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FASTING MIMICKING DIET (FMD) AND GLUCOSE LOWERING DRUGS PROTECT
NORMAL CELLS AND GENERATE CANCER SENSITIZING CONDITIONS IN
RESPONSE TO STANDARD AND HIGH GLUCOSE CONDITIONS INDUCED BY
RAPAMYCIN AND DEXAMETHASONE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional application Serial No.
62/148,451 filed April 16, 2015, the disclosure of which is hereby incorporated in its entirety by

reference herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] The invention was made with Government support under Contract No.
IPO1AGO034906 awarded by the National Institutes of Health. The Government has certain

rights to the invention.
TECHNICAL FIELD

[0003] In at least one aspect, the present invention relates to methods to protect normal
tissues from increased toxicity/sensitization to chemotherapy drugs induced by the raised
circulating glucose levels upon administration of rapamycin and the palliative drug

dexamethasone.
BACKGROUND

[0004] Cancer management and treatment has significantly improved over the past
century. However, the standard of care is still predominantly uses chemotherapy, radiotherapy or
their combination. Both modes of treatment are associated with a multitude of side effects
ranging from discomfort to development of secondary cancers and organ toxicity especially heart
and liver. To increase efficacy of cancer treatment and to help with management of symptoms,
other drugs such as dexamethasone are often used in combination with chemo- and radio-

therapy. Dexamethasone (Dexa), commonly combined with chemotherapy, is often used as a
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palliative drug that has also been shown to be effective in treating multiple myeloma, leukemia,
and lymphoma. However, treatment with Dexa can be causative of a number of side effects

including, fluid retention, weight gain, heartburn, insomnia and elevated levels of blood glucose.

[0005] It has previously been shown that Short-Term Starvation (STS) is an effective
practice to ease the discomfort associated with cancer treatment while increasing the efficacy of
such treatments. Moreover, it has been demonstrated that STS regimens are an effective method
in protecting normal cells and tissues during chemotherapy (Differential Stress Resistance or
DSR) (Raffaghello et.al., PNAS. 2008, PMID: 18378900, and Lee et.al. Cancer Research. 2010,
PMID: 20145127).

[0006] It has been previously shown that fasting can sensitize cancer cells but not normal
cells to chemotherapy, a phenomena referred to as Differential Stress Sensitization (DSS), which
efficacy has been attributed to the reduction in circulating glucose and IGF-1 levels (Figure 2)
(Lee et.al. Sci Transl Med. 2012, PMID: 22323820). However, a 10- to 14-day re-feeding period

between fasting cycles is needed to recover the body weight loss.

[0007] 5' AMP-activated protein kinase (AMPK) is an enzyme up-regulated during
STS/FMD regimen and which plays a role in cellular energy homeostasis and has been
associated with lifespan extension. AMPK is also considered a metabolic tumor suppressor (Luo
et.al. Future Oncol. 2010, PMID: 20222801). Metformin, is an AMPK activator that leads to the
reduction of circulating glucose (Figure 1E) and has potential for the treatment/prevention of

cancer.

[0008] The central players that regulate metabolism in all living cells do so by
modulating normal-cell growth in part by regulating serine/threonine protein kinases, which has
led to the modified standard of care that included administration of kinases inhibitors such as
rapamycin (Rapa) in combination with chemotherapy. Kinases and other signal transduction
inhibitors can delay cancer growth and are widely used but, like dexamethasone, can also cause

major side effects to normal cells.

[0009] Accordingly, there is a need for treatment protocols that (i) mitigate the side

effects associated with the adjunct drugs used in chemotherapy, and (ii) can maintain reduced
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glucose levels during the “re-feeding” period between STS cycles or to substitute STS/FMD and

sensitize cancer cells.
SUMMARY

[0010] The present invention solves one or more problems of the prior art by providing,
in at least one embodiment, a method for treating hyperglycemia or reducing glycemia in a
subject undergoing chemotherapy or other cancer therapy. The method includes a step of
identifying a subject undergoing chemotherapy and being administered a hyperglycemia-
inducing agent. Short-term starvation, a fasting mimicking diet, or insulin are administered for a
first time period to the subject to prevent or reverse hyperglycemia and sensitization to

chemotherapy associated with increased glucose levels.

[0011] Various embodiments of the invention, alleviate or treat symptoms of
chemotherapy which can be worsened by the complementary administration of rapamycin and
the steroid medication dexamethasone. It is shown below (Figure 1B-C) that the administration
of dexamethasone and rapamycin (Figure 1B, D) for the treatment of chemotherapy-associated
side can cause sensitization of animals to chemotherapy. As shown below (Figure 1B-D), the
administration of insulin to reduce circulating glucose levels in control mice, as well as in
animals undergoing Rapa and Dexa treatment, can reverse the toxicity of doxorubicin and of
other chemotherapy drugs. Because of the wide use of rapamycin and dexamethasone for the
treatment of certain tumors in humans, these results have important implications for the safety of

patients and efficacy of those therapies.

[0012] Because of its effects in reducing circulating glucose levels (Figure 1E) and up-
regulating AMPK, which we have shown to inactivate PKA signaling, Metformin has the
potential to be used as a STS-mimicking drug to (i) reverse the hyperglycemia-associated
cytotoxic effects of chemotherapy and, when administered during the re-feeding period by both
acting on glucose levels and PKA, to (i) potentiate/prolong the effect of STS in reducing the
tumor-progression, again by acting on both glucose and AMPK-PKA signaling. Thus, metformin
can promote both differential stress resistance and differential stress sensitization by both
reducing glucose levels and acting on PKA signaling as described in Raffaghello er.al., PNAS.
2008; PMID: 18378900 and Lee et.al. Sci Transl Med. 2012; PMID: 22323820.

3



WO 2016/168802 PCT/US2016/028055

[0013] In another embodiment, a method of replacing or enhancing effects of a fasting
mimicking diet (FMD) on cancer cell sensitization is provided. The method includes a step of
identifying a subject receiving chemotherapy or another cancer therapy. Metformin is then

administered to the subject by administering to the subject.

[0014] In another embodiment, a method of promoting differential stress is provided.
The method includes a step of identifying a subject with one or more of breast cancer, ovarian
cancer, colorectal cancer, melanoma, prostate cancer, cervical cancer, epidermoid carcinoma,
neuroblastoma, or any additional cancer type. Metformin is administered to the subject to reduce
glucose levels and promote differential stress sensitization to specifically kill cancer but not

normal cells.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGURE 1A, 1B, 1C, 1D and 1E. Increase in circulating glucose levels
mediates the sensitization of the host to chemotherapy. Administration of rapamycin (Rapa) or
dexamathasone (Dexa) (A) caused an increase in glucose levels that was significantly reduced by
insulin and, even more, by STS (B). Asterisks in B indicate the significance of each group
compared to the ad lib (AL) group. The significance of each group compared to its internal
control is indicated with daggers (i.e. the daggers on Rapa + ins and Dexa + ins indicate the
significance compared to AL + ins). For the stress resistance experiment shown in C and D we
followed the schedule shown in A. Rapamycin and Dexamethasone where administrated ip for
14 days prior DXR injection (day 0). Following the administration of 24 mg/kg of DXR, the
animals where monitored for signs of distress and the survival was recorded (C and D). STS, ad
lib, and ad lib + ins groups reported in C and D were shared groups and have the same values in
both graphs. (E) Blood glucose levels in mice injected ip with metformin- 50 mg/kg (saline for
control mice). One-way ANOVA test was performed and differences with p-value<0.05 were

considered significant (p-value<0.05, 0.01 and 0.001 are indicated as *, *, and ***, respectively).

[0016] FIGURE 2. Effect of glucose restriction on DXR sensitivity of 9 different mouse
and human cancer cell lines. Control groups were cultured in DMEM supplemented with 2.0 g/L
glucose, while the glucose restriction groups were cultured in DMEM supplemented with 0.5 g/L

glucose. Survival was determined by MTT reduction. The cancer cell line tested were: 4T1
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(mouse breast cancer), B16 (mouse melanoma), GL26 (mouse glioma), C42B (human prostate
cancer), MCF-7 (human breast cancer), HeLL.a (human cervical cancer), A431 (human epidermoid

carcinoma), ACN (human neuroblastoma), and MZ2-MEL (human melanoma).

[0017] TABLE 1. Micronutrient content provided by the Fasting Mimicking Diet (FMD)
DETAILED DESCRIPTION
[0018] Reference will now be made in detail to presently preferred compositions,

embodiments and methods of the present invention which constitute the best modes of practicing
the invention presently known to the inventors. The Figures are not necessarily to scale.
However, it is to be understood that the disclosed embodiments are merely exemplary of the
invention that may be embodied in various and alternative forms. Therefore, specific details
disclosed herein are not to be interpreted as limiting, but merely as a representative basis for any
aspect of the invention and/or as a representative basis for teaching one skilled in the art to

variously employ the present invention.

[0019] Except in the examples, or where otherwise expressly indicated, all numerical
quantities in this description indicating amounts of material or conditions of reaction and/or use
are to be understood as modified by the word "about" in describing the broadest scope of the
invention. Practice within the numerical limits stated is generally preferred. Also, unless
expressly stated to the contrary: percent, “parts of,” and ratio values are by weight; the
description of a group or class of materials as suitable or preferred for a given purpose in
connection with the invention implies that mixtures of any two or more of the members of the
group or class are equally suitable or preferred; description of constituents in chemical terms
refers to the constituents at the time of addition to any combination specified in the description
and does not necessarily preclude chemical interactions among the constituents of a mixture once
mixed; the first definition of an acronym or other abbreviation applies to all subsequent uses
herein of the same abbreviation and applies mutatis mutandis to normal grammatical variations
of the initially defined abbreviation; and, unless expressly stated to the contrary, measurement of

a property is determined by the same technique as previously or later referenced for the same

property.
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[0020] It is also to be understood that this invention is not limited to the specific
embodiments and methods described below, as specific components and/or conditions may, of
course, vary. Furthermore, the terminology used herein is used only for the purpose of describing

particular embodiments of the present invention and is not intended to be limiting in any way.

[0021] It must also be noted that, as used in the specification and the appended claims,
the singular form "a," "an," and "the" comprise plural referents unless the context clearly
indicates otherwise. For example, reference to a component in the singular is intended to

comprise a plurality of components.

[0022] Throughout this application, where publications are referenced, the disclosures of
these publications in their entireties are hereby incorporated by reference into this application to

more fully describe the state of the art to which this invention pertains.

[0023] Abbreviations:

[0024] “AL” mean ad [ib.

[0025] “FMD” means fasting mimicking diet.

[0026] “STS” means short-term starvation.

[0027] “DSR” means differential stress resistance.
[0028] “DSS” means differential stress seneitization.
[0029] “DXR” means doxorubicin.

[0030] “Rapa” means rapamycin.

[0031] “Dexa” means dexamethasone.

[0032] “ins” means insulin.

[0033] “AMPK” means 5' AMP-activated protein kinase.
[0034] “ip” means intraperitoneal.



WO 2016/168802 PCT/US2016/028055

[0035] The terms “kilocalorie” (kcal) and “Calorie” refer to the food calorie.
[0036] The term “calorie” refers to the so-called small calorie.
[0037] The term “subject” refers to a human or animal, including all mammals such as

primates (particularly higher primates), sheep, dog, rodents (e.g., mouse or rat), guinea pig, goat,

pig, cat, rabbit, and cow.

[0038] The term “fasting mimicking diet” means a diet that provides the subject with a
calorie restricted diets formulated in a way to generate changes in glucose, ketone bodies, IGF-1
and IGFBPI1 similar to those caused by fasting but able to provide high nourishment and

minimize hunger.

[0039] In an embodiment, methods for treating hyperglycemia in a subject undergoing
chemotherapy are provided. The method includes a step of identifying a subject undergoing
chemotherapy and being administered a hyperglycemia-inducing agent. Short-term starvation, a
fasting mimicking diet (FMD) or insulin are administered for a first time period to the subject to
prevent or reverse hyperglycemia and sensitization to chemotherapy associated with increased
glucose levels. In the context of the present embodiment, preventing hyperglycemia or
sensitization means reducing the probability that these side effect will occur. In general, the
FMD diet provides less than about 1000 kilocalories per day, while STS provides no calories
when administered. In a refinement, the hyperglycemia-inducing agent is a kinase inhibitor or a
corticosteroid. Specific examples of hyperglycemia-inducing agent include, rapamycin, steroid
medications including dexamethasone, and the like, and combinations thereof. In a refinement,
short-term starvation or a fasting mimicking diet is repeated a plurality of times at predetermined
intervals. For example, short-term starvation or a fasting mimicking diet can be repeated at
intervals from two weeks to 2 months. Typically, he subject is administered a normal diet i.e., re-
feeding period) in between these repetitions. In this context, a normal diet is a diet of sufficient
caloric intake to maintain the patient weight. In a refinement, the normal caloric intake provides

the subject with 1500 to 2500 keal or 1800 to 2300 kcal, or 1800 to 2000 kcal.

[0040] Examples of STS protocols are found in U.S. Pat. Appl. Nos. 12/430,058 and

13/488,590; the entire disclosures of which are hereby incorporated by reference. In a variation,
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the STS diet provides a hypo-caloric or calorie free diet. The diet contains dietary materials
capable of providing nutrition to a human subject while providing no more than 813-957 kcal
(e.g., no more than 700, 500, 300, or 100 kcal, or O kcal) total energy, and no more than 30-36 g
(e.g., no more than 20, 10, or 5 g, or 0 g) protein. If carbohydrates are present in the dietary
materials, no more than half of the energy is in the carbohydrates. In a refinement, the
STS/FMD diet may be administered to the subject for 3-10 consecutive days prior to when the
subject is exposed to chemotherapy. The diet may also be administered to the subject for 24
hours following the exposure. Preferably, the diet may be administered to the subject for both 3-
10 consecutive days prior to when the subject is exposed to chemotherapy and 24 hours

following the exposure.

[0041] In another variation, the STS diet provides nutrition while providing no more than
11 keal (e.g., no more than 8, 5, or 2 kcal, or 0 kcal) energy per kg body weight of the subject per
day and no more than 0.4 g (e.g., 0.3, 0.2, or 0.1 g or 0 g) protein per kg body weight of the
animal or human per day. If carbohydrates are present in the diet, no more than half of the energy
is in the carbohydrates. In some embodiments, the diet is capable of providing no more than 700
kcal (e.g., 600, 400, or 200 kcal or 0 kcal) total energy per day. When the subject is exposed to
chemotherapy, normal cells, but not abnormal cells such as cancer cells, in the animal or human
are protected. For example, the diet may be administered to the animal or human for 3-10
consecutive days prior to the subject’s exposure to chemotherapy. The diet may also be
administered to the subject for 24 hours following the exposure. Preferably, the diet may be
administered to the subject for both 3-10 consecutive days prior to the subject’s exposure to

chemotherapy and 24 hours following the exposure.

[0042] In another variation, the STS/FMD protocol involves fasting mimicking diets.
For example, the subject suffering from cancer may be fasted for 48-140 hours prior to one
round of chemotherapy or 4-56 hours following the chemotherapy. Preferably, the subject
suffering from cancer is given a FMD for 48-140 hours prior to one round of chemotherapy and

4-56 hours following the chemotherapy.

[0043] Examples of FMD diets are found in U.S. Pat. Appl. Nos. 14060494 and
14178953 and WIPO Pub. No. W02011/050302 and WIPO Pub. No. W0O2011/050302; the
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entire disclosures of which are hereby incorporated by reference. Typically, in the FMD protocol
a subject’s diet is substituted for a predetermined number of days (i.e. 5 days). During this
period, subjects consume plenty of water. For healthy subjects of normal weight (Body Mass
Index or BMI between 18.5-25), the diet is consumed once a month (5 days on the diet and 25-26
days on their normal diet) for the first 3 months and every 3 months thereafter (5 days every 3
months). The weight of the subject is measured and the subject must regain at least 95% of the
weight lost during the diet before the next cycle is begun. Subjects with BMI of less than 18.5
should not undertake the FMD unless recommended and supervised by a physician. The same
regimen (once every month for 3 months followed by once every 3 months thereafter) can be
adopted for the treatment, or in support of the treatment, of all of the conditions presented in the
patent applications. U.S. Pat. Appl. No. 14178953 provides a low protein version of the FMD
diet.

[0044] In one variation, the FMD set forth in U.S. Pat. Appl. Nos. 12/430,058 is used in
the methods set forth above. This diet includes nutrition facts relative to calories, macronutrients
and micronutrients. Calories are consumed according to the user’s body weight. Total calorie
consumption is 4.5-7 calorie per pound (or 10-16 calorie per kilogram) for day 1 and 3-5 calorie
per pound (or 7-11 calorie per kilogram) for day 2 to 5. Figures 12-14 provides listings of the
nutrients for day one through day five. In addition to the macronutrients, the diet should contain
less than 30 g of sugar on day 1 and less than 20 g of sugar on days 2-5. The diet should contain
less than 28 g of proteins on day 1 and less than 18 g of proteins on days 2-5. The diet should
contain between 20 and 30 grams of monounsaturated fats on day 1 and 10-15 grams of
monounsaturated fats on days 2-5. The diet should contain between 6 and 10 grams of
polyunsaturated fats on day 1 and 3-5 grams of polyunsaturated fats on days 2-5. The diet
should contain less than 12 g of saturated fats on day 1 and less than 6 grams of saturated fats on
days 2-5. Typically, the fats on all days are derived from a combination of the following:
Almonds, Macadamia Nuts, Pecans, Coconut, Coconut oil, Olive Oil and Flaxseed. In a
refinement, the FMD diet includes over 50% of the recommended daily value of dietary fiber on
all days. In the further refinement, the amount of dietary fiber is greater than 15 grams per day on
all five days. The diet should contain 12-25 grams of glycerol per day on days 2-5. In a
refinement, glycerol is provided at 0.1 grams per pound body weight/day.
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[0045] In a refinement, the FMD includes the following micronutrients (at least 95%
non-animal based): over 5,000 IU of vitamin A per day (days 1-5); 60-240 mg of vitamin C per
day (days 1-5); 400-800 mg of Calcium per day (days 1-5); 7.2-14.4 mg of Iron per day (days 1-
5); 200-400 mg of Magnesium per day (days 1-5); 1-2 mg of copper per day (days 1-5); 1-2 mg
of Manganese per day (days 1-5); 3.5-7 mcg of Selenium per day (days 1-5); 2-4 mg of Vitamin
B1 per day (days 1-5); 2-4 mg of Vitamin B2 per day (days 1-5); 20-30 mg of Vitamin B3 per
day (days 1-5); 1-1.5 mg of Vitamin BS per day (days 1-5); 2-4 mg of Vitamin B6 per day (days
1-5); 240-480 mcg of Vitamin B9 per day (days 1-5); 600-1000 IU of Vitamin D per day (days
1-5); 14-30 mg of Vitamin E per day (days 1-5); over 80 mcg of Vitamin K per day (days 1-5);
16-25 mcg Vitamin B12 are provided during the entire 5-day period, 600 mg of
Docosahexaenoic acid (DHA, algae-derived) are provided during the entire 5-day period. The
FMD diet provides high micronutrient content mostly (i.e., greater than 50 percent by weight)
from natural sources including: Kale, Cashews, Yellow Bell Pepper, Onion, Lemon Juice, Yeast,
Turmeric. Mushroom, Carrot, Olive Oil, Beet Juice, Spinach, Tomato, Collard, Nettle, Thyme,
Salt, Pepper, Vitamin B12 (Cyanocobalamin), Beets, Butternut Squash, Collard, Tomato,
Oregano, Tomato Juice, Orange Juice, Celery, Romaine Lettuce, Spinach, Cumin, Orange Rind,
Citric Acid, Nutmeg, Cloves, and combinations thereof. Table 1 provides an example of

additional micronutrient supplementation that can be provided in the FMD diet:

[0046] Table 1. Micronutrient Supplementation

s Unit

: Supplement Formula Amount Amount Range

U
VitA 1250 TU 900-1600

mg
Vit C__: Ascorbic Acid CeHgOg 15.0000 10-20

Calcium mg
Ca i Carbonate CaCO; 80.0000 60-100

mg
Fe i Ferrous Fumarate | C4H;FeQOy 4.5000 3-6
Vit D3 Cholecalciferol C,7HyO 0.0025 0.001-0.005

. dl-Alpha
Vit E Acetate Cy9Hs500, 5.0000 3-7

mg
Vit K | Phytonadione 0.0200 0.1-0.04

10
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Thiamine mg
Vit B1 Mononitrate C12H17NsO4S 0.3750 0.15-0.5

mg
Vit B2 | Riboflavin E101 | C7HyN,04 0.4250 0.2-0.6

mg
Vit B3 | Niacinamide CsHsN,O 5.0000 3-7

Calcium mg
Vit BS Pantothenate C18H3zcaN2010 2.5000 1.5-4.0

. Pyridoxine mg
Vit B6 Hydrochloride CgH;1NO; - HC1 0.5000 0.3-0.7

mg
Vit B7 BlOtlIl C10H16N203S 0.0150 0.01-0.02

mg
Vit B9 Folic Acid C19H19N706 0.1000 0.07-0.14
Vit ! mg
B12 Cyanocobalamin | Cg3HgsCoN,O4P  0.0015 0.001-0.002

Chromium mg
Cr i Picolinate Cr(C6H4NO2)3 0.0174 0.014-0.022

mg
Cu i Cupric Sulfate CuSO4 0.2500 0.18-0.32

mg
I Potassium Iodide | KI 0.0375 0.03-0.045

. Magnesium mg
Mg i Oxide MgO 26.0000 20-32

- Manganese mg
Mn i Sulfate MnSOy 0.5000 0.3-0.7
Mo Molybdate Na,MoOy 0.0188 0.014-0.023

mg
Se i Sodium Selenate | Na,0,Se 0.0175 0.014-0.023

mg
Zn i Zinc Oxide ZnO 3.7500 3-5

[0047] In another embodiment, a diet package for implemented the method forth above is

provided. The diet package includes a first set of rations for a first diet to be administered for a
first time period to a subject, the first diet providing from 4.5 to 7 kilocalories per pound of
subject for a first day and 3 to 5 kilocalories per pound of subject per day for a second to fifth
day of the first diet. The diet package includes rations that provide less than 30 g of sugar on the
first day; less than 20 g of sugar on the second to fifth days; less than 28 g of proteins on the first
day; less than 18 g of proteins on days the second to fifth days; 20 to 30 grams of
monounsaturated fats on the first day; 10 tol5 grams of monounsaturated fats on the second to

fifth days; between 6 and 10 grams of polyunsaturated fats on the first day; 3 to 5 grams of
11
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polyunsaturated fats on the second to fifth days; less than 12 g of saturated fats on the first day;
less than 6 grams of saturated fats on the second to fifth days; and 12 to 25 grams of glycerol per
day on the second to fifth days. In a refinement, the diet package further includes sufficient
rations to provide the micronutrients set forth above. In a further refinement, the diet package

provides instructions providing details of the methods set forth above.

[0048] In refinement of the embodiments set forth above, a 5-day supply of diet includes:
soups/broths, soft drinks, nut bars and supplements. The diet is administered as follows: 1) on the
first day a 1000-1200 kcal diet with high micronutrient nourishment as set forth above is
provided; 2) for the next 4 days a daily diet of 650- 800 kcal plus a drink containing a glucose

substitution carbon source providing between 60-120 kcal are provided.

[0049] In another refinement of the embodiments set forth above, a 6-day low-protein
diet protocol includes: soups/broths, soft drinks, nut bars, and supplements. The diet is
administered as follows: 1) on the first day a 1000-1200 kcal diet plus with high micronutrient
nourishment is provided; 2) for the next 3 days a daily diet of less than 200 kcal plus a drink
containing a glucose substitution carbon source providing between 60 and 120 kcal. This
substitution carbon source does not interfere with the effect of fasting on stem cell activation; 3)
on the 5th day the subject consumes a normal diet; and 4) on day 6 an additional replenishment
foods consisting of a high fat source of 300 kcal and a micronutrient nourishment mix on day 6
replenishment foods consisting of a high fat source of 300 kcal and a micronutrient nourishment

mix are provided in addition to normal diet.

[0050] In still another refinement, a diet protocol includes: 6-day supply of low-protein
diet includes: soups/broths, soft drinks, nut bars, and supplements. 1) on the first day a 1000-
1200 kcal diet with high micronutrient nourishment is provided; 2) for the next 3 days a daily
diet of 600 to 800 kcal which contains less than 10 grams of protein and less than 200 kcal from
sugars; 3) on the 5th day the subject receives a normal diet; and 4 ) on day 6 an additional
replenishment foods consisting of a high fat source of 300 kcal and a micronutrient nourishment
mix on day 6 replenishment foods consisting of a high fat source of 300 kcal and a micronutrient

nourishment mix are provided in addition to normal diet.

12
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[0051] Although the FMD diet encompasses virtually any source of fat, sources high in
unsaturated fat, including monounsaturated and polyunsaturated fat sources, are particularly
useful (e.g., omega-3/6 essential fatty acids). Suitable examples of monounsaturated food
sources include, but are not limited to, peanut butter, olives, nuts (e.g., almonds, pecans,
pistachios, cashews), avocado, seeds (e.g., sesame), oils (e.g., olive, sesame, peanut, canola), etc.
Suitable examples of polyunsaturated food sources include, but are not limited to, walnuts, seeds
(e.g., pumpkin, sunflower), flaxseed, fish (e.g., salmon, tuna, mackerel), oils (e.g., safflower,
soybean, corn). The first diet also includes a component selected from the group consisting of
vegetable extracts, minerals, omega-3/6 essential fatty acids, and combinations thereof. In one
refinement, such a vegetable extract provides the equivalent of 5 recommended daily servings of
vegetables. Suitable sources for the vegetable extract include, but are not limited to, bokchoy,
kale, lettuce, asparagus, carrot, butternut squash, alfalfa, green peas, tomato, cabbage,
cauliflower, beets. Suitable sources for the omega-3/6 essential fatty acids include fish such as

salmon, tuna, mackerel, bluefish, swordfish, and the like.

[0052] In another variation, a method based on the administration of Metformin (N, N-
Dimethylimidodicarbonimidic diamide) to mimic the effects of fasting to reverse the
hyperglycemia-associated cytotoxic effects of chemotherapy and/or to potentiate/prolong the
effect of STS in reducing the tumor-progression when administered during the re-feeding period
is provided. The method includes a step of identifying a subject undergoing chemotherapy and
having hyperglycemia and/or being administered a hyperglycemia-inducing agent as set forth
above. Metformin is administered to the subject to reverse the cytotoxic effects. Metformin is
administered in a dosage range from 1 to 2.5 mg/day depending on the response of the patient to
the drug. The Metformin can be administered for 1 day, 1 to 5 days, 1 to 10 days, or 1 to 14 days
or more depending on the subject’s response. The In another variation, a method for treating
hyperglycemia or the negative effects of normo-glycemia in a subject undergoing chemotherapy
or another cancer therapy is provided. The method includes a step of identifying a subject
undergoing chemotherapy and being administered a hyperglycemia-inducing agent. Short-term
starvation or a fasting mimicking diet, or insulin is administered for a first time period to the
subject to prevent or reduce glucose levels and sensitize cancer cells to chemotherapy or other
cancer therapy. The details of this variation regarding the administration of short-term starvation

or a fasting mimicking diet are the same as those set forth above. During a re-feeding period, a
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normal diet is administered to the subject in between administration of the short-term starvation
or a fasting mimicking diet also as set forth above. Metformin is administered to the subject
during this re-feeding period. Metformin is administered in a dosage range from 1 to 2.5 mg/day
depending on the response of the patient to the drug. The Metformin can be administered for 1
day, 1 to 5 days, 1 to 10 days, or 1 to 14 days or more depending on the subject’s response. The
steps of administration of short-term starvation or a fasting mimicking diet and administering the
re-feeding period with Metformin administration is repeated is repeated a plurality of times at
predetermined intervals. As set forth above, in a refinement, these steps are repeated at intervals

from two weeks to 2 months.

[0053] In another embodiment, a method of replacing or enhancing the effect of the FMD
on cancer cell sensitization is provided. The method includes a step of identifying a subject
receiving chemotherapy or another cancer therapy. Metformin is then administered to the subject
by administering to the subject. In a refinement, Metformin is administered in a dosage range
from 1 to 2.5 mg/day depending on the response of the patient to the drug. The Metformin can be
administered for 1 day, 1 to 5 days, 1 to 10 days, 1 to 14 days or 1 to 60 days or more depending

on the subject’s response.

[0054] In another embodiment, a method of promoting differential stress is provided.
The method includes a step of identifying a subject with one or more of breast cancer, ovarian
cancer, colorectal cancer, melanoma, prostate cancer, cervical cancer, epidermoid carcinoma,
neuroblastoma, or any additional cancer type. Metformin is administered to the subject to reduce
glucose levels and promote differential stress sensitization to specifically kill cancer but not
normal cells. Metformin is administered in a dosage range from 1 to 2.5 mg/day depending on
the response of the patient to the drug. The Metformin can be administered for 1 day, 1 to 5 days,
1 to 10 days, 1 to 14 days, or 1 to 60 days or more depending on the subject’s response.

[0055] The following examples are intended to illustrate, but not to limit, the scope of the
invention. While such examples are typical of those that might be used, other procedures known
to those skilled in the art may alternatively be utilized. Indeed, those of ordinary skill in the art
can readily envision and produce further embodiments, based on the teachings herein, without

undue experimentation.
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[0056] The present invention has been tested in in vifro and in vivo murine models. STS
and FMD have also been tested in different clinical trials which have shown the safety and
feasibility of the two dietary interventions. FMD diet has shown to be as effective as STS in
evoking DSR.

[0057] Methods: Rapamycin  or Dexamethasone were daily administrated
intraperitoneally (ip) for a period of 14 days prior the beginning of Short term starvation (STS)
or fasting mimicking diet (FMD). The end of the dietary intervention coincided with the
administration of doxorubicin by intravenous injection. Mice in the insulin (ins) groups also
received insulin injection every 12h for the 48h preceding doxorubicin administration. The
animals were then being observed for sign of pain or distress for the following days and the

survival was recorded (Figure 1A, C, and D).

[0058] Metformin (50 mg/kg) was diluted in saline and administrated by intraperitoneal
(i.p.) injection. Circulating glucose levels were monitored following metformin administration

(Figure 1E).

[0059] Diet (mouse): Mice were maintained on irradiated TD.7912 rodent chow (Harlan
Teklad). In brief, this diet contains 3.TSkcal/g of digestible energy with calories supplied by
protein, carbohydrate and fat in a percent ratio of 25: 58: 17. Food was provided ad lib. On
average, mice in the control group consumed 14.9 kcal/day (or 3.9 g/day), Our experimental
FMD diet is based on a nutritional screen that identified ingredients allowing high nourishment
during periods of low calorie consumption (Brandhorst, Wei et al., 2013). Prior to supplying the
FMD diet, animals were transferred into fresh cages to avoid feeding on residual chow and
coprophagy. The FMD diet consists of two different components designated as day 1 diet and
day 2-4 diet that were fed in this order, respectively. The day 1 diet contains 1.88 kcal/g and was
designed to adapt the mouse to a period of low caloric intake during the subsequent feeding days.
The day 2-4 diet is identical on all feeding days and contains 0.36 kcal/g. The day 1 and days 2-4
diets were fed as the average intake (~4 g) of the ad [ib fed control group every two weeks. Due
to the different caloric densities of the supplied FMD diet, mice in this cohort had a ~50%
reduction in consumed calories on day 1 and consumed 9.7% of the control cohort on days 2 to

4. Mice consumed all the supplied food on each day of the FMD regimen and showed no signs of
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food aversion. After the end of the day 2-4 diet, we supplied TD.7912 chow ad [ib for 10 days
before starting another FMD cycle.

[0060] Diet (Human): The FMD will substitute the normal diet of a cancer patient for a
period of 5 to 21 days with a 17 day maximum for most patients (see below) with frequency to be
determined based on the frequency and efficacy of other treatments, with more frequent use
needed when other treatments are not effective in cancer treatment. The ability of the patient to
regain weight before the next cycle is initiated must also be considered, with patients with more
severe symptoms able to regain weight receiving the diet as frequently as the other treatments are
given and patients who are not regaining weight or are unable to undergo the full dietary period
being placed on the FMD only after they return to the normal weight (weight before treatment is
initiated but also BMI above 18). The FMD consists of ingredients which are Generally Regarded
As Safe (RGAS). Calories are consumed according to the subject's body weight. For day 1, total
calorie consumption is 4.5-7 calorie per pound (or 10-16 calorie per kilogram). The diet should
be at least 90% plant based. The day 1 diet should contain less than 30 g of sugars, less than 28 g
of plant based proteins, 20-30 grams of plant based monounsaturated fats, 6-10 g of plant based
polyunsaturated fats and 2-12 g of plant based saturated fats. For days 2-21, total calorie
consumption is 3-5 calorie per pound (or 7-11 calorie per kilogram). The days 2-21 diet should
contain less than 20 g of sugars, less than 18 g of plant based proteins, 10-15 g of plant based
monounsaturated fats, 3-5 g of plant based polyunsaturated fats and 1-6 grams of plant based
saturated fats, 10-30 grams of glycerol diluted in 1 liter of water/day, based on body weight (10
grams for a 100 pound person, 20 grams for a 200 pound person and 30 grams for a 300 pound
person). Diet should also be high nourishment containing approximately 50% of the RDA (daily)
for vitamins, minerals + essential fatty acids. The minimum length will be 5 or 6 days and the

maximum length 21 days (based on safety data and standard of care practice at fasting clinics).

[0061] In vitro dose response of cancer cell lines to DXR: glucose restriction was applied
to cells 24 hours before and 24 hours during DXR treatment. Control groups were cultured in
DMEM supplemented with 2.0 g/L. glucose while the glucose restriction groups were cultured in

DMEM supplemented with 0.5 g/L glucose. Survival was determined by MTT reduction.
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[0062] Stress resistance - 12 weeks old female C57BL/6 mice were divided in the
following experimental groups; ad lib (ad libitum feeding), STS/FMD, DXR, STS/FMD + DXR.
In order to observe the response to every treatment in presence or not of rapamycin and
dexamethasone, each group was present as triplicate where one of the sets underwent rapamycin
treatment and one underwent dexamethasone treatment. The administration of rapamycin was
performed for a period of 14 days at the end of which a high dose of doxorubicin was
administrated iv (24 mg/kg/mouse). The administration of dexamethasone was performed for a
period of 14 days at the end of which a high dose of doxorubicin was administrated iv (24
mg/kg/mouse). The animals belonging to the STS + DXR groups were fed a very low calorie and
no protein FMD for 48h prior the injection of doxorubicin. Following doxorubicin injection the
animals were monitored every day and the survival was recorded (Figure 1A, B, and C). Mice
in the insulin (ins) groups also received insulin injection every 12h for the 48h preceding

doxorubicin administration.

[0063] It is observed that the administration of the kinase inhibitor rapamycin,
corticosteroid drugs such as dexamethasone and of other hyperglycemia-inducing drugs during
chemotherapy sensitizes mice to the drug leading to an increased mortality (Figure 1C and 1D).
In addition, the sensitization of the animals is positively associated with an increase of
circulating blood glucose (Figure 1B). However, when the glucose levels are reduced by either
STS, FMD, or the administration of insulin, this sensitizing effect is completely or partially
reversed, respectively (Figure 1B-D). The experiments show that administration of insulin,
STS, or FMD in combination with rapamycin and dexamethasone: a) offer a powerful tool to
reduce the hyperglycemic state induced by rapamycin and dexamethasone (Figure 1B) and b) to
reverse the toxic effects associated with the hyperglycemia induced by the two drugs (Figure 1C

and 1D).

[0064] While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms of the invention. Rather, the words used in the
specification are words of description rather than limitation, and it is understood that various
changes may be made without departing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be combined to form further

embodiments of the invention.
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WHAT IS CLAIMED IS:

1. A method for treating a hyperglycemia in a subject undergoing chemotherapy, the
method comprising;

a) identifying a subject undergoing chemotherapy and having hyperglycemia and/or
being administered a hyperglycemia-inducing agent; and

b) administering short-term starvation (STS), a fasting mimicking diet (FMD) or
insulin to the subject for a first time period to prevent or reverse hyperglycemia and sensitization

to chemotherapy associated with increased glucose levels.

2. The method of claim 1 wherein the hyperglycemia-inducing agent is selected
form the group consisting of rapamycin, steroid medications including dexamethasone, and

combinations thereof.

3. The method of claim 1 wherein short term starvation is administered for 48-140

hours prior to a round of chemotherapy and/or 4-56 hours following a round of chemotherapy.

4. The method of claim 1 wherein the FMD is administered for 48-140 hours prior to

a round of chemotherapy and/or 4-56 hours following a round of chemotherapy.

5. The method of claim 1 wherein step b) is repeated a plurality of times at

predetermined intervals.

6. The method of claim 5 wherein step b) is repeated at intervals from two weeks to
2 months.
7. The method of claim 6 wherein the subject is administered a normal diet in

between repetition of step b).

8. The method of claim 1 wherein the first time period is from 3 to 10 days.

9. The method of claim 1 wherein the hyperglycemia-inducing agent is rapamycin.
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10. The method of claim 1 wherein the hyperglycemia-inducing agent is a steroid
medication.

11. The method of claim 1 wherein the hyperglycemia-inducing agent is
dexamethasone.

12. A method for treating a hyperglycemia in a subject undergoing chemotherapy, the
method comprising;

a) identifying a subject undergoing chemotherapy and having hyperglycemia and/or
being administered a hyperglycemia-inducing agent; and

b) administering Metformin to subject to mimic effects of fasting.

13. The method of claim 12 wherein the hyperglycemia-inducing agent is selected
form the group consisting of rapamycin, steroid medications including dexamethasone, and

combinations thereof.

14. The method of claim 12 wherein the Metformin is administered at a dose of 1 to
2.5 mg/day.
15. A method for treating a hyperglycemia in a subject undergoing chemotherapy or

other cancer therapy, the method comprising:

a) identifying a subject undergoing chemotherapy and having hyperglycemia and/or
being administered a hyperglycemia-inducing agent;

b) administering short-term starvation (STS), a fasting mimicking diet (FMD) or
insulin to the subject for a first time period to prevent or reverse hyperglycemia and sensitization
to chemotherapy associated with increased glucose levels; and

c) administering a normal diet to the subject after step b).
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16. The method of claim 15 wherein the hyperglycemia-inducing agent is selected
form the group consisting of rapamycin, steroid medications including dexamethasone, and

combinations thereof.

17. The method of claim 15 wherein steps b) and c¢) is repeated a plurality of times at

predetermined intervals.

18. The method of claim 17 wherein steps b) and ¢) is repeated at intervals from two

weeks to 2 months.

19. The method of claim 15 wherein the first time period is from 3 to 10 days.

20. A method of replacing or enhancing an effect of a fasting mimicking diet on cancer
cell sensitization, by administering metformin to patients receiving chemotherapy or another

cancer therapy.

21. A method where metformin is administered in combination with breast cancer,
ovarian cancer, colorectal cancer, melanoma, prostate cancer, cervical cancer, epidermoid
carcinoma, neuroblastoma, or any additional cancer type in order to reduce glucose levels and

promote differential stress sensitization to specifically kill cancer but not normal cells.
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KAR - th AT RE- O 1E 3 A0 A B &R

[o011] PR, 75 E 40 T AR YT U7 58 - (1) sl S5 A0 v A P ) 4l 8 24 D AR SR P B A S A
Fe (1) W] RALESTS Fl 332 18] ) P MR 6™ S 1A) 4 oy o A0 10 38 2 B /KT , B85 AXS TS /FMD It e
24 0 BB

LZRAR
[0012] Ak B I an R 77 g o 17 A HORI — A2 AN e, 18 2 /b — M g
ﬁﬁ%%ﬁﬁ%ﬁwﬁﬁﬁmﬁﬁmﬁm;ﬁ%%%mﬁﬁﬁ%ﬁmﬁ%ﬁﬁgﬁﬁ%@
15 550 IEAE 28 AT FNeh T i PR 75 5 700 1 52 108 00 20 B8 o 78 28 — I8 TR) BV R LR L 25
ﬁﬁm%@j%%%%%xﬁ%u%wm%%%m%%u&%%%%%m¥%%m%%
1 IT IR
[0013] %% BH I 25 P st 77 = oak A2 B 97 A7 BRER , T e R mT DLIE G B4 45 T B iE
B 2 AT B 25 1) b ZE K AR TS AL . U R 1 (BIIBZREI10) , 45 THEZE KA M M &R
(1B 1D) SR 97 497 AH IS BIAE FH AT LA S B sh P A7 B R Bos i (B 1BZ2 K]
1D) , 25 7 Jik B 2 AR ARG HE/INER LA L 28 [T Rapa flDe xa ¥ J7 1 B4 B 4G 2441 2 B 7K1, a] LA
T B o 22 2R N LAt AT 24 W B o DR DR B R R M ZE KA T2 TR T N SR I
Jo , IR He 2k BT B3 1 2 A MR A IS By PR R AR A I = L
[0014] Ay = R SUNIAE B ARG 34 260 B 7K1 (B LE) A1 B IRFRATTE & B R PKAME 515 &
S I AMPK HH AR B, — W SN ELAS RS TSI 25 W i e , AR (1) 24 7E - F- IR & 1 )
Y5 T, 8k AR T AR 2K T FIPKA, AT 1) 5 e IR RE AH O R AR B B R4 L A &%
(11) [F)FF I8 A A T % 0% AIAMPK - PKAME 5 4% 5, o/ 18K STSAE ek 2 fifyeg 32 e o 1
FH o DR b, — AR SO w] DA 3 3ok o A 80 267 B 7K P FUE FH T PRAMS 5 4% 5 0 8 ok (2 it 22 S iE it
PRI 2 S i 38 BURK, tnRaffaghello®E A, PNAS. 2008 ;PMID: 18378900L) fLeeZE A . Sci
Trans1Med.2012;PMID: 223238201 firik .
[0015] £ 5 —Fhaleta 7y U, SR 4t 7 B A b ol 25 S 150405 i & (FMD) X e 48 AR AUk (1) 4R
R T715: o 207 5036 28 4 32 A7 B0 — Mo e VR T I 32 i P IR R Gl 45 T %2
RE W NS T 523
[0016]  7£ 55— it 7 =0, SR 4t 1 (2 b 22 S B 190 7 ¥ o 2 7 VR B R S 0 BB AL
W%F & B e e 3R R A IR S B 3R SRR L 8 BR 2 PR R B A AT A
i IR ) — il 22 PP B2 AR o R OBUNRER 17 52 6 3 SR B AR 280 B 7K T 2 22 e
T FBURS DA RS S5 s 1% 19 9 &0 B T AS %495 16 5 4 o

F 15 RR

[0017] P& 1A 1B 1C IDFNLE JE 3 & B /K P 38 A 548 XM T7 B BUK 45 T 5 0 25
% (Rapa) B ZE KA (Dexa) (A) T 20050 38 W J 15 2 PRAR I A & MR KPR 36, B2 s 2
H 47 STSFE AR (B) 1781 47 B8 /K P 1 3 . BH 1) B2 5 R B 25 2H 5 Bl = (AL) AR LG 2 35 1 %%
S 55 N 6T RRAF LG 19 42 2 1% 6 81 527K (RIRapatins fiDexa+ins ERAE 812 8 5AL+ins
FHEL B2 2 1) o - CAND A A s (1) Bl ae o s 56, B A% IR AFR BT s 1 41 RI3EAT - ZEDXRYE
W2 R (BEOR) SRR PN VE S48 T8 W0 85 R AL 28K Fa 14K L fE4S T 24mg /keg DXRZ J& » 103K

4
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W MZE T2 75 G RNAF 15 B 34 (CFAD) o CAIDH iR 35 I STSHH it = 2H Al B +ins 2 L =4
I HAE IR B b B A E MR . (B) AR P V59 50mg /g — B SRR /IS B ) I8 7K 1 Ot /N
BRLVE S 2h7K) o FEAT B8 R ZXANOVAKG 56 , p{f <0 . 051K 2 S\ A 2 B 1 (pfE<0.05.0.01 40
0.001 55 5l Pk ok Fllskot K 7R)

[0018] P2 8] 7 4 PR 1) X O AN [5] 1) /0N B RN N 288 968 11t 28 RO DXREBUBSME R /E FH . FEANTE T
2. 0g /L7 %) % (1) DMEM 1 35 356 BREH., T AE b 78 1 0. 5g/ L7 % Hif XY DMEM Hh 355 57 7] 2 i FIR o1
o 3B I MT TR J5 R A 78 A7 05 R o MR R 4 i 2200 - 4T1 UM R AL B16 UNR B R
J&) \GL26 (/MR APER IR i) C42B (N HT A i) WMCF-7 O\ FLIR ) \HeLa (N B 3 A431
(NR B FESE) JACN CA\APZE BEZN ) FIMZ2-MEL (N BB 2 9H) «

[0019]  FR1.Z2EHUjEE WD) IR MEBE R RS E

B A

[0020]  ERAENGVELN S 25 A B H FTA 58 19 28 6 - S it 7 SR 7 7k B ATTAL AR T S ik kB
N B A C A A B ) s 77 K B B A — 8 2 AR LU o SR, BB AR 2, BT A HF )
SE it 5 AN AT LA DL 2 HL ] 3k T8 20 S A0 A & BH B 7= 491 o [ERL I, 4R ST JF () 45 7 404
AN R AFRE B ] 5 T AN AR AR e B AT 2207 Th AR MR Al A/ BB R AR S B RN 01 2 77
T ) FA A BH AR A Al

[0021] B [ FEX LS rh , 58 55 A R BRI 2 A, AR IR v B s 1 ) 2 8RO N 2%
01/ B P s ) 5 I B D e S AR e B e i S R (1) 1] 9 47 SRAZ A o Bl i A PR ) Y
F18) S e B A DI Y o 1T L S BR A B AE S U B = | 23 B U 850 FHEG AR DA 2 1) 5 5
THAR KA RS € B &G Bk i) — 48— R B0 F I8 Wk & B 21 5 B
T AR R AN BCE 2 ARG 2 R S50E A B IR B s A2 R TE Hh oG 2 B R IR R FR AE
Nz R e R AR Ay, — BIRAG H A DIRHERR A 45 2 [ 1L 2
FEAE B PR S s ARG 5 1 8 R SUE AT A SR A Bl i A R 46 5 1048 T, id
FH 5% e 905 SR 4 55 1) 1R 85 VA AR A ) D EEAZ K UL, B AR B B AE S 156 B 4 Jo 1)
e 8 S0 [E — 1 BUET S 25 AR R B AR SR B E )

[0022] 3 8 AR ) A , AR BHANBR T LA F5 A 1 B AR St 77 2URI 7325, RN RE e 4H 45 Fi/
YA 2R AT CLARAL o i HL 5 AR SO A I ARG AN HS T 40 A R B 1) 4 e St 5 =01 B A8
F AN s B DA = 07 PR il

[0023] & AZ0TYE B A2 , W AE 1 BA 5 A0 B B ASCRI 223k A b B fs I, 80 X “— A4/ —
B (“a”) 7 AN/ —Fh (“an”) " FTCBTIA (“the”) " BIEE R, BrAE B ST A A
B 5140, 32 S B AU A B AR LR 2 Rl 4 o

[0024] BRI ZFACHIIE , 24 5] F H RIS , 3% 28 AR P A JF A A4 ks i 51 & SO AR
1 1 DA BE 78 73 M I8 A< B BT & B B AR RS

[0025] 4iE.

[0026]  “AL” &= B EPEE .

[0027]  “FMD” 2 $5 2% B ) 12

[0028]  “STS” & 4B JH ALK

[0029]  “DSR” &% % R i fitk
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[0030]  “DSS” A& 45 22 57 Wi B

[0031]  “DXR” &M 2.

[0032]  “Rapa” ZFETEME

[0033]  “Dexa” f&FEHHZEK A

[0034]  “ins” RARIES K.

[0035]  “AMPK” /2455 AMPYE X, 2K [ Wik

[0036]  “ip” EFEPEIEEA .

[0037]  RiE“FK” (keal) A“KK”IBHI £ B R iKH .

[0038] Rl “R”IBMIAFTEN /MR E.

[0039]  RiE“SZ2i#H7 28 NRBE) , BT A Fshdy , 6 an R KK (Rl i s
P RN AR 0GB (s RECR R IR L SE O TR
[0040]  RifE “FAE R AR X PR, B A 32 30 TR AL DU R AL FIE 2R & i 51 ke
00 77 A5 8 4 B B4 L TGP - 1R TGEBP 1 AR AL AH BE W5 $2 {1 8 7= AN A YLk S5 /ML P 7 3R il
(PR il = 2 L B B

[0041]  7E—Ahaita 77 =0, 348 T TR I7 & AT 10 2R3 10 I 1) T ¥k - T
AN IELES T TT F 25 T 5 MUMEAE 75 5 700 00 52 603 o 75 28 — B 1) B o BTk L 2%
A I £ (FMD) BRJBE 5 2545 T 32 68 DA Ty B0 7 vy IR AE DA 56 5 %6 260 R 7K P4 =i A
R ARIT ) BBUR  AE A St 7 SR R SR, TR R IR A B i e I e I A R
A AT RENE . — MR UL, FMDRE & H #2410 T 291000F %, M STSTESS T B ARk B
FECSCE A v IR RE 175 5 771 A 5t 00 1) 7 IR o S I I o =y TR 15 3 70 1Y) L A S 4] L 4
TR 2R R B 259 (B G FEORIASE) S & ARt b, 0 BT LR B A% B 07 i £ LA
oL P 1) o B A2 22 O A, R AL PR A S A0 I ] A LA R 2P A AR TR RR SR A .
BT HY , fEIX L E AT 2 6] ) 32 E 28 T IE R R R (P ) fEix bR 30, IER e 2
ARVVERF BE AR ENRERAN KRG AACSUET, IEE R RERA R Z A E R MAE15002
2500kcalm 18004 2300kcal 518004 2000kcal »

[0042]  STST7 SMSEHI WL F 2512/430,058 5 FIZE13/488, 5905 3 [E & F B i 5 H 43
AFFN BB 5] I AEAETE o, STSIE B He K R i Lo R g B E & s & f
TRENE AN AR E IRALE FR A I $E A8 813~95Tkcal (540, A#EE 700,500,300
100kcal, Bi0kcal) (] EAE & DL K A BT 30~60g (540, A #3420, 10855g , 540g) & A Fi i
& B a0 S E S MR AE ARG B, B AT — I R AR K L & TR
e, 7E 520 R R TALIT R0, STS/FMDRE & T LUE S5 T 32 i #H 3~ 10K . AT AR 72
25 KGN T AR 24/ AR IR Z R B T LIRS B T T ISR T
ZIRE3I~10K, H HAERTE Z G4 T 24/ i .

[0043]  7E 7 —Fp AT H, STSHE 148 7= R i B H ke 2 i E A IR A T 1 1kcal
(il an, A It 858 2kcal , BiO0kcal) RER , LA K B H Bikg BB AR B FE (AN L0 4g (]
i, AEIE0.3.0.28%0. 1g, 80g) &5 1 i - WA & R AAFEROK G, AB- A AN IS — 1)
Re AR KA P o 78— sl 7y S0, i 5 B R 3 it H AL 700keal (51141600
4008200kcal , Bi0kcal) e & o 2952 2 5% THIT I, S ER N 1 I8 4052 2R
1T 77 5 40 B s A AN 52 DR A o FE 52T 2 % TATT 1T, STS/FMDJE & v LU 2L 4 T A\ 8k

6
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B3 ~10K AAT LATE R TR 2 J5 , ¥z B 25 T 52 i\ 24/ ) ARk, 1% & mT LAAE 323K
HRTETWIT ZATESEL TR EI~ 10K, I HAERREZ G4 T 24/ .

[0044]  7E 7 —FpARTEH , STS/FMD 5 3 Je B B WA75 I 4% o 49t , S8 R i 1) 32 603 AT LA
TE— 5T 2 I A 48~ 140/ BRAEALIT JE 25 4~ 56/ o LI b , 76— 50 A0 y7 Z i In)
B REIE M) S F FEHEFMD 48~ 140/hi), I HAEAST IS FRALFMD 4 ~56/)Mi

[0045]  FMDJRE £ () S W, T 55 140604945 A1 55141789535 25 [F 4 F| B i DL 2 55W02011/
050302 5WIPOA JT F1EEW02011/050302 5 WIPOA T 3 He 4 #f A TF P 25l i 51 AR IF N
SR, FEFMD T S b, 521 IR R B e A T e B R 2 (BPBR) o FE I 3, 2l TH AR
KA T AR 2 E B IR A E (P Fa B EBM I 7E18 . 5~25) , ZRE B IERT 3 A
BN HHFE— IR GHFRZRE &5 K, HFEIE W &25~26K) , 2 J5 534~ HiHFE— Ik (B34
H5KR) AETHFERE & W], FETF UG T — 50 2 7, MR 52 3 AR, 5233 0 20 Pk 52 4k 2 43
K2 095% o« BMI/NT18. 51 52 3 AN NAZ HEATEMD , Bt I = T4 3 A B o v] AR FHAH ]
77 % GAN A &8 H—Ik, 2 Ja 8340 H—) F 1897 BCRRGYT £ LR R iE e (it
T ARt 55141789535 H LR ISR AL TRE A R AR FMDEE & .

[0046]  fE—FpARTEH, 5512/430, 0585 3% [B L F H1 15 H 42t FIFMD FH T~ 3R i 7539 o 1%
BRI LR HEKEE R RMNMES IR R 0E Fobns AR Y88 3 10 44 51 W FE -~ %
B R R EFEENEIRER.5~TF @&ETFw10~161K) , F2E5KEH3~5-F (3
TR ~11R) K122 14452 T NEE IR B HESRITE FRRINGHE bR T REEFREREL
AN, B RAZIE S LR S H DT 30k, fEB2 B RS H D T20gh B RAZE SRS H D
T28gHEH I, EF 2R R A /DT 18gHH i i & BAZAE S 1R A 20~ 30g A A i
97, FE 2 25 R & 10~ 1 5g AN T o 6 6 MAZAE S LR & A 6 ~10g 2 AN AR , 78
F2RE5REH3I~5gZ AMFNENT B & MAZIEH LR G A DT 12 MAMNENT  fEE 285K
B />T6g RN o SR, 7E 48R JUR AR I HE WG >k B BL R 4G A0 VRN MR 2R L L
Bk BB A8 ek O Yo RS R o ZE SO R, 7R A J LR Hh , FMD R & B35 B i 50 96 1 4
HEEEN RS LT4E fEid— D sud b, sk a4 4248 H KT 15g. /52
5K, EENIZAH S A 12~ 15gH . EdcstH, DL H AR A 0. gt H i

[0047]  FEck it FMDEFELL FEE R R (BD5% A EMEMEEFRR) G HEIIES,
000TURI A A GE1R5R) 8 H60~240mg4E A= 2C (31 E5K) 3 5 H400~800mg45 (451
£5K) s BEHT.2~14. 4mg8k GE125K) ;5 H200~400mg®E GE125K) ;& H1~2mgfi (38
1&E5KR) ;FH1~2mgkf CELESKR) ;£ H3.5~Tmghli GE1E5R) ;£ H2~4mg4i 4 ZB1 (56
125K) ;8 H2~4mg4E A ZB2 GE1R5R) s B H20~30mg4E A B3 GE1&R5R) s B H 1~
1.5mg4E = ZB5 GE185K) s B H2~4mg4E A 2B6 (G 1£5K) ;s & H240~480mg4E 4= 2 B9
(3F1E5K) ;B H600~10001U4EERD 1 E5K) ;& H14~30mg4i L RE GE1E5K) &
HiE I 80mg4E A 2K BB 125K) s FEREAN SR IR HE 1 16 ~25mg 4 A= 2 B12 ; 7E 5 AN 5K (]
FAE600mg —+ BENHEER (DHA, K #25) DGR F B M KRR S MEE R RS
&2 (B R T-50wt %) « Bk RARRIFELHE : ok H e VR AR R AT B 220
i N ORGSR SR A R H IE SRR L B A R VAR A B2 (B
fi&) EHSE ARG I P H U B A AR 2 B AT BT SR BB B R N
TR R 5 T A DL A A R IR TEMDIRE & b T DURR L S4TSR R
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AT SEA -
[0048] F1.WMEEFRRIAY
[0049]
. " L 5
AMEA 2F X ¥ p £
U
A KA | | 11250 TU 900-1600
mg
$AXC RIARLBK CeHgOs 15.0000 10-20
mg
Ca BHBRAS CaCOs 80.0000 60-100
mg
Fe  ®hLBEH | C4H,FeO, 4.5000 3-6
ng
$44D3 fed5® | CyHyO 0.0025 0.001-0.005
dl-a- me
prgp EABLEE CyoHs0, 5.0000 37 i
' mg
A KK HBHTRER 0.0200 0.1-0.04
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[0050]
T -
#A KBl BRI C12H17Ns0,4S i 0.3750 Q.IS-O.S
mg
ﬁii‘mg ﬁi‘#Blﬂl C,7H»0N406 0.4250 0206 i
| mg
#A%B3 Mk 0 CHNO 150000  i3-7 i
&itBS ﬁ.&ﬂ C18H32C3N201[] 2.5000 1.5-40
mg
A KB HBOLSH CgH\NO; - HCI  © 0.5000 0.3-0.7
mg
#AKXBT AHEk CioHisN2058 0.0150 0.01-002
i mg
$AEBY tR _ CHpN,Og 01000 10.07-0.14
wAE | mg
B12 Rasm: Ce3HgsCoNO P ¢ 0.0015 . 0.001-0.002 ¢
mg
Cr WK TR Cr(C6HANO2)3  : 0.0174 0.014-0022 i
mg
Cu HLE4R 1 CuSO4 0.2500 0.18-0.32
| mg
I ety KL 0.0375 . 003-0045
i mg
Mg Fiv4d MgO __ 26.0000 20-32
| mg
Mn | BLBR4E MnSO, §0.5000 1 0.3-0.7 :
| . mg
Mo L S - Na,MoO,4 . 0.0188 0.014-0.023
3 mg
Se ol AR NaOsSe 0.0175 ! 0.014-0023
Zn LA : ZnO £ 3.7500 { 3-5

[0051]  7F 5 —Fpsii /7 s0rp , $2 4L 7 —Fp A T st R kR g e S e Ak
TEFE—NEEE TZAEMNE—EENE—ERS, ZE RS LR N2 AE
Pefta . 5~7T R, L2825 R H NG R E IR ~5T R ZE SO a I I rlls
TEEBLRIEHE D T-30gHE s 7E 2R 5 RFE ML D T-20g B s 7E S LR IR ML D T-28g B 1 T s fE 22 2
SRAEML DT 18g it s 7E S LR A2 L 20~ 30g B AR T s FESE2 B R4 AL 10~ 15g A
VAR T s 7E 5 1 R IR L6~ 10g Z B AN T s 7E 52 R 5 RIRAE3~Bg Z B AN T s fE 51
RIEME DT 12g MR T s 7R 28 2 B 5 R A2t F6g M R I s LL KR FE S22 5 K A H #gfik 12~
25g H . FECEE T, B Gt — DA dE R DR LIRS R RIS AR — P sut T,
RS R AL T AL IR T 4B B T .

[0052]  #F bk st 5 A el rh , B A i 5 R HE R AL EE 3/ 37 BRUORLE L IR SR AR 78
MW FATREE:1) fEH 1R, 324E1000~1200kcal [EEH FIRM EMEE R EEH N2
TERE T RI4AR , F2 1650 ~800kcal i) &E H i & I E 2460~ 120kcal i35 i % b & AUk
TRICRL
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[0053] 7% ik st 7 S 55— Fhekdk b, 6 RAREE A & 7 REFE 1%/ W7 RUCRE 1
BRI W R TRER D) FEE LR, $2451000~1200kcal & 5 i 8 FR R E 7
i s 2) TEEE R RAI3R, 24D T-200kcal FI4E H i & N L3460 ~120kcal (1) 7 i %) fl &
PRV R ICRE o 12 B AR BRI AS B2 M 25 o -4 B A (1) 5200 5 3) 7E 55K, 2R 3 W HE IE 3
B s DA S d) FEER6K B 1 IE W G & 2 b, $E 4t 1 300kcal (1 & AR W IR AR B 7R 25 9% i
RGBT FAMIAN T

[0054]  7E S 5 — R, R T RER 6 RIKE AR ML, B35 12/ R iz AR
IR ELEE RN M. 1) ZEAE LR, 341000~ 1200kcal B S B B FE BB Fe b 2) R4 T
K3R, HEH600~800kcal M fE H I &, KA &H /DT 10gE A BAKA R HE DT
200kcal ;3) TEEEH R, 2 W FE I I & 5 DL &) 7EER6 K, bR T IEH R & 2 4, e fit i
300kcal ] ey i W7 P A B8 75 35 8 97 TR G VAL U SR A AR TR 6

[0055] & AREMDRE & J LT & AT A] Hi s SR U5 » /B B AN b AR 7 >R J05 A0 22 AN AR g s ok
PR AN RN i v B SRR 2 TR A B (B, » -3/6 6T AR ITIR) « SR AN AN & Y05 IR
A IE  SE L FE AN PR T A2 3 VBN IR R (A= Bk O B VIR (S AL R T
(N2 R i NS < 22 R A6 R ) 45 o 2 AR I YR 1 4538 1 2 45140 35 AE AR TR
FAZHk Bl (B RS N m) H 2% P RRFF S (B ik fa et S ) Jh (Bl e K
T EK) R AR H AR YR o -3/600 75 RE IR M HL 40 A 4 R
L 53 o AE— Pt b X R B SR HU Rt 1 540 B H HE R B B B SN )« B SR A
BB A& B R IR AR EAR T G TR 58 A A N R N 818 T
T PHLLA A0S AR B S . 0 —3/6.00 7 M I BRI A & I SR R 3 £, Gnfik £ L A
frr s fa  Bhfa (bluefish) | & 4%

[0056]  7E 57— R AR, SR 4L T ST 7E MR S R 45 T I, 45 XN (N N- - F R0
IR RO I ) DA 28 2 R R e AT 1 5 vy TR IE A DG %) 4 B B8 1A FH A/
B IN5E,/ SE K STSTE B AR g 128 2 v (K 4 R IR 7 v o Z 7 iR L3S I iR 7 IEAE & itkyr
A v IR AN/ BX2E T o IURRRE 755 77 0 32 303 12D 3R — XU, T 32 33 DA
O PR VA P AR B 25 M i S LA 1 ~2 . Bmg/ H R 7B TS 28 7 — W UMK A BAAR
P32 R e S s T UL R 1 ES RO EIORB B 14K E £ A8 — A, 12
ft 7 HTIRIT IEAE S DA y7 B A R V6 97 149 5260 38 140 v IR B¢ I A I 74 (1% 47 T A
() 75925 o 12 7 1 B HE S 0 IEAE 8 oAk T Fl it FH 1 v IR 755 700 00 52 6K 3 1 2D 3R AR 5 — B
() B i Lk il 2 A 8477 e 4 il i 5 2R 4 1 2 A 3 DA TR oA 1 8 467 W /K 1 DA% A6 o
ST 5 A 7 Bl At e RE VA T BBURS L 5 T4 T A LR AR S T IR S I Z AR T R AT S
A ) A LS [R] o 76 P MR B A, AR 2 T i b BT IR A R L PR B A A 14 Jh 2 TADHs I
B 2h T 52 N o 7R I & TR — H OIS T 52 603 o AR A0 28 3 X 25 4 1 o 2 DL 1~
2.5mg/ H 877 236 Bl 25 7 = FOSUI . AT DAAR 4 52 103 i B 45 — XU R V1 285k 12
10K 81 & 14K BE £ . DLTIE Y 18] B8 22 X B 2 25 T R S LRl 2% B B0 i 8 AN 7E - XL
s T JA R 45 T A P IR a0 BRI, fECodE o, L2 I ZR 2 F I ()R B A X D I
[0057]  7E S —Fhaiita 7 sCH , S A 1 = ARG S FMDX e 200 Pt SRR 9 FH 04 92 o 2% 7 ¥
BFE 5 B IETE B 2 AT 80 53— PR IE VR T IR 2 B D 1R AR S5 B 45 T 32 W 1 32 i
25T H BN o 7 5t A, AR A AR 3 X 2 i B DL 1~ 2 . Bmg/ H BRI VE L 45 T H W

10
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e BT AR 4 32 3038 ) B2 T —H XUIMLR VI ZB5 RV R 10K AR 14K Z60REE X .
[0058]  7F 5 — ity U, SR A 1 (2t 22 S 0 19 T v o i T VA LR S 0 R AL
G B 5 i B L SR 2R L BT P IR B B 3R PR | AR RE 2 O R AT A LA e
JiE A () — el 22 R 52 A 1 2 BR W SIS 1 52 DA RS ATC A 4 b K 1 (2 gk
72 S 1B 28 R R e S b SR 4% i 4 T T AN R 497 T S 4 PR o AR R R R 24 1 1 e B A 1~
2.5mg/ H B 77 236 Bl 25 7 = FOSUIT . AT DAAR 4 52 13 i B 45 1 —HI XU R V1 285k V12
10K IE14 R E60REFE %,

[0059] DL S 451 5 A5 1 B 1 AR il A% i BH (1) 3 6] o B SR 33K 12 S it 451 o1 FH ) S A2 g i
R, AT DART e R ARG AR N R E A BT 5 b R T AT fEA TR
ot BESCES S LR, ARSI I RO N 53 AT 45 B AR I 7 AR g P ) S T 3K

[0060] LR AEAARSI AR P R A 1 AR B o STSAHFMD, ) 28 76 AN [R] 1 1l R i B
MR, HR 7R 7 P RR RS & T T 2 4 1% A1 eT 4T 14 . FMDIRE & & /s fEML 2 DSR_E 5 STS— - f
o

[0061]  J5idk: FEAG VLR (STS) BRZE G #50)7 i & (FMD) a6 2w, & HIEE N (ip) 45 T/
125 2% B FE KA 1A R [P I [R) o 72 i B T T SRB , TR e i 0 Kk PN 1 S 45 TRl B 2R« i
2 (ins) HH /MR AELS TO 555 2 BB BE 1 2/NN 252 1 5 2 ) 3R 48/ N AR JE 72 2 5
() JLR M S IR B AL T I R, 0 SR A-E % (B 1AL LCFIE D) o

[0062]  FHER /KA — H XN (50mg/kg) FHIEE IEIE AN (1. p.) VES 424 . fE45 T = FH XUIK
J B DA A 4 b K P (BILE) «

[0063]  JiEfr (VNER) : DAARIATD. 79125 525 &Y (Harlan Teklad) 35/ . s 2, i
BEES.TI5T R/ e BEAHEA K S AR T EL25: 58 1TH H 7 A2 AL R %
B 2 THAGRE B B =R A B 6 BB R /N R P B8 RE 14 9keal /H (883.9g/H) ,3RAT]
(1) S B8 FMDJRE £ 55 178 FR0R 21 , 18 75 0 7 721K 5 HL VHFE B 1) S5 08 o v i '8 78 IR BG40
(Brandhorst,Wei%§ A\ ,2013) o fEAL S FMDJE & Z BT , 14 B3 #% 228 28 1 b DL e & F Bk
B X W FN 6 25 FMDJRE £ B 38 52 N 28 1R IR 5 RN 56 2 8 AR R 1 1) P R AN [R) 4L 20 2L Bl » Bk
FRASR 2053 73 A DA e B o 55 1 R R 5 1. 88keal/ g IF H vt Ay /N B 7E B J5 1 R
I TA] 3 1A 3 AR 8 N (K I 30 o 555 24 K i 6 76 T A 1 M A I TR 2 AR R 1 A A
0.36kcal/g.&F F , 1 JEFHE SR B 0 TR I PR3N (~470) B SE LR FISE2-4 K IE B
FH A 2 R FMD TG B 1 AN [R] - i R %85 B, 8 SR BA 270 H 16 /0 BRPE 28 1 RV FE ) R i B /b ~
50% , I HAEF2E 4R WEAEXT BN FIAI9 . 7% o /NER FEFMD 5 28 1) 45— R W R 1 B & 1) 3t 1
BYIEHRA B IRERR A FE2RARBE RS R G, I8 55— DNFMD A 1/l , 3AlT
BE R HERITD. 791289, FF4E10K .

[0064]  fiEEr () :FMD< B A e B 5 1) IE 3 R 5 =21 R AR INFIR] , %o K 22 $ s sk 17
Ko i KNAE (WL F) 5 Hor i 2 358 5 HoAh VR 7 I 2R AT ORI 8 il va T o HoAth e 7
ANHEAE FHINS 55 22 S A St A o 7E SR 3 T —$8 2 /i AR IR AR EE I R ) b 2% g, Hodp
Be 0 R AR B I B A B P EORE R 1 AR, SRR HAR VR T — R B b R R, A K
2R AN R 48 ) 50 B I £ I A AR A AEARAT IR R IR AR L S R 3R YT L BT AR,
i1 ELBMI 55 -F-18) A2 FMD . FMD 23 1A %2 45 (RGAS) [ B 74 ik o R 418 52 18 2 1) 4 6 Y FE - i
BRI EHEEEAE.5~TFR BT w10~16F) & NMixe £ /090 % 1
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VIR G B URIE B NOZ & A D> T-30gh , /> T-28g YAt 1 , 20~ 30g B 44) FE FE AN 11
JE W » 6~ 10gH M FE 22 RN AN NG , UL K 2~ 12g i W 3L AN IR 7 o FE 5525821 °K , MR IR FL VY
FENFE3~5F (BB T ~11FK) H2E 21 RSN I%Z 54 > T20g88, /T 18g kM5
B, 10~ 15g Y A AIE T , 3~5g )2 2 A , 1 ~6g e 3L G I , AR
PR ERBET 11K/ H 100851 N 10g, 200851 A 20g , 300151 N 30g) H[110~30g H i - &
BB NZAE S A 2150 %RDA (B H) BI4E2E 2 9 SN 75 IR TR 1 8 72 o B DK FE
BB K , B KK R 21K Gk TAEZE B 1 TSR TT SEBR Y 22 4 0 Fs i)

(00651 4 4 i 22 % DXRIFI A4 Z1 75 &1 87 < ZEDXRYG ST RiT 247N FIDXRYATT $ 18] 1 24 /N, 5
B8] 25 R R ) e FH T 4B o FE AN FE 12 Og /L %) B (1) DMEMH 355 75 %) HR4H, i 7E#h 78 170 5g/L
71 73 W (1) DMEM A 355 577 21 0 BRI )4 3@ I MT T J5 R i 8 A7V 6

[0066]  WhpiE Hi M5 12 RIS HEPECHTBL/ 6 /R 20 B LA T SL B0 4 v B = (B =M FR) \STS/
FMD.DXR.STS/FMD+DXR« A | FEA7-1£ BUANATFE 5 1 85 25 A FE KA 1) 15 50 WL S0 &5 Fh 4k
PRI W N, B DA — R =R, b — 1A TR E R AT, A Pt FE KA FE L 7
VAR B N 45 F TR IR 2, 45 RN SRk N 45 7 s A B 8 = (B /R 24mg /kg) - TE 14
RIS (] P 25 T M ZEOK P , 25 SRS B Ik N 45 T = AR R BT 25 22 (B /R 24mg /kg) o FEVESS
R[5 32 < I, "R 7R 8 T-STS+DXRZL I B AR H IR < i LI HICE H BIFMD 48/ o 7E 73 5
B B 2 2 5, BRI, e FAAEF . (RIIAVEIBAIELC) 5 % (ins) P /MR
TELS TR B 2 AR 1 2/ NI B2 52 i B R S, FL48/ N

[0067]  WRER 2], 45 T Pk $00 1) 71) T AL 3%, B2 ol S ] ez 24 ) b ZE K DA B A7 B 1) 7
LA v IR RE 5 S 245 P il N RO 25 s T S Bt T R s i (B LCRIEILD) « S Ak,
U S G I IR 1R 35 0 2 TEAE G (B 1B) o SR T » 2443 s i STS , FMDERG 45 T Ji & 2 B4 1K 8 4
BT 3% R R 58 il 70 08 (RIIBEEID) 28 B T 5 A% R A 38K
FAZH A5 T I 5 25 W STSEFMD : &) AL 1 95k /> 75 A 25 25 FH Hb ZE K AR 75 1Y) v LB IR A
[R5 T B (B1B) , LA K b) Wi 1 55 b ax i R 24 4 15 5 00 /=0 IR A DG i 22 14 (B 1C
FMEILD) »

[0068]  EAAR LR T s 9P szt 77 20, 1H A2 AN ROk 1% B s it 7 AP IR T AR B 1)
B ml e B9 T2 o FH 5 150 B 15 0 {8 FH A4 108 D s 1 14 ) 1 R PR il 98 3, 9 EL %
AR 1R R AE AN IO 5 A B () K 43 AN BB R 3 0L T 0T DAEAT 8 PR AL o Sy A1, % o SIZ i g 52
Jiti 7 FRVRFAIE W] DL G5 G e SR T A i BRI 5 A ) i it 7 5K
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Abstract

& method for treating a hyperglycemia and hyperglycemia-dependent side effects in
a subject undergoing chemotherapy includes a step of identifying a subject
undergoing chemotherapy and being administered a hyperglycemia-inducing agent.
Short-term starvation or a fasting mimicking diet is administered for a first time
period to the subject to prevent hyperglycemia and sensitization to chemotherapy
associated with increased glucose levels. The $TS-mimicking drug Metformin is
administrated between STS/FMD cycles to maintain STS-/FMD-like conditions during

the re-feeding period.



