). In addition, the platinum drugs (cisplatin, carboplatin, and 

oxalaplatin) may be used according to the embodiments of the disclosure and are 

sometimes grouped with alkylating agents because they kill cells in a similar way. 

[0038] Antimetabolites interfere with DNA and RNA growth by substituting for the 

normal building blocks of RNA and DNA. These agents damage cells during the S 

phase of the cell cycle. They are commonly used to treat leukemias, tumors of the 

breast, ovary, and the intestinal tract, as well as other cancers. Antimetabolites that 

may be used according to the embodiments of the disclosure include, but are not limited 

to, 5-fluorouracil (5-FU), capecitabine, 6-mercaptopurine (6-MP), methotrexate, 

gemcitabine, cytarabine, fludarabine and pemetrexed. 

[0039] Anthracyclines are anti-tumor antibiotics that interfere with enzymes 

involved in DNA replication. These agents are not phase-specific. Thus, they are 
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widely used for a variety of cancers. A major consideration when giving these drugs is 

that they can permanently damage the heart if given in high doses. For this reason, 

lifetime dose limits are often placed on these drugs. Anthracyclines that may be used 

according to the embodiments of the disclosure include, but are not limited to, 

daunorubicin, doxorubicin, epirubicin, and idarubicin. Other anti-tumor antibiotics 

include the drugs actinomycin-D, bleomycin, and mitomycin-C. In addition, 

mitoxantrone is another anti-tumor antibiotic that is similar to doxorubicin in many ways, 

including the potential for damaging the heart. This drug also acts as a topoisomerase II 

inhibitor (see below). Mitoxantrone is used to treat prostate cancer, breast cancer, 

lymphoma, and leukemia. 

[0040] Topoisomerase inhibitors interfere with enzymes called topoisomerases, 

which help separate the strands of DNA so they can be copied. They are used to treat 

certain leukemias, as well as lung, ovarian, gastrointestinal, and other cancers. 

Topoisomerase inhibitors that may be used according to the embodiments of the 

disclosure include, but are not limited to, topoisomerase I inhibitors (e.g., topotecan and 

irinotecan (CPT-11) and topoisomerase II inhibitors (e.g., etoposide (VP-16), 

mitoxantrone and teniposide). 

[0041] Mitotic inhibitors are often plant alkaloids and other compounds derived 

from natural products. They can stop mitosis or inhibit enzymes from making proteins 

needed for cell reproduction. These drugs generally work during the M phase of the cell 

cycle, but can damage cells in all phases. They are used to treat many different types of 

cancer including breast, lung, myelomas, lymphomas, and leukemias. Mitotic inhibitors 

that may be used according to the embodiments of the disclosure include, but are not 
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limited to, taxanes (e.g., paclitaxel and docetaxel), epothilones (e.g., ixabepilone), vinca 

alkaloids (e.g., vinblastine, vincristine, and vinoreibine), and estramustine. 

[0042] Some chemotherapy drugs do not fit well into any of the categories 

described above because they act in slightly different ways. Examples include, but are 

not limited to, L-asparaginase, which is an enzyme, and the proteosome inhibitor 

bortezomib. 

[0043] Additional chemotherapeutics may include glycolysis inhibitors. As 

explained in more detail below, cancer cells are primarily glycolytic, relying heavily on 

the glycolysis pathway to generate ATP. The use of glycolysis inhibitors are thought to 

significantly reduce ATP generation, thereby preferentially killing cancer cells (Pelicano 

et al. 2006). However, glycolysis inhibitors can have toxic effects on healthy tissues, 

such as the brain, that also rely on glycolysis for energy. Thus, as with other types of 

chemotherapeutics, lowering blood glucose levels would allow glycolysis inhibitors to be 

used at lower doses to sensitize and more effectively target cancer cells. Glycolysis 

inhibitors target components of the glycolytic pathway such as hexokinase (HK), 

glugose-6-phosphate dehydrogenase (G6PG), transketolase-like enzyme 1 (TKTL1), 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and pyruvate dehydrogenase 

kinase (PDK). In addition, glycolysis inhibitors may be non-metabolizable glucose 

analogs. Examples of glycolysis inhibitors that may be used in accordance with the 

embodiments described herein include, but are not limited to, a-chlorohydrin, 6-

aminonicotinamide (6-AN), arsenic compounds, 3-BrOP, 3-bromopyruvate (3-PrPA), 

bromopyruvic acid, 2-deoxy-D-glucose (2-DG), dichloroacetic acid, dichloroacetates and 
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related salts, genistein, glufosfamide, imatinib, lonidamine, mannoheptulose, omidazole, 

oxalate, oxythiamine, SB-204990, and 5-thioglucose. 

[0044] Targeted cancer therapies block the growth and spread of cancer by 

interfering with specific molecules involved in tumor growth and progression. Targeted 

therapies may have properties or characteristics of more than one category of 

chemotherapeutic agents, including cytotoxic agents, hormone therapy, biologic therapy 

and immunotherapy. For example, therapeutic antibodies are biologic agents that have 

chemotherapeutic and immunotherapeutic characteristics, as described further below. 

In addition, although targeted therapies often provide an efficient method for tailoring 

cancer treatment based on the type of cancer, and/or the unique set of molecular 

targets produced by a patient's tumor, they have several limitations including side 

effects (e.g., allergic reactions, chills, fatigue, fever, muscle aches and pains, nausea, 

diarrhea, skin rashes, heart failure, skin infections and bleeding) and the potential for 

developing resistance to these therapeutics. In many cases, once resistance occurs, 

alternative targeted therapies do not exist. 

[0045] Examples of targeted therapies that may be used in accordance with any 

of the treatment regimens described herein include, but are not limited to, selective 

estrogen receptor modulators (SERMs) (e.g., tamoxifen, toremifene and fulvestrant), 

aromatase inhibitors (anastrozole, exemestane and letrozole, kinase inhibitors (imatinib 

mesulate, dasatinib, nilotinib, lapatinib, gefitinib, erlotinib, temsirolimus and everolimus, 

growth factor receptor inhibitors (e.g., Trastuzumab, cetuximab and panitumumab), 

regulators of gene expression (vorinostat, romidepsin, bexarotene, alitretinoin and 

tretinoin), apoptosis inducers (bortezomib and pralatrezate), angiogenesis inhibitors 
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(bevacizumab, sorafenib, sunitinib and pazopanib), antibodies that triggers a specific 

immune response by binding a cell-surface protein on lymphocytes (rituximab, 

alemtuzumab and ofatumumab), antibodies or other molecules that deliver toxic 

molecules specifically to cancer cells (tositumomab, ibritumomab tiuxetan, denileukin 

diftitox), cancer vaccines and gene therapy. 

[0046] In some embodiments, chemotherapeutic agents, used alone or in 

combination, that may be used to treat cancer according to the embodiments described 

herein may include, but are not limited to, 13-cis-Retinoic Acid, 2-

Chlorodeoxyadenosine, 5-Azacitidine, 5-Fluorouracil, 6-Mercaptopurine, 6-Thioguanine, 

actinomycin-D, adriamycin, aldesleukin, alemtuzumab, alitretinoin, all-transretinoic acid, 

alpha interferon, altretamine, amethopterin, amifostine, anagrelide, anastrozole, 

arabinosylcytosine, arsenic trioxide, amsacrine, aminocamptothecin, aminoglutethimide, 

asparaginase, azacytidine, bacillus calmette-guerin (BCG), bendamustine, 

bevacizumab, bexarotene, bicalutamide, bortezomib, bleomycin, busulfan, calcium 

leucovorin, citrovorum factor, capecitabine, canertinib, carboplatin, carmustine, 

cetuximab, chlorambucil, cisplatin, cladribine, cortisone, cyclophosphamide, cytarabine, 

darbepoetin alfa, dasatinib, daunomycin, decitabine, denileukin diftitox, dexamethasone, 

dexasone, dexrazoxane, dactinomycin, daunorubicin, decarbazine, docetaxel, 

doxorubicin, doxifluridine, eniluracil, epirubicin, epoetin alfa, erlotinib, everolimus, 

exemestane, estramustine, etoposide, filgrastim, fluoxymesterone, fulvestrant, 

flavopiridol, floxuridine, fludarabine, fluorouracil, flutamide, gefitinib, gemcitabine, 

gemtuzumab ozogamicin, goserelin, granulocyte - colony stimulating factor, granulocyte 

macrophage-colony stimulating factor, hexamethylmelamine, hydrocortisone 
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hydroxyurea, ibritumomab, interferon alpha, interleukin - 2, interleukin-4, interleukin-11, 

isotretinoin, ixabepilone, idarubicin, imatinib mesylate, ifosfamide, irinotecan, lapatinib, 

lenalidomide, letrozole, leucovorin, leuprolide, liposomal Ara-C, lomustine, 

mechlorethamine, megestrol, melphalan, mercaptopurine, mesna, methotrexate, 

methylprednisolone, mitomycin C, mitotane, mitoxantrone, nelarabine, nilutamide, 

octreotide, oprelvekin, oxaliplatin, paclitaxel, pamidronate, pemetrexed, panitumumab, 

PEG Interferon, pegaspargase, pegfilgrastim, PEG-L-asparaginase, pentostatin, 

plicamycin, prednisolone, prednisone, procarbazine, raloxifene, rituximab, romiplostim, 

ralitrexed, sapacitabine, sargramostim, satraplatin, sorafenib, sunitlnib, semustine, 

streptozocin, tamoxifen, tegafur, tegafur-uracil, temsirolimus, temozolamide, teniposide, 

thalidomide, thioguanine, thiotepa, topotecan, toremifene, tositumomab, trastuzumab, 

tretinoin, trimitrexate, alrubicin, vincristine, vinblastine, vindestine, vinorelbine, vorinostat, 

or zoledronic acid. 

[0047] In other embodiments, the one or more chemotherapeutic agents used in 

the methods described herein may correspond to known chemotherapeutic regimens 

known in the art including, but not limited to, ABVD, AC, BEACOPP, BEP, CA (or AC), 

CAF, CAV, CBV, ChlVPP/EVA, CHOP (or COHP), R-CHOP, COP (or CVP), CMF, 

COPP, EC, ECF, EP, EPOCH, FEC, FL (also known as Mayo), FOLFOX, FOLFIRI, ICE, 

ICE-R, m-BACOD, MACOP-B, MOPP, PCV, ProMACE-MOPP, ProMACE-CytaBOM, R-

FCM, Stanford V, Thal/Dex, TIP, VAC, VAD, VAPEC-B, and VIP. Further explanation of 

these chemotherapeutic regimens is found in Table 1 below. 
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Table 1. Known Chemotherapeutic Regimens. 

Regimen Components Example of uses, and other 
notes 

ABVD Adriamycin (doxorubicin), bleomycin, vinblastine, 
dacarbazine 

Hodgkin's lymphoma 

AC Adriamycin (doxorubicin), cyclophosphamide . Breast cancer 
BEACOPP Bleomycin, etoposide, Adriamycin (doxorubicin), 

cyclophosphamide, Oncovin (vincristine), 
procarbazine, prednisone 

Hodgkin's lymphoma 

BEP Bleomycin, etoposide, platinum agent (cisplatin) Testicular cancer, germ cell 
tumors 

CA Cyclophosphamide, Adriamycin (doxorubicin) (same 
as AC) 

Breast cancer 

CAF Cyclophosphamide, Adriamycin (doxorubicin), 
fluorouracil (5-FU) 

Breast cancer 

CAV Cyclophosphamide, Adriamycin (doxorubicin), 
vincristine 

Lung cancer 

CBV Cyclophosphamide, BCNU (carmustine), VP-16 
(etoposide) 

Lymphoma 

ChlVPP/EVA Chlorambucil, vincristine (Oncovin), procarbazine, 
prednisone, etoposide, vinblastine, Adriamycin 
(doxorubicin) 

Hodgkin's lymphoma 

CHOP or 
COHP 

Cyclophosphamide, hydroxydoxorubicin 
(doxorubicin), vincristine (Oncovin), prednisone 

Non-Hodgkin lymphoma 

CHOP-R or R-
CHOP 

CHOP + rituximab B cell non-Hodgkin lymphoma 

COP or CVP Cyclophosphamide, Oncovin (vincristine), 
prednisone 

Non-Hodgkin lymphoma in 
patients with history of 
cardiovascular disease 

CMF Cyclophosphamide, methotrexate, fluorouracil (5-
FU) . 

Breast cancer 

COPP Cyclophosphamide, Oncovin (vincristine), 
procarbazine, prednisone 

Non-Hodgkin lymphoma 

EC Epirubicin, cyclophosphamide Breast cancer . 
ECF Epirubicin, cisplatin, fluorouracil (5-FU) Gastric cancer and 

oesophageal cancer 
EP Etoposide, platinum agent (cisplatin) Testicular cancer, germ cell 

tumors 
EPOCH Etoposide, prednisone, Oncovin, 

cyclophosphamide, and hydroxydaunorubicin 
Lymphomas 

FEC Fluorouracil (5-FU), epirubicin, cyclophosphamide Breast cancer 
FL (Also 
known as 
Mayo) 

Fluorouracil (5-FU), leucovorin (folinic acid) Colorectal cancer 

FOLFOX Fluorouracil (5-FU), leucovorin (folinic acid), 
oxaliplatin 

Colorectal cancer 

FOLFIRI Fluorouracil (5-FU), leucovorin (folinic acid), 
irinotecan 

Colorectal cancer 

ICE ifosfamide, carboplatin, etoposide (VP-16) Aggressive lymphomas, 
progressive neuroblastoma 

ICE-R ICE + rituximab High-risk progressive or 
recurrent lymphomas 
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m-BACOD Methotrexate, bleomycin, Adriamycin (doxorubicin), 
cyclophosphamide, Oncovin (vincristine), 
dexamethasone 

Non-Hodgkin lymphoma 

MACOP-B Methotrexate, leucovorin (folinic acid), Adriamycin 
(doxorubicin), cyclophosphamide, Oncovin 
(vincristine), prednisone, bleomycin 

Non-Hodgkin lymphoma 

MOPP Mechlorethamine, Oncovin (vincristine), 
procarbazine, prednisone 

Hodgkin's lymphoma 

PCV Procarbazine, CCNU (lomustine), vincristine Brain tumors 
ProMACE-
MOPP 

Methotrexate, Adriamycin (doxorubicin), 
cyclophosphamide, etoposide + MOPP 

Non-Hodgkin lymphoma 

ProMACE-
CytaBOM 

Prednisone, doxorubicin (adriamycin), 
cyclophosphamide, etoposide, cytarabine, 
bleomycin, Oncovin (vincristine), methotrexate, 
leucovorin 

Non-Hodgkin lymphoma 

R-FCM Rituximab, fludarabine, cyclophosphamide, 
mitoxantrone 

B cell non-Hodgkin lymphoma 

Stanford V Doxorubicin, mechlorethamine, bleomycin, 
vinblastine, vincristine, etoposide, prednisone 

Hodgkin's lymphoma 

Thal/Dex Thalidomide, dexamethasone Multiple myeloma 
TIP Paclitaxel, ifosfamide, platinum agent cisplatin Testicular cancer, germ cell 

tumors in salvage therapy 
VAC Vincristine, Actinomycin, Cyclophosphamide Rhabdomyosarcoma 
VAD Vincristine, Adriamycin (doxorubicin), 

dexamethasone 
Multiple myeloma 

VAPEC-B Vincristine, Adriamycin (doxorubicin), prednisone, 
etoposide, cyclophosphamide, bleomycin 

Hodgkin's lymphoma 

VIP Etoposide, ifosfamide, platinum agent cisplatin Testicular cancer, germ cell 
tumors 

Cell Fusion Leads to Carcinogenesis 

[0048] The common dogma of how cancer forms is a series of genetic mutations 

which alters cells and leads to disease. Many studies have focused on chemical 

carcinogens and genetic instability resulting in mutations or aneuploidy of cancer-

related genes. While these mutations are readily observed, they do not account for 

some traits of cancer, such as limitless replication/self renewal, differentiation into a 

heterogeneous population, and the ability to migrate through the body and survive in 

different tissue environments as in metastasis. These are the traits associated with what 

are described as cancer stem cells. 
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[0049] The discovery that many cancers arise from or contain stem cells that 

retain characteristics of normal stem cells (e.g., bone marrow derived stem cells, 

BMDSC) that allow them to survive for the lifespan of the individual. These 

characteristics include a low rate of cell division, active DNA repair and the expression 

of several transport proteins that protect cells against toxins, which makes the cancer 

stem cells relatively resistant to radiation and chemotherapy. 

[0050] Cancer stem cells (CSCs) may arise from a normal stem cell that has 

undergone malignant transformation by accumulating genetic mutations or other 

abnormalities. Alternatively, cancer stem cells may arise from a stem cell fusion model 

of carcinogenesis that includes a fusion between a genetically altered cell and a stem 

cell of bone marrow origin. (He 2005). The stem cell fusion model of carcinogenesis is 

explained in detail in U.S. Patent Application Publication No. 20090016961, which is a 

national application of International Patent Application No. PCT/US06/033366, filed 

August 25, 2006, which is hereby incorporated in its entirety as if fully set forth herein. 

Stem cell fusion may represent a missing step in the understanding of carcinogenesis; 

[0051] This "stem cell fusion model of carcinogenesis" provides insights on new 

strategies to target CSCs by targeting the common traits of bone marrow derived stem 

cells have with CSCs, namely their glycolysis based metabolism (i.e., Warburg effect, 

described further below). One additional trait of CSCs is their metabolism of glucose for 

energy. 

[0052] Alterations in the AKT pathway is one of the most commonly seen 

transformation events in cancer. Additionally, high rates of glucose consumption 

(glycolysis) of cancer cells, commonly known as the Warburg effect, is correlated with a 
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metastatic phenotype and a typical trait of cancer. The AKT pathway can regulate 

glycolysis through mTOR. Various inputs, such as insulin like growth factor (IGF-1) or 

hypoxia inducible factors send a single through the AKT pathway which activates mTOR, 

which in turn upregulates glycolysis enzymes (Elstrom 2004). 

[0053] Tissue based hypoxia, which is a condition of low oxygen supply and often 

caused by a lack of blood flow, is commonly seen in poorly vascularized tumors. Cells 

in a hypoxic state use glycolysis for energy while mitochondrial respiration, which 

requires oxygen, is inhibited. Bone marrow stem cells survive in a hypoxic niche within 

marrow and obtain energy through anaerobic glycolysis (Simsek 2010). This process is 

regulated by hypoxia inducible factors (HIFs). CSCs express some of these HIFs and 

can also reside in a hypoxic niche within the tumor microenvironment. These cells use 

glucose for energy and maintain stem cell markers while in their hypoxic niche. 

(Heddlestin 2010). 

[0054] Use of glucose for energy by cancer cells is retained even in the presence 

of oxygen. This aerobic glycolic trait, or Warburg effect, of cancer is often thought to be 

induced by mutations, especially in the AKT/mTOR pathway. However, the CSCs use 

of glycolysis for energy can in part be a result of epigenetic changes brought about by 

fusion with bone marrow derived stem cells, which also use glycolysis for their energy 

needs (Figure 1). The use of glycolysis maintains the stem cell phenotype which allows 

CSCs to self renew. This trait is inherited by the stem cell component of carcinogenic 

fusion. Thus, the metabolism of CSCs provide a unique target for therapy. 

[0055] Evidence suggests that not only do cancer stem cells exist in solid tumors, 

but that they contribute to the invasive, malignant phenotype of these cancers. For 
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example, a tumorigenic breast cancer stem cell population representing about 1% of the 

cells was found to be highly tumorigenic in mice, whereas the non-stem cells in the 

tumor were very poorly tumorigenic (Al-Hajj et al., 2003). Similarly, stem cells with a 

capacity to self-renew and undergo pluripotent differentiation have been isolated from 

human brain tumors and from lung tissue (Dean 2009). 

Cancer Stem Cells and Drug Transporters 

[0056] Cancer is composed of a heterogeneous mix of cell populations. Although 

just a small component of the cell population, the cancer stem cells, are known to be 

able to recapitulate the entire heterogeneous population. This is best demonstrated by 

cancer regrowth after tumor debulking therapies such as surgery, chemotherapy and 

radiation. Many reports have demonstrated that CSCs are more resistant to 

chemotherapy agents than their non-stem cell counterparts. This is, in part, due to their 

ability to efflux drugs from the cell through use of multidrug resistance pumps, described 

in detail below. 

[0057] This ability of CSCs is used in their isolation using Hoechst 33342 dye, in 

which the CSC population is able to exclude this fluorescent dye allowing the non-

fluorescent CSC population to be selected. Targeting the CSC population has been of 

great interest and is currently being investigated in several clinical trials. (Winquist 

2009) 

[0058] As discussed above, cancer stem cells retain characteristics of normal 

stem cells. One such characteristic is a high expression levels of specific ATP-

dependent ABC drug transporter (or multi-drug resistance (MDR) pump) genes, 

including, but not limited to, ABCB1 (which encodes the P-glycoprotein transporter), 



ABCC1 (which encodes the MRP1 transporter), ABCC2 (which encodes the MRP2 

transporter), ABCG2 (which encodes the breast cancer resistance protein, BCRP), 

ABCA2 (which encodes ABC2), and ABCB11 (which encodes the "sister of P-

glycoprotein," SPGP) (Leonard et al. 2003). These genes are members of the ATP-

binding cassette (ABC) transporter superfamily and represent the major tumor multi­

drug resistance genes. Expression of these MDR pumps allows cells to pump drugs 

out, conferring resistance to chemotherapeutics including, but not limited to, adramycin, 

daunorubicin, epirubicin, paclitaxel, docetaxel, vincristine, vinblastine, VP-16, 

mitoxantrone, actinomycin-D, doxorubicin, topoisomerase I or II inhibitors and 

anthracyclines (Leonard et al. 2003). Tumors that recur after an initial response to 

chemotherapy are often multi-drug resistant (Gottesman et al., 2002). 

[0059] The drug transporting property of stem cells is an important phenotype for 

the isolation of hematopoietic stem cells. Stem cells exclude fluorescent dyes because 

the dyes are removed by ABCG2 and ABCB1. Therefore stem cells can be sorted by 

collecting the cells that contain only a low level of fluorescence referred to as the "side 

population" (SP cells, SP phenotype). Because stem cells are predominantly found in 

the SP fraction, it is possible to sort and purify stem cells from virtually any population of 

cells or tissue, including cancer. SP cells were identified in 15 out of 23 neuroblastoma 

samples and in neuroblastoma, breast cancer, lung cancer, and glioblastoma cell lines. 

Furthermore, analysis of several cell lines demonstrated a small population of SP cells. 

Therefore, even long-established tumor cell lines contain a cancer stem cell population, 

strongly supporting the idea that this is a fundamental property of cancers. 
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[0060] In a tumor stem cell paradigm, the cancer stem cells are naturally resistant 

to chemotherapy through their quiescence, their capacity for DNA repair, and ABC 

transporter expression. As a result, at least some of the tumor stem cells survive 

chemotherapy and support re-growth of the tumor. The resistance phenotype of the 

cancer stem cell persists in the committed, abnormally developing progenitors that 

comprise the recurrent tumor. Therefore, cancer stem cells may account for recurrence 

of cancer after treatment by surviving traditional cancer therapies (Dean 2009). 

[0061] By inhibiting chemotherapy drug transporters, resistance may be 

overcome allowing complete elimination of the tumor. Therefore, ABC transporter 

inhibitors may be used to target cancer stem cells expressing drug transporters that 

make them resistant to many chemotherapy agents. ABCB1 inhibitors have shown 

limited effectiveness in clinical trials, however, these studies have not focused on 

targeting cancer stem cells (Dean 2009). 

Metabolic Targeting Chemotherapy Treatment 

[0062] Due to their dependence on glycolysis for energy, CSCs can be killed 

directly or indirectly by targeting glycolysis, either through antagonists of glycolysis 

metabolism and/or limiting the availability of glucose. Additionally, CSCs drug 

resistance can be overcome by limiting glycolysis through mechanisms which inhibit 

ATP production necessary to run ABC transporters, as previously described. 

[0063] A negative regulator of the AKT/mTOR pathway is AMP-activated protein 

kinase (AMPK), which is activated in response to an increased ratio of AMP to ATP. An 

example of this function would be when low blood glucose levels limit ATP produced by 

glycolysis leading to an increase in AMP. The AMPK "energy sensor" directs increased 
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consumption of fatty acids metabolism through mitochondria respiration and a decrease 

in glycolysis. In the context of CSCs, modulating this pathway to decrease glycolysis 

can deprive the CSCs of necessary ATP (Xu 2005). 

[0064] Metformin is derived from French lilac, which has been used for centuries 

to treat symptoms of diabetes mellitus. Metformin belongs to a class of drugs called 

biguanides, which acts in an indirect manner on AMPK, which in turns suppresses the 

AKT/mTOR pathway. In the diabetic setting, metformin suppresses hepatic 

gluconeogenesis, the liver's ability to make glucose and thereby lower blood glucose 

levels. 

[0065] People with diabetes have an increased risk of dying from cancer. 

However, patients taking metformin have a reduced cancer risk and a lower cancer 

related mortality. In an epidemiological study of 2,529 women with breast cancer, 

diabetic women taking metformin had a higher pathological complete response (pCR) 

rate to neoadjuvant systematic therapy compared to both diabetic and non-diabetic 

woman not taking metformin (diabetic metformin group - 24% pCR, diabetic control - 8% 

pCR, non-diabetic control -16%) (Dowling 2011; Hirsch 2009). Due to metformin's 

inhibition of the AKT/mTOR pathway via AMPK, glycolysis of CSCs can be impacted in 

a negative fashion leading to increased susceptibility of drugs and cell death. 

[0066] Most chemotherapy agents act directly or indirectly on DNA. DNA is most 

vulnerable to damage while unwound from chromatin and histones to undergo DNA 

replication during S phase. Cancer cells are known for their uncontrolled cell growth. 

However, normal cells are growth restricted based on nutrient availability and can sense 

overall energy levels and postpone cell division. Under fasting conditions and/or 
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hypoglycemia and/or modulation of metabolic pathways, normal cells stop the cell 

division process and go into a G1 cell cycle block. 

[0067] Mutations in growth pathways common in cancer cells can inhibit this 

response. This leads to a "differential stress response" where normal cells are 

protected from the effects of chemotherapies while dividing cancer cells are left 

vulnerable (Raffaghello 2008). Normal cells and the tissues they make up are more 

resistant to chemotherapy under hypoglycemic or metabolically shifted conditions 

leading to fewer side effects and allowing for more frequent or higher dose treatments. 

[0068] Therefore, in some embodiments, the one or more chemotherapeutic 

agents used in the methods described herein may include a plurality of 

chemotherapeutic agents, each of which target a different point in the cell cycle. This 

results in targeting a higher percentage of cancer cells or cancer stem cells with each 

dose. 

[0069] Standard chemotherapy is generally administered once every 3 weeks. 

These drugs are often administered intravenously over several hours. Since cancer 

cells are their most vulnerable to many chemotherapeutic drugs during S phase, the 

frequency of chemotherapy treatments (i.e., how often jt is administered) is important to 

the success of therapy. 

[0070] Cancer cells are killed in a dose-dependant manner with increasing dose 

leading to more cell death. Dose dense regimens, or high frequency regimens, where 

chemotherapy is administered more often and at a higher overall dose, have been used 

in the past with mixed results but higher toxicity (Bonilla 2010). Continued 
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administration of these treatments are inhibited by the higher toxicity and the efficacy is 

limited by the CSCs resistance to therapy. 

[0071] The strategy for treatment with chemotherapy described herein greatly 

relieves many of the side effects experienced with standard therapy and as such, side 

effects are not a constraint to frequent therapy. Cancer cells undergo their vulnerable S 

phase frequently, but not frequent enough for most of them to be affected by standard 

chemotherapy schedules. Alternative mitotic blockers, a class of drugs which target 

microtubules, are only effective during M2 phase of cell division. 

[0072] Different chemotherapeutic drugs targets different parts of the cell cycle. 

Because the time window during which the blood glucose level is lowered (minutes) is 

too short as compared to the duration of a cancer cell's cell cycle (hours or days), only a 

small fraction of cancer cells will be targeted and/or affected per treatment. 

[0073] The cell cycle "window of opportunity" occurs for most of the cancer cell 

population outside of the pharmacological activity of the administered drugs. Even dose 

dense therapies are often only given weekly, leaving many cancer cells in a protected 

cell cycle phase during treatment. However, killing of cancer cells, and in particular, 

killing of cancer stem cells, may be enhanced by increasing the frequency of the 

treatments. To maximize the therapeutic efficacy, one should treat with a high 

frequency (i.e., as many times as possible) to target different parts of cell cycle. Thus, 

in some embodiments, the frequency of administering a chemotherapeutic agent is a 

high frequency and is selected from daily, every other day, 3 times weekly or biweekly. 

[0074] In some embodiments, the more frequent or high frequency therapy is 

combined with conditions which not only sensitize cancer cells and CSCs to 



chemotherapy but also under conditions which protects normal cells. Delivering more 

frequent chemotherapy under hypoglycemic/metabolically modulated conditions will 

yield fewer side effects while increases efficacy by damaging cells in vulnerable cell 

cycles. Additionally, affecting glycolysis will increase sensitivity of CSCs to treatment by 

limiting ATP needed to run ABC transporters. 

[0075] In some embodiments, a method for treating cancer may include a 

metabolic targeting chemotherapy treatment regimen. The metabolic targeting 

chemotherapy treatment regimen includes administering a therapeutically effective 

amount of one or more chemotherapeutic agents that is lower than a standard dose in 

combination with a method for lowering a subject's blood glucose to sensitize the 

cancer cells to the one or more chemotherapeutic agents. Sensitization of cancer cells 

to a chemotherapeutic agent in response to a decrease in blood sugar, renders the 

cancer cells, more sensitive to the effects of the chemotherapeutic agent as compared to 

healthy cells (i.e., low blood sugar potentiates a chemotherapeutic agent's effect in 

cancer cells). Potentiation of a chemotherapeutic agent's effect results in an effective 

amount of chemotherapy to be lower than a standard dose, thereby reducing the side 

effects caused due to damage or death to healthy cells. 

[0076] In other embodiments, a metabolic targeting chemotherapy treatment 

regimen for treating cancer may include a combination therapy, which affects multiple 

aspects of metabolism and provides synergistic efficacy not seen with individual 

compounds or treatments. The combination therapy includes administering an effective 

amount insulin to lower blood glucose and also administering an effective amount of 

metformin, both of which will inhibit glycolysis by limiting the supply of glucose and 
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inhibiting pro-glycolysis signaling, respectively. Alternatively, the combination therapy 

includes administering an effective amount of metformin alone prior to treatment with a 

chemotherapeutic agent. In some embodiments, the administration of metformin may 

be continued after the administration of the chemotherapeutic agent is stopped or 

finished. Further, in one embodiment, the methods described herein may include 

administration of insulin or an insulin-dependent agent to induce hypoglycemia, followed 

by administration of metformin concurrently with one or more chemotherapeutic agents. 

The administration may be continued after the administration of the one or more 

chemotherapeutic agents has been stopped. 

[0077] This is turn will reduce available ATP, necessary for the function of ABC 

transports which actively remove drug for CSCs. Additionally, limiting side effects of 

chemotherapy drugs by lowering blood glucose during treatment and using lower doses 

of the drugs allows for a treatment using immune system modulators to work more 

efficiently and allows for more frequent treatments. 

[0078] In some embodiments, a metabolic targeting chemotherapy treatment 

regimen may include administering a therapeutically effective dose of one or more 

chemotherapeutic agents to a subject having cancer after lowering said subject's blood 

glucose level. The chemotherapeutic agent may be, but is not limited to, any of the 

agents or combination regimens described above or a combination thereof. 

[0079] Lowering of a subject's blood glucose in accordance with the 

embodiments of the disclosure may be accomplished by one or more insulin dependent 

or insulin independent methods. Insulin independent methods that may be used include, 

but are not limited to, fasting a patient for a predetermined time, administering a low 
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carbohydrate or low glycemic diet to a patient for a predetermined time and 

administering a drug that lowers blood glucose independent of insulin or the insulin 

receptor. Insulin dependent methods for lowering blood glucose include, but are not 

limited to, administering a dose of insulin to the patient or administering IGF-1 or any 

other suitable insulin receptor agonist to the patient. 

[0080] In one embodiment, lowering of the subject's blood glucose level is 

accomplished by fasting a patient for a predetermined time. In one aspect, a patient 

may be fasted overnight to lower blood sugar to a baseline or fasting blood glucose 

level. A baseline blood glucose level is approximately 4.5-5.5 mmol/L. In another 

aspect, a patient may be fasted for a longer period of time to reduce blood glucose 

levels further. Such fasts may be used alone or may be supplemented by a diet having 

no sugar or carbohydrates or no sugar or carbohydrates. In another embodiment, 

lowering of the subject's blood glucose level is accomplished through administering a 

low glycemic diet comprising certain complex carbohydrates or a diet comprising no or 

low amounts of sugar or carbohydrates. Such diets may be used in combination with 

longer fasts. 

[0081] In another embodiment, lowering of the subject's blood glucose level is 

accomplished by administering a drug that lowers blood glucose independent of insulin 

or the insulin receptor. Insulin independent drugs suitable for use with the embodiments 

described herein include, but are not limited to, (i) biguanides (e.g. metformin) that 

decrease the amount of glucose produced by the liver and alpha-glucosidase inhibitors 

(e.g., acarbose and meglitol) that block the breakdown of starches and sugars in the 

intestine; and (ii) sulfonylureas (e.g., glimepiride, glyburide and glipizide), which are not 
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insulin or insulin agonists, however, they work in an insulin dependent manner by 

increasing the release of insulin by the pancreas. Taken alone or in combination with 

fasting they can cause drug induced hypoglycemia. Sulfonylureas are taken as 

individual compounds or in combination with metformin in a single pill. Examples of 

sulfonylureas are glimepiride, glyburide and glipizide. These insulin independent agents 

or drugs may be used in combination with administration of a chemotherapeutic in 

accordance with the embodiments of the disclosure. In some embodiments, one or 

more insulin-independent agents may be administered during the administration of one 

or more chemotherapeutic, after the administration of a chemotherapeutic, or a 

combination of both. 

[0082] In another embodiment, lowering of the subject's blood glucose level is 

accomplished by administering a dose of insulin or a suitable insulin rieceptor agonist 

sufficient to reduce blood glucose levels. In one embodiment, the dose of insulin is 

approximately 0.1 to 0.5 units/kg. In another embodiment, the dose of insulin is 

approximately 0.2 units/kg. In one aspect, the dose of insulin is sufficient to reduce 

blood glucose level to roughly half of a baseline or fasting blood glucose level, to about 

2.2-2.8 mmol/L. In another aspect, the dose of insulin is sufficient to reduce blood 

glucose level to about 2.8-4.5mmol/L. In another aspect, a dose of insulin that is 

sufficient to reduce the blood glucose level to below 2.2 mmol/L may be used, however, 

is more dangerous to the patients. 

[0083] Reducing blood sugar may potentiate the effect of chemotherapeutic 

agents through several mechanisms. Lowering blood glucose exploits the reliance on 

glucose by cancer cells to produce energy, also known as the Warburg effect (Warburg 
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1925). Cancer cells are glycolytic, and must consume glucose for. their energy needs. 

The glucose is consumed anaerobically by cancer cells, yielding less energy than 

aerobic respiration. As a consequence, cancer cells must consume a large amount of 

glucose. Because of this effect, any method to lower blood glucose in a cancer patient 

may put cancer cells in a starvation state, making the cancer cells more sensitive to 

chemotherapeutic agents. 

[0084] In addition to placing all cancer cells in a starvation state, lowering blood 

glucose levels in an insulin-independent manner to exploit the Warburg effect may also 

target cancer stem cells in particular, making them more vulnerable to 

chemotherapeutics. As discussed above, cancer stem cells retain many characteristics 

of normal stems cells, including chemoresistance characteristics as a result of 

increased expression of multi-drug resistance (MDR) pumps (Leonard et al. 2003). 

Because MDR pumps need ATP to work, lowering blood glucose levels reduces the 

available ATP available to the cancer stem cells to pump the chemotherapeutic drugs 

out of the cell, thereby disrupting the MDR pumps and overcoming the multi-drug 

resistance often seen in tumors. Further, targeting of MDR pumps in cancer stem cells 

by reducing blood glucose levels may be enhanced by administering a therapeutically 

effective dose of one or more MDR pump inhibitors in combination with a reduction in 

blood glucose. 

[0085] Therefore, according to some embodiments, a metabolic targeting 

chemotherapy treatment may include administering a dose of one or more 

chemotherapeutic agents that is lower than a standard dose in combination with a 

method for disrupting ATP-dependant MDR pumps in cancer stem cells. The method 
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for disrupting MDR pumps in cancer stem cells include reducing blood glucose levels in 

an insulin independent manner and/or administering one or more MDR pump inhibitors. 

Examples of MDR pump inhibitors suitable for use with embodiments of the disclosure 

include, but are not limited to, verapamil, quinidine, quinine, cyclosporine A, PSC 833, 

VX-710, LY335979, R101933, OC144-093 and XR9576 (Leonard et al. 2003). 

[0086] In addition, the use of insulin, an insulin receptor agonist for lowering 

blood sugar may further potentiate the effect of chemotherapeutic agents in cancer cells. 

Cancer cells from many types of cancer have been observed to have more insulin 

receptors than normal cells (Ayre et al. 2000; Abita et al. 1984). Therefore, the use of 

insulin or an insulin receptor agonist to decrease blood glucose levels is thought to 

increase permeability of cancer cells to a greater extent than in normal cells, making the 

cancer cells more vulnerable to chemotherapeutic agents, increasing their efficacy. 

(Ayre et al., 2000). For example, a 2-fold increase in the uptake of elipticine by MDA-

MB-231 breast cancer cells has been observed when the cells were incubated with 

insulin (Oster et al. 1981). Another study showed a 50% stimulation of uptake of 

methotrexate by breast cancer cells when the cells were incubated with insulin (Shilsky 

etal. 1971). 

[0087] In some embodiments, the reduction in blood sugar is a maximized 

reduction in blood sugar. A maximized reduction in blood sugar is a reduction that 

corresponds to a lowest safe dosage the patient can tolerate. A maximized dosage 

may be as low as approximately 1.2 mmol.L or lower, depending on the patient's 

tolerance as assessed in the clinic. 
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[0088] Further, in some embodiments, the reduction in blood sugar is maintained 

for a prolonged period of time, i.e., the reduction is maintained for as long as safely 

practicable. The longer one can safely keep the blood sugar down, the more favorable 

result will occur. 

[0089] This increase in cancer cell permeability and resulting increased uptake of 

chemotherapeutic agents may be due to an increase in insulin receptor or IGF-1 

receptor-mediated transport (Poznansky et al. 1984; Yoshimasa et al. 1984; Gasparro 

et al. 1986; Ayre 1989), but may also be due to alterations in cellular lipid synthesis 

causing an increase in membrane fluidity (Jeffcoat & Jame 1984; Shinitzky et al. 1971; 

Jeffcoat 1979). 

[0090] Insulin can also stimulate division of cancer cells, increasing the S-phase 

fraction in tumors, rendering the cells more susceptible to the cytotoxic effects of 

chemotherapeutic agents. Many chemotherapeutics act by targeting rapidly dividing 

cells as discussed above. Cancer cells are rapidly dividing cells, but only some cells 

are actively growing at any time, which means you can only kill some of the malignant 

cells at any time with conventional chemotherapy. Because insulin stimulates division 

in cancer cells, a higher percentage of the cancer cells divide at the same time, 

enabling chemotherapeutics to be absorbed by a much higher percentage of cancer 

cells. One study has shown that the addition of insulin to an asynchronous population 

of breast cancer cells increased the S-phase fraction to 66%, compared to only 37% in 

controls (Gross et al. 1984). Given the pharmacokinetics of neoplastic agents, 

particularly the cell-cycle phase specific agents, such an increase in the S-phase 

fraction would likely have a significant effect to enhance anticancer drug cytotoxicity. 
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[0091] In vitro data has shown the potentiation of chemotherapeutic agents in 

response to insulin. For example, when the chemotherapeutic agent methotrexate is 

administered with insulin to breast cancer cells in culture, the same percent cell killing is 

achieved with concentrations of methotrexate that are 104 lower than when 

methotrexate is administered alone (Alabaster et al. 1981). 

[0092] Another receptor often found in greater numbers in cancer cells than in 

normal cells of the same tissue type is the insulin-type growth factor-1 receptor (IGF-1 

receptor or IGF-1 R). IGF-1 is a peptide of 70 amino acid residues having 40% identity 

with proinsulin. Insulin and IGF-1 have some cross-reactivity with each other's receptor. 

Therefore, in some embodiments, IGF-1 or any suitable IGF-1 receptor agonist may be 

administered in addition to or as an alternative to insulin and may have the same or 

similar effect as insulin. 

Fluorine-18 Fluorodeoxyglucose Positron Emission Tomography (FDG-
PET) Use in Metabolic Targeted Chemo-immunotherapy 

[0093] FDG-PET is a commonly used scanning technology for oncology based 

on positron emitting isotope radiation. Combined with x-ray based computed 

tomography (CT), PET/CT is capable of three dimensional anatomical imaging overlaid 

with biochemical based scanning. Based on the Warburg effect, FDG-PET is able to 

detect cancers which uptake glucose more readily than surrounding tissue. This ratio 

between normal tissue glucose uptake and cancer cell glucose uptake is calculated into 

a Standard Uptake Value (SUV) where a high value SUV correlates with a high glucose 

metabolism. 

[0094] An FDG-PET scan presenting a lesion with a high SUV is indicative of 

malignancy of various cancers and is useful in staging of cancers. Traditionally, while 
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an initial high SUV is predictive of malignancy and able to find metastasis, it not 

predictive of treatment outcome. A second FDG-PET scan post treatment with 

traditional chemo-radiation therapies is usually necessary to predict efficacy of 

treatment. (Workman 2006) (Weber 2005) 

[0095] Because the Metabolic Targeted Chemo-immunotherapy described herein 

specifically targets cancer cells and CSCs, which use high levels of glucose, initial FDG-

PET scanning is predictive of our treatment outcome. Lesions with relative high SUV 

values, which can vary between different machines and sites performing the scan but 

generally greater than 2.5 SUV, will be susceptible to our treatment. These high glucose 

using lesions will respond well to Metabolic Targeted Chemo-immunotherapy causing 

regression in those lesions. 

[0096] In some embodiments, the methods Metabolic Targeted Chemo-

immunotherapy described herein preferentially targets a population of cancer cells over 

healthy cells. The population of cancer cells may be a population of cancer stem cells 

having a high standard uptake value (SUV). 

In one embodiment, a fractionated dose metabolic targeted chemotherapy protocol is 

provided. Such a protocol may include the following steps: 

1. administering a drug combination that includes Metformin at a dose of 
approximately 250mg - 2500mg oral daily, taken throughout treatment. 

2. fasting a patient overnight to reach baseline blood glucose levels, typically about 
4.5-5.5 mmol/L for non-diabetic patients. Diabetic patients may have fasting 
blood glucose levels well above 14 mmol/L. 

3. administering or injecting, on day 2, an i.v. with 500cc saline. Intravenous insulin 
(Humalog) is injected into the patients based on their body weight to reduce 
blood glucose levels to roughly half baseline at about 2.2-2.8 mmol/L for a non-
diabetic patient. Typically the dosage of insulin is 0.1 to 0.5 units/kg and the 
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average is 0.2 units/kg. Blood glucose levels are monitored for duration of 
treatment. 

4. administering or injecting each chemotherapy drug is injected separately (slow 
bolus), after the desired blood sugar level is reached. This includes drugs, such 
as cisplatin, that are generally administered by dripping saline. The dosage of 
each drug is typically approximately 5-25% of the standard chemotherapy 
dosage. 

5. administering or injecting, after the chemotherapy treatment, intravenous 
injection of a glucose solution, typically 50ml of 20% to recover from the low 
glucose levels; and rehydrating the patient with saline and consumption of liquids. 

6. patients are typically treated once, twice or three times per week with 
chemotherapy. Patients will normally receive 12-24 total treatments, though this 
number may vary due to clinical outcome or various other factors. 

Synergy between Metabolic targeting Chemotherapy and Immunologics. 

[0097] The idea that malignant cancer cells retain stem cell characteristics 

because they come from fusion between stem cells and non-malignant cells suggests it 

is also possible to turn malignant cancer cells into antigen-presenting cells (APCs) 

which makes them detectable by the immune system (Figure 2). 

[0098] Treatment of mesenchymal stem cells (MSCs) with interferon-Gamma 

causes them to become APCs (Chan et al). Other APCs (ie. Dendritic cells) can be 

derived by treating monocytes progenitor cells with GM-CSF, IL-4 and TNF-alpha 

(Ohgimoto et al.). Therefore, according to some embodiments, the methods described 

herein may include treating malignant cancer cells with interferon-Gamma, causing 

them to become APCs' and treating malignant cancer cells with GM-CSF, IL-4 and 

TNF-alpha, causing the cells to turn into dendritic cell-like APCs. 
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Immunotherapy and Immunologic Targeting Treatment 

[0099] In one embodiment, a method for treating cancer may include an 

immunologic targeting treatment regimen. The immunologic targeting treatment 

regimen may include the administration of one or more immunologic agent or 

immunotherapy. 

[00100] In some embodiments, metabolic targeting chemotherapeutic treatments 

as described above may, in effect, be considered an immunotherapy due to its immune 

cell sparing effect. By reducing the damage to the immune system and its innate ability 

to target cancer cells, an immunotherapeutic effect is achieved when compared to 

typical chemotherapy or combination chemotherapy. 

[00101] Immunologic agents can have direct cytotoxic and/or immunological 

effects against tumor cells. They are often administered in conjunction with 

chemotherapy in treatment of cancers. However, standard doses of cancer 

chemotherapy have significant immune toxicity. This makes the therapeutic efficacy of 

chemotherapy and immunologics difficult to combine. 

[00102] As described above, a metabolic targeting chemotherapy regimen may 

include reducing a patient's blood glucose level and administering a therapeutically 

effective dose one or more chemotherapeutic agents, wherein the therapeutically 

effective dose is lower than a standard dose of chemotherapy. By using chemotherapy 

drugs at lower than standard doses, the cells of the immune system will be, in large part, 

spared. Thus, an immune response against opportunistic infections and the cancer 

itself may be more effectively induced by administering an immunologic targeting 

treatment regimen in combination with the metabolic targeting chemotherapy regimen. 
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The combination of low-dose chemotherapy with immunotherapy will result in a 

synergistic therapeutic effect. 

[00103] Therefore, in some embodiments, a method for treating cancer may 

include administering a metabolic targeting chemotherapy treatment regimen in 

combination with an immunologic targeting treatment regimen. The immunologic 

targeting treatment regimen may include administering a therapeutically effective dose 

of one or more immunologic agents to stimulate an immune response in a subject 

having cancer. The immunologic agents may include any of the agents described 

herein, including pegylated forms thereof, liposomal forms thereof and any other 

suitable modified forms. 

[00104] There are two main types of immunologic agents, active and passive. 

Active immunologic agents, such as vaccines, stimulate an immune response to one or 

more specific antigenic types. In contrast, passive immunologic agents do not have 

antigenic specificity but can act as general stimulants that enhance the function of 

certain types of immune cells. Immunologic agents that may be used in an immunologic 

targeting treatment regimen may include immunostimulant substances that modulate 

the immune system by stimulating the function of one or more of the system's 

components. The methods described herein may be combined with behaviors or 

treatments that may stimulate the immune system including, but not limited to, exercise, 

meditation, yoga, deep breathing, tai chi/Qigong, and acupuncture. 

[00105] In some embodiments, immunologic agents that may be used in 

accordance with the methods described herein include, but are not limited to, vitamins, 

minerals, nutrients, herbs, plant-derived substances, fungi, animal or insect-derived 

42 



substances, adjuvants, antioxidants, amino acids, cytokines, chemokines, hormones, T 

cell costimulatory molecules, general immune-stimulating peptides, gene therapy, 

immune cell-derived therapy, and therapeutic antibodies. 

[00106] In some embodiments, the one or more immunologic agents may include, 

but is not limited to, vitamin C, vitamin A, vitamin E, vitamin B-6), carotenoids and beta 

carotene, selenium, zinc, flavanoids and bioflavanoids, iron chelators, astragalus, beta-

glucans, echinacea, elderberry, garlic, ginger, ginseng, ganoderma lucidum (Reishi or 

Ling Zhi), medicinal mushrooms (Reishi or Agaricus blazei), bee propolis, snake venom, 

scorpion, colostrum (e.g., bovine colostrum), indirubin, cordycepssinensis, Scutellaria 

baicalensis georgi, rhemannia glutinosa (Chinese Foxglove, Shen di Huang), quercetin, 

coenzyme Q10, lysine carnitine, glutathione-containing compounds, omega-3 fatty acids, 

prolactin, growth hormone, alpha-lipoic acid, lentinan, polysaccharide-K (MC-S), 

synthetic cytosine phosphate-guanosine (CpG), oligodeoxynucleotides, interleukins 

(e.g., IL-2 or IL-12), tumor necrosis factor alpha or beta (TNF-a or -li), granulocyte 

colony-stimulating factor (G-CSF), B7-1, ICAM-1, LFA-3, proline-rich polypeptides 

(PRPs, which can be made or derived from mammalian cololstrum such as bovine 

colostrum), imiquimod, beta-glucans, BCG vaccine, tumor antigens, killed tumor cell 

therapy, gene therapy vectors expressing cytokines, T cell costimulatory molecules or 

other suitable immunostimulatory molecules, dendritic cell based immunotherapeutics, 

T cell based adoptive immunotherapeutics,. 

[00107] In other embodiments, the one or more immunologic agent used in the 

methods described herein may be a therapeutic antibody or a functional fragment 

thereof that targets cancer cells. Passive immunotherapy in the form of therapeutic 
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antibodies has been the subject of considerable research and development as anti­

cancer agents. Therapeutic antibodies are typically administered in maximum tolerated 

doses to block target receptors that are overexpressed on cancer cells, blocking the 

receptor's function systemically. However, given at a dose that is substantially lower 

than the maximum tolerated dose (e.g., Vz to 1/1000th of the standard dose) allows the 

therapeutic antibody to act as an immunostimulant. After binding a target cancer cell, 

therapeutic antibodies or functional fragments thereof may stimulate cytotoxic immune-

mediated responses, such as antibody-dependent cell-mediated cytotoxicity and 

complement-dependent cytotoxicity, mediated by Fc region activation of complement or 

Fc receptor (FcR) engagement. After cancer cells have been lysed, macrophages and 

other phagocytic, antigen presenting immune cells may engulf the components of the 

lysed cell and present cancer cell antigens to stimulate an acquired immune response 

against the cancer cells. 

[00108] Examples of therapeutic antibodies that may be used as an immunologic 

agent according to the embodiments of the disclosure include, but are not limited to, 

alemtuzumab, bevacizumab, cetuximab, edrecolomab, gemtuzumab, ibritumomab 

tiuxetan, panitumumab, rituximab, tositumomab, and trastuzumab. 

[00109] The immunologic agent and/or chemotherapeutic agent used in the 

treatment regimens described herein may be administered to a patient as part of a 

pharmaceutical composition or formulation. In some embodiments, the pharmaceutical 

composition or formulation may include one or more immunologic agent, one or more 

chemotherapeutic agent, a physiologically acceptable carrier, or a combination thereof. 
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[00110] In some embodiments, the treatment regimens described herein may be 

used before, after or in combination with other cancer therapies, including, but not 

limited to, surgery, cryosurgery, light therapy and hyperthermia therapy. 

[00111] Having described the invention with reference to the embodiments and 

illustrative examples, those in the art may appreciate modifications to the invention as 

described and illustrated that do not depart from the spirit and scope of the invention as 

disclosed in the specification. The examples are set forth to aid in understanding the 

invention but are not intended to, and should not be construed to limit its scope in any 

way. The examples do not include detailed descriptions of conventional methods. 

Such methods are well known to those of ordinary skill in the art and are described in 

numerous publications. In addition, all of the references cited in the disclosure are 

hereby incorporated in their entirety by reference as if fully set forth herein. 

Example 1: Metabolic Targeting Chemotherapy Has a Beneficial Clinical Effect 

[00112] Patients. Six patients having various metastatic late stage cancers (i.e., 

stage 11 IB/I V) that were previously unresponsive to standard treatment with one or more 

chemotherapeutic agents, radiation, surgery or other modalities of treatment were 

selected and underwent treatment as described below. 

[00113] Treatment Regimen. Prior to treatment, patients were imaged by 

computed tomography (CT), magnetic resonance imaging (MRI), positron emission 

tomography (PET), or a combination thereof, and a baseline tumor mass was calculated. 

On day 0, patients were fasted overnight to reach baseline glucose levels (typically 

about 4.5-5.5 mmol/L). The following day (Day 1), after an initial intravenous flush with 

500cc saline, all patients received insulin (Humalog) at a dose of 0.1 to 0.5 units/kg 



body weight intravenously (i.v.) to lower blood glucose levels to roughly half of the 

baseline level (about 2.2-2.8 mmol/L). Blood glucose levels were monitored for the 

duration of the subsequent treatment regimen. 

[00114] After the desired blood glucose levels were reached, one or more 

chemotherapeutic agents were injected (i.v.) separately by a slow bolus or by dripping 

saline at an initial dosage that is 5-50% of the standard dosage for each particular agent. 

The dosage may be increased according to the patient's response to the initial dose or 

disease progression. After the chemotherapeutic treatment, patients were recovered 

from low blood glucose levels with an i.v. injection of a glucose solution (typically 50ml 

of 20% glucose solution) and were rehydrated with saline and consumption of liquids. 

[00115] Patients were treated once or twice weekly with the treatment regimen 

described above for up to 18 total treatments. Table 2 (shown below) shows 

information and the specific chemotherapeutic agents used in the treatment regimen for 

each patient. 

Table 2. Treatment Regimens 
Patient Age/Sex/Weight Type of Chemotherapeutics used (Dosage) #of 

No Cancer Treatments 

1 56/M/62kg Esophageal Gemcitabine (400mg) + THP-COHP* 
(30mg) + 5-fluorouracil (200mg) 

Gemcitabine (200mg) + THP-COHP* 
(25mg) + 5-fluorouracil (200mg) 

12 

6 

18 (TOTAL) 

2 55/M/50kg Colon COHP* (50mg) + 5-fluorouracil (200mg) 

Mitomysin C (2mg) + vincristine (0.5mg) 
+ 5-fluorouracil (200mg) 

12 

6 

18 (TOTAL) 

3 51/F/60kg Breast Cyclophosphamide (200mg) + cisplatin 
(10mg) + doxorubicin (6mg) 

6 

6 (TOTAL) 
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4 30/F/47kg Lung Cyclophosphamide (100mg) + 
vinorelbine (6mg) 

6 

6 (TOTAL) 

5 72/M/47kg Esophagus Etoposide (30mg) + oxaliplatin (30mg) 

Methotrexate (10mg) + oxaliplatin 
(30mg) + gemcitabine (200mg) 

12 

6 

18 (TOTAL) 

6 47/F/50kg Stomach Etoposide (20mg) + pirarubicin (8mg) + 
5-fluorouracil (200mg) 

18 

18 (TOTAL) 

[00116] Evaluation of Tumor Response. After treatment, patients were imaged by 

computed tomography (CT), magnetic resonance imaging (MRI), positron emission 

tomography (PET), or a combination thereof, to calculate a post-treatment tumor mass. 

A response category was assigned to each patient based on a comparison of the 

baseline tumor mass to the post-treatment tumor mass. 

[00117] The Standard World Health Organization (WHO) criteria were used to 

determine the response to the treatment regimen described above. Briefly, a complete 

response (CR) category is assigned when no clinically detectable cancer is found after 

treatment. A partial response (PR) category is assigned when a decrease in 

measurable tumor mass is observed (=50% decrease), no new areas of tumor develop, 

and no area of tumor shows progression. A minimal response (MR) category is 

assigned when a decrease in measurable tumor mass is observed (<50% decrease), no 

new areas of tumor develop, and no area of tumor shows progression. A progressive 

disease (PD) category is assigned when the mass of one or more tumor sites increases 

(>25% increase) or new lesions appear. A stable disease (SD) category is assigned 

when a measurable mass does not meet the criteria for CR, PR, MR or PD. A patient is 
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considered to have received a clinical benefit as a result of a particular treatment 

regimen based an objective response of CR, PR, MR, or SD. 

[00118] Table 3 shows tumor response to the treatment regimens described above. 

Briefly, patients 5 and 6 showed a partial response, patients 2 and 3 showed a minimal 

response, patient 1 showed stable disease and patient 4 showed progressive disease. 

Based on these results, 5/6 showed a clinical benefit of metabolic targeting therapy. 

This indicates that a treatment regimen that includes a decrease in blood glucose by 

administering a dose of insulin in combination with one or more chemotherapeutic 

agents results in an improvement over treatment with one or more chemotherapeutic 

agents alone in patients with late stage cancer. 

Table 3. Response to Treatment 
Patient 

No 
Age/Sex/Weight Type of Cancer Assigned Response 

Category 
Clinical Benefit? 

1 56/M/62kg Esophageal SD Yes 

2 55/M/50kg Colon MR Yes 

3 51/F/60kg Breast MR Yes 

4 30/F/47kg Lung PD No 

5 72/M/47kg Esophagus PR Yes 

6 47/F/50kg Stomach PR Yes 

Example 2: Metabolic Targeting Chemo-immunotherapy for the Treatment of 
Cancer 

[00119] Patients. Patients treated at Xi'an Xingcheng Borui Hospital 

383 -Ir) and Yangling Demonstration Zone Hospital 

K), having various metastatic late stage cancers (i.e., stage IIIB/IV; cancer type shown 

in Table 4 below) and were previously unresponsive to standard treatment with one or 
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more chemotherapeutic agents, radiation, surgery or other modalities of treatment were 

selected to undergo treatment as described below. 

[00120] Treatment Regimen. Prior to treatment, patients were imaged by 

computed tomography (CT), magnetic resonance imaging (MRI), positron emission 

tomography (PET), or a combination thereof, and a baseline tumor mass was calculated. 

[00121] On day 0, patients were administered an immunologic agent such as a 

therapeutic antibody or functional fragment thereof. Therapeutic antibodies that will be 

used in this treatment regimen may include commercially available antibodies against 

EGFR or HER2 such as cetuximab (Erbitux®), panitumumab (Vectibix®) and 

trastuzumab (Herceptin®). The therapeutic antibody was administered to the patients 

at a dose that is lower than the standard dose typically given for cancer treatment. The 

dose is typically between about 1/2 to 1/1000th of the standard dose. Although a single 

dose of the therapeutic antibody may be sufficient for the duration of the therapeutic 

regimen, optional additional booster doses may be given if needed. The booster dose 

may be repeated every two weeks, if needed. 

[00122] Following treatment with the immunologic agent, the patients were fasted 

overnight to reach baseline glucose levels (typically about 4.5-5.5 mmol/L). The 

following day (Day 1), after an initial intravenous flush with 500cc saline, all patients 

received insulin (Humalog) at a dose of 0.1 to 0.5 units/kg body weight intravenously 

(i.v.) to lower blood glucose levels to roughly half of the baseline level (about 2.2-2.8 

mmol/L). Blood glucose levels are monitored for the duration of the subsequent 

treatment regimen. 
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[00123] After the desired blood glucose levels are reached, one or more 

chemotherapeutic agents will be injected (i.v.) separately by a slow bolus or by dripping 

saline at a dosage that is 5-25% of the standard dosage for each particular agent. The 

one or more chemotherapeutic agents were selected based on the type of cancer and 

severity of the disease. For example, the agents may be any one or more 

chemotherapeutic agents in combination as described in Example 1 above (see patents 

1-6 in Table 2), or may be one or more of the agents described in the disclosure above. 

After the chemotherapeutic treatment, patients will be recovered from low blood glucose 

levels with an injection (i.v.) of a glucose solution (typically 50ml of 20% glucose 

solution) and are rehydrated with saline and consumption of liquids. 

[00124] Patients were treated once or twice weekly with the treatment regimen 

described above for up to 24 total treatments. The total number of treatments may vary 

due to clinical outcome or various other factors as determined by one skilled in the art. 

Table 4 below summarizes the treatment regimens used on each of the patients. 

Table 4. Treatment Regimens 

Patient 
No 

Age/Sex/ 
Weight 

Type of 
Cancer 

Chemotherapeutics used 
(Dosage) 

# of Treatments Erbitux 
(Dosage) 

1 71/M/68kg Lung Vinorelbine (10mg)+ 
Cisplatin (10mg) 

12 1x20 mg 

2 60/M/63kg Stomach Vinorelbine (10mg)+ 
Cisplatin (10mg)+ 5-
fluorouracil (250mg) 

12 1x20mg 

3 52/F/49kg Stomach Vinorelbine (10mg) + 
Cisplatin (10mg) + 5-
fluorouracil (250mg) 

. 12 1x20mg 

4 43/F/53kg Breast Vinorelbine (10mg) + 
Epirubicin (10mg) 

12 1x20mg 

5 47/M/70kg Esophagus Vinorelbine (1Qmg)+ 
Cisplatin (10mg)+ 5-
fluorouracil (250mg) 

12 1x20mg 
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6 62/M/65kg Lung Etoposide (100mg)+ 12 1x20mg 
Cisplatin (10mg) 

[00125] Evaluation of Tumor Response. After treatment, patients were imaged by 

computed tomography (CT), magnetic resonance imaging (MRI), positron emission 

tomography (PET), or a combiniation thereof, to calculate a post-treatment tumor mass. 

A response category will be assigned to each patient based on a comparison of the 

baseline tumor mass to the post-treatment tumor mass. 

[00126] The Standard World Health Organization (WHO) criteria will be used to 

determine the response to the treatment regimen described above. Briefly, a complete 

response (CR) category is assigned when no clinically detectable cancer is found after 

treatment. A partial response (PR) category is assigned when a decrease in 

measurable tumor mass is observed (=50% decrease), no new areas of tumor develop, 

and no area of tumor shows progression. A minimal response (MR) category is 

assigned when a decrease in measurable tumor mass is observed (<50% decrease), no 

new areas of tumor develop, and no area of tumor shows progression. A progressive 

disease (PD) category is assigned when the mass of one or more tumor sites increases 

(>25% increase) or new lesions appear. A stable disease (SD) category is assigned 

when a measurable mass does not meet the criteria for CR, PR, MR or PD. A patient is 

considered to have received a clinical benefit as a result of a particular treatment 

regimen-based an objective response of CR, PR, MR, or SD. 

[00127] Table 5, below shows the response of each patient to the treatment 

regimen described above. 
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Table 5. Response to Treatment 
Patient 

No 
Age/Sex/Weight Type of Cancer Assigned Response 

Category 
Clinical Benefit? 

1 71/M/68kg Lung CR Yes 

2 60/M/63kg Stomach CR Yes 

3 52/F/49kg Stomach PR Yes 

4 43/F/53kg Breast PR Yes 

5 47/M/70kg Esophagus PR Yes 

6 62/M/65kg Lung PR Yes 

[00128] Results will be compared to the results in Example 1. Briefly, all patients 

showed a response and clinical benefit as a result of receiving the treatment regimen: 

two of which showed a complete response. Thus, patients treated with one or more 

immunologic agent (e.g., a therapeutic antibody) in addition to a metabolic targeting 

therapy show an increased clinical benefit as compared to the metabolic targeting 

therapy alone. This increased clinical benefit may be a result of a synergistic effect of 

the metabolic targeting of the cancer cells in combination with the low dose 

chemotherapeutic agents allowing a more efficient immune response to the Fc domain 

of the therapeutic antibodies. 

[00129] Notably, Patient 4 showed a significant response to the treatment 

regimens described above. Patient 4 is a 43 year old female patient who presented 

with recurrent breast cancer 7 years post surgery and chemotherapy treatment. Wide 

spread metastasis was seen throughout the bones of the patient on a PET/CT scan 

(Figure 3). The Patient was administered 12 treatments of metabolic targeted chemo-

immunotherapy over a period of 6 weeks. A PET/CT scan taken after treatment 

showed remarkable remission of bone metastasis (Figure 3, top panel). 
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[00130] The same patient presented with a large mass in the lower left lung 

measuring 1.3 X 1.5 X 0.8 cm in the pre-treatment PET/CT scan (Figure 4, bottom 

panel). SUV value was low, 1.5, indicating low glucose uptake in the lesion. A follow 

up PET/CT scan showed an increase of the left lung mass size, 1.3X1.5X1.8 cm, 

however a slight decrease in SUV, 1.3 (Figure 4, top panel), indicating that although the 

size increased, the metabolic state of the lesion was likely more stable, which may 

contribute to a reduction in the aggressiveness of the cancer. The results of these 

studies indicate that the metabolic targeting chemo-immunotherapy riegimens described 

herein target metastatic cancer cells, in particular, the treatment methods described 

herein target cancer stem cells, which are likely the predominant cancer cell type 

responsible for metastasis and invasiveness of a cancer. 
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CLAIMS 

What is claimed is: 

1. A method for treating cancer comprising administering a metabolic targeting 

chemo-immunotherapy regimen, the metabolic targeting chemo-immunotherapy 

regimen comprising: 

administering a therapeutically effective dose of one or more immunologic agents 

to stimulate an immune response in a subject having cancer; 

reducing the patient's blood glucose level; and 

administering a therapeutically effective dose of one or more chemotherapeutic 

agents; 

wherein the therapeutically effective dose of the one or more immunologic agents 

and the one or more chemotherapeutic agents is lower then a standard dose. 

2. The method of claim 1, wherein the one or more immunologic agents are 

selected from the group consisting of vitamins, minerals, nutrients, herbs, plant-derived 

substances, fungi, animal or insect-derived substances, adjuvants, antioxidants, amino 

acids, cytokines, chemokines, hormones, T cell costimulatory molecules, general 

immune-stimulating peptides, gene therapy, immune cell-derived therapy, and 

therapeutic antibodies 

3. The method of claim 1, wherein at least one of the one or more immunologic 

agents is a therapeutic antibody or functional fragment thereof selected from the group 

consisting of alemtuzumab, bevacizumab, cetuximab, edrecolomab, gemtuzumab, 

ibritumomab tiuxetan, panitumumab, rituximab, tositumomab, and trastuzumab. 
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4. The method of claim 3, further comprising administering one or more booster 

doses of the one or more therapeutic antibodies. 

5. The method of claim 4, wherein the one or more booster doses are administered 

at an interval of two weeks. 

6. The method of claim 1, wherein the immunologic agent is selected from 

interferon-Gamma, GM-CSF, IL-4 or TNF-alpha and administration of said immunologic 

agent causes the cancer cells to become antigen presenting cells. 

7. The method of claim 1, wherein the immune response is a specific immune 

response. 

8. The method of claim 1, wherein the immune response is a non-specific immune 

response. 

9. The method of claim 1, wherein the blood glucose level is reduced by fasting, 

administering a dose of insulin, administering a dose of an insulin independent agent, or 

a combination thereof. 

10. The method of claim 9, wherein the insulin-independent agent is metformin, 

glimepiride, glyburide or glipizide. 

11. The method of claim 1, wherein the reduction in blood sugar is maximized. 

12. The method of claim 1, wherein the reduction in blood sugar is maintained for a 

prolonged period of time. 

13. The method of claim 1, further comprising administering a therapeutically 

effective dose of an insulin-independent agent in combination with the one or more 

chemotherapeutic agents. 
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14. The method of claim 13, wherein the insulin-independent agent is administered 

during the administration of the chemotherapeutic agent, after the administration of the 

chemotherapeutic agent, or both. 

15. The method of claim 14, wherein the insulin-independent agent is metformin. 

16. The method of claim 1, wherein the one or more chemotherapeutic agents are 

selected from the group consisting of alkylating agents, antimetabolites, anti-tumor 

antibiotics, topoisomerase inhibitors, mitotic inhibitors hormone therapy, glycolysis 

inhibitors, targeted therapeutics and immunotherapeutics. 

17. The method of claim 1, wherein the one or more chemotherapeutic agents 

comprise a plurality of chemotherapeutic agents, each targeting a different point in the 

cell cycle. 

18. The method of claim 1, wherein the one or more chemotherapeutic agents are 

administered at a high frequency. 

19. The method of claim 1, wherein the metabolic targeting chemo-immunotherapy is 

used for treating a cancer selected from the group consisting of bone cancer, bladder 

cancer, brain cancer, breast cancer, cancer of the urinary tract, carcinoma, cervical 

cancer, colon cancer, esophageal cancer, gastric cancer, head and neck cancer, 

hepatocellular cancer, liver cancer, lung cancer, lymphoma and leukemia, melanoma, 

ovarian cancer, pancreatic cancer, pituitary cancer, prostate cancer, rectal cancer, renal 

cancer, sarcoma, testicular cancer, thyroid cancer, and uterine cancer. 

20. The method of claim 1, wherein the metabolic targeting chemo-immunotherapy 

targets malignant and metastatic cancer cells and cancer stem cells. 
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21. The method of claim 1, wherein the metabolic targeting chemo-immunotherapy 

preferentially targets a population of cancer cells over healthy cells 

22. The method of claim 18, wherein the population of cancer cells is a population of 

cancer stem cells having a high standard uptake value (SUV). 

23. A method for treating cancer comprising administering a metabolic targeting 

chemo-immunotherapy regimen, the metabolic targeting chemo-immunotherapy 

regimen comprising: 

administering an initial therapeutically effective dose of a therapeutic antibody or 

functional fragment thereof to target a population of cancer cells and to stimulate an 

immune response in a subject having cancer; 

reducing the patient's blood glucose level by fasting and/or administering a dose 

of insulin; and 

administering a therapeutically effective dose of one or more chemotherapeutic 

agents; 

wherein the therapeutically effective dose of the therapeutic antibody and the one 

or more chemotherapeutic agents is lower then a standard dose. 

24. The method of claim 23, wherein the one or more therapeutic antibodies are 

selected from the group consisting of alemtuzumab, bevacizumab, cetuximab, 

edrecolomab, gemtuzumab, ibritumomab tiuxetan, panitumumab, rituximab, 

tositumomab, and trastuzumab. 

25. The method of claim 23, further comprising administering one or more booster 

doses of the one or more therapeutic antibodies. 
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26. The method of claim 25, wherein the one or more booster doses are 

administered at an interval of two weeks. 

27. The method of claim 23, wherein the immune response is a specific immune 

response. 

28. The method of claim 23, wherein the immune response is a non-specific immune 

response. 

29. The method of claim 23, wherein the reduction in blood sugar is maximized. 

30. The method of claim 23, wherein the reduction in blood sugar is maintained for a 

prolonged period of time. 

31. The method of claim 23, wherein the one or more chemotherapeutic agents are 

selected from the group consisting of alkylating agents, antimetabolites, anti-tumor 

antibiotics, topoisomerase inhibitors, mitotic inhibitors hormone therapy, glycolysis 

inhibitors, targeted therapeutics and immunotherapeutics. 

32. The method of claim 23, wherein the one or more chemotherapeutic agents 

comprise a plurality of chemotherapeutic agents, each targeting a different point in the 

cell cycle. 

33. The method of claim 23, wherein the one or more chemotherapeutic agents are 

administered at a high frequency. 

34. The method of claim 23, wherein the metabolic targeting chemo-immunotherapy 

is used for treating a cancer selected from the group consisting of bone cancer, bladder 

cancer, brain cancer, breast cancer, cancer of the urinary tract, carcinoma, cervical 

cancer, colon cancer, esophageal cancer, gastric cancer, head and neck cancer, 
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hepatocellular cancer, liver cancer, lung cancer, lymphoma and leukemia/melanoma, 

ovarian cancer, pancreatic cancer, pituitary cancer, prostate cancer, rectal cancer, renal 

cancer, sarcoma, testicular cancer, thyroid cancer, and uterine cancer. 

35. The method of claim 23, wherein the metabolic targeting chemo-immunotherapy 

targets malignant and metastatic cancer cells and cancer stem cells. 

36. The method of claim 23, wherein the metabolic targeting chemo-immunotherapy 

preferentially targets a population of cancer cells over healthy cells 

37. The method of claim 36, wherein the population of cancer cells is a population of 

cancer stem cells having a high standard uptake value (SUV). 

38. The method of claim 23, further comprising administering an immunologic agent 

concurrently with the metabolic targeting chemo-immunotherapy 

39. The method of claim 38, wherein the immunologic agent is selected from the 

group consisting of vitamins, minerals, nutrients, herbs, plant-derived substances, fungi, 

animal or insect-derived substances, adjuvants, antioxidants, amino acids, cytokines, 

chemokines, hormones, T cell costimulatory molecules, general immune-stimulating 

peptides, gene therapy, immune cell-derived therapy, and therapeutic antibodies. 

40. The method of claim 23, wherein the immunologic agent is selected from 

interferon-Gamma, GM-CSF, IL-4 or TNF-alpha and administration of said immunologic 

agent causes the cancer cells to become antigen presenting cells. 

41. A method for treating cancer comprising administering a metabolic targeting 

chemo-immunotherapy regimen, the metabolic targeting chemo-immunotherapy 

regimen comprising the steps of: 

64 



a) administering an initial therapeutically effective dose of one or more 

therapeutic antibodies to a subject having cancer to stimulate an immune response; 

b) fasting the subject overnight; 

c) administering an effective dose of insulin to the subject to reduce the 

subject's blood glucose level; and 

d) administering a therapeutically effective dose of one or more 

chemotherapeutic agents; 

wherein the therapeutically effective dose of the one or more immunologic agents 

and the one or more chemotherapeutic agents is lower then a standard dose. 

42. The method of claim 41, wherein the one or more therapeutic antibodies are 

selected from the group consisting of alemtuzumab, bevacizumab, cetuximab, 

edrecolomab, gemtuzumab, ibritumomab tiuxetan, panitumumab, rituximab, 

tositumomab, and trastuzumab. 

43. The method of claim 41, further comprising administering one or more booster 

doses of the one or more therapeutic antibodies. 

44. The method of claim 43, wherein the one or more booster doses are 

administered at an interval of two weeks. 

45. The method of claim 41, wherein the reduction in blood sugar is maximized. 

46. The method of claim 41, wherein the reduction in blood sugar is maintained for a 

prolonged period of time. 
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47. The method of claim 41, wherein the one or more chemotherapeutic agents are 

selected from the group consisting of alkylating agents, antimetabolites, anti-tumor 

antibiotics, topoisomerase inhibitors, mitotic inhibitors hormone therapy, glycolysis 

inhibitors, targeted therapeutics and immunotherapeutics. 

48. The method of claim 47, wherein the one or more chemotherapeutic agents 

comprise a plurality of chemotherapeutic agents, each targeting a different point in the 

cell cycle. 

49. The method of claim 47, wherein the one or more chemotherapeutic agents are 

administered at a high frequency. 

50. The method of claim 41, wherein the metabolic targeting chemo-immunotherapy 

targets malignant and metastatic cancer cells and cancer stem cells. 

51. The method of claim 41, wherein the metabolic targeting chemo-immunotherapy 

preferentially targets a population of cancer cells over healthy cells 

52. The method of claim 51, wherein the population of cancer cells is a population of 

cancer stem cells having a high standard uptake value (SUV). 

53. A method for treating cancer comprising administering a metabolic targeting 

chemotherapy regimen, the metabolic targeting chemotherapy regimen comprising: 

reducing a cancer patient's blood glucose level in an insulin independent manner 

to target MDR pumps expressed in a population of cancer stem cells; and 

administering a therapeutically effective dose of one or more chemotherapeutic 

agents, wherein the therapeutically effective dose of the one or more chemotherapeutic 

agents is lower than a standard dose. 
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54. The method of claim 53, wherein the insulin independent manner of reducing the 

blood glucose level is selected from fasting, exercise, low carbohydrate diet, 

administration of an alpha-glucosidase inhibitor, administration of a biguanide drug, or a 

combination thereof. 

55. The method of claim 53, wherein the reduction in blood sugar is maximized. 

56. The method of claim 53, wherein the reduction in blood sugar is maintained for a 

prolonged period of time. 

57. The method of claim 53, wherein the one or more chemotherapeutic agents are 

selected from the group consisting of alkylating agents, antimetabolites, anti-tumor 

antibiotics, topoisomerase inhibitors, mitotic inhibitors hormone therapy, glycolysis 

inhibitors, targeted therapeutics and immunotherapeutics. 

58. The method of claim 53, wherein the one or more chemotherapeutic agents 

comprise a plurality of chemotherapeutic agents, each targeting a different point in the 

cell cycle. 

59. The method of claim 53, wherein the one or more chemotherapeutic agents are 

administered at a high frequency. 

60. The method of claim 53, further comprising administering a therapeutically 

effective dose of an MDR pump inhibitor. 

61. The method of claim 60, wherein the MDR pump inhibitor is selected from the 

group consisting of verapamil, quinidine, quinine, cyclosporine A, PSC 833, VX-710, 

LY335979, R101933, OC144-093 and XR9576. 
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62. The method of claim 53, further comprising administering a therapeutically 

effective dose of one or more immunologic agents to stimulate an immune response, 

wherein the therapeutically effective dose of the one or more chemotherapeutic agents 

is lower than a standard dose. 

63. The method of claim 62, wherein the one or more immunologic agents are 

selected from the group consisting of vitamins, minerals, nutrients, herbs, plant-derived 

substances, fungi, animal or insect-derived substances, adjuvants, antioxidants, amino 

acids, cytokines, chemokines, hormones, T cell costimulatory molecules, general 

immune-stimulating peptides, gene therapy, immune cell-derived therapy, and 

therapeutic antibodies. 

64. The method of claim 53, wherein the immunologic agent is selected from 

interferon-Gamma, GM-CSF, IL-4 or TNF-alpha and administration of said immunologic 

agent causes the cancer cells to become antigen presenting cells. 

65. The method of claim 53, wherein the metabolic targeting chemo-immunotherapy 

targets malignant and metastatic cancer cells and cancer stem cells. 

66. The method of claim 53, wherein the metabolic targeting chemo-immunotherapy 

preferentially targets a population of cancer cells over healthy cells 

67. The method of claim 66, wherein the population of cancer cells is a population of 

cancer stem cells having a high standard uptake value (SUV). 

68. The method of claim 53, further comprising administering a subsequent dose of 

insulin. 
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