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METHOD FOR INDUCING TUMOR REGRESSION

TECHNICAL FIELD

This disclosure relates to methods for treating cancer in a subject (e.g., an animal such
as a human) in need thereof. In particular, the disclosure relates to methods for inducing

malignant tumor regression.

BACKGROUND

Photodynamic therapy (PDT) is a technique useful for the treatment of cancer, in
tumor-bearing organisms (e.g., animals including humans). PDT generally involves the
systemic administration of a light-absorbing compound (i.e., a photosensitizer) to a tumor-
bearing organism that sequesters within the tumor cell mass, followed by irradiation of the
photosensitizer-laden tumor mass with light of an appropriate wavelength (i.e., in the
therapeutic window of wavelengths between 600 to 700 nm, actinic light). This irradiation
transfers energy to the photosensitizer in a manner that causes its conversion into a
phototoxin (i.e., the excited state of the photosensitizer). The phototoxin is then able to
chemically interact with surrounding molecules and alter them, e.g., via oxidation-reduction
reactions or via the transfer of its energy to nearby oxygen, to generate singlet (excited state)
oxygen. In turn, the singlet oxygen transfers its energy to surrounding molecules, damaging
and/or degrading them. This damage from either of oxidation-reduction reactions or singlet
oxygen energy transfer reactions impairs cellular organization and/or function, and thus

reduces the viability of the (tumor) cell in which the phototoxin is present.

A particular class of photosensitizers, the benzophenoxazinium,
benzophenothiazinium, and benzophenoselenazinium dyes, and their
analogs/families/derivatives (collectively referred to as “BAs”™), possess several properties
that make them favorable for use as effective PDT photosensitizers. These properties include,
e.g., a positive delocalized charge, high efficiency for absorbing light with a wavelength >
600 nm (correlating with the light wavelengths in the “therapeutic window™), rapid
absorption within a tumor cell mass, and ability to directly kill tumor cells (instead of only
inflicting indirect damage, e.g., to the vasculature of and/or surrounding the tumor). See, e.g.,
Cincotta et al., PhotoChem PhotoBiol 46:751-758, 1987; Cincotta et al., Cancer Res 53:2571-
2580, 1993; Cincotta et al., Cancer Res 54:1249-1258, 1994; United States Patent 4,962,197,
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and United States Patent 5,952,329 for further description of BAs-additional examples of BA
dyes are described in US Patent 4,962.97, and all of the forgoing patents and references are

hereby incorporated herein by reference in their entirety.

Further, BAs can undergo specific reactions within tumor cells and normal cells
(including, e.g., different reactions within tumor versus normal cells) that influence their
ability to absorb light in the therapeutic window. BAs can exist in, and reversibly transition
between, an active cationic form (where they are able to absorb light in the therapeutic
window and thus induce phototoxin production) and a neutral or reduced inactive form
(where they are unable to absorb light in the therapeutic window). The main mechanisms
involved in the inactivation of the BAs (rendering them unable to absorb light in the
therapeutic window) are deprotonation based upon the pH of the environment (deprotonation
in basic environment) and/or reduction of the BAs (particularly in the presence of a low
oxygen concentration), induced for example by either cellular enzymatic processes,
biochemical processes, and/or light (e.g., prolonged exposure to high-intensity light). The
phototoxicity of the BAs also depends upon the intracellular location of the BAs, which is
also a function of (and influences) their redox or protonation state. Therefore, the reactivity of
the BAs to function as optimal PDT agents for cancer therapy depends upon their structure
and chemical state within the tumor cell as well as the cellular biochemical environment
within which they exist. For any given BA, a goal of PDT using these agents is to create a
local intracellular environment that potentiates the appropriate level of photoactive (cationic)
form of the BA at the time of photo-irradiation in a cellular location that most favorably
facilitates cell killing and ultimate tumor eradication. This mechanism of BA-PDT directed
tumor eradication may include and/or involve the appropriate stimulation of anti-tumor

immune responses.

But tumor eradication with BA-PDT also involves more than just the direct
photoactive reaction of light with the BA and resultant cell killing. Indeed, shortly following
aPDT “event” (defined as irradiation of the tumor mass following the administration of one
or more BAs), much of the tumor mass generally can remain intact and viable. However,
during the ensuing days following the BA-PDT, the tumor mass can shrink and on certain
occasions become completely resolved. This process involves the BA-PDT-initiated
activation of a complex, innate and adaptive immune response against BA-PDT-treated tumor

cells and, subsequently, tumor cells not directly affected by the BA-PDT. This immune-
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induced destruction of tumor cells is termed immunogenic cell death (See, e.g., Hendrzak-

Henion et al., PhotoChem PhotoBiol 69:575-582, 1999).

While the direct effect of BA-PDT combined with its indirect, long-term
immunogenic effect can produce reductions in tumor mass and may even result in tumor
eradication in certain cases, the rate of such eradications (complete tumor response) has been
and is generally both low and highly variable, both within a particular tumor type as well as
between different tumor types. BA-PDT induced rates of eradication of immunogenic tumors
can, e.g., vary from about 0% to about 40-60% within a given tumor type in a given species,.
Similarly, BA-PDT rates of eradication can vary between different tumor types in a given
species, e.g., again generally from about 0% to about 40%. Rates of eradication of non-
immunogenic tumors, although originally thought to be similar to that of immunogenic
tumors, upon further investigation have been found to be generally much lower if at all
however. This is a problem for effective treatment with BA-PDT in that many human tumor
types are generally non-immunogenic, defined as a tumor type that does not elicit a strong
immune response against the tumor that can potentially result in retardation or halt of tumor
growth or tumor eradication. Responses to such BA-PDT treatments vary depending upon
the method of presentation of the BA to the body (i.e., pharmacokinetics and
pharmacodynamics) as well as the whole body and tumor metabolic status at the time of BA-

PDT treatment.

Therefore, what is needed is a method providing a consistent and high eradication rate
or similar successful tumor treatment rate (i.e., long-term remission post-treatment, long-term
stasis post-treatment, reduced tumor growth rate post-treatment, or tumor free for a defined
extended period of time post-treatment) for the treatment of tumors, particularly non-

Immunogenic tumors.
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SUMMARY OF THE INVENTION

The present disclosure provides methods for treating cancer and/or inducing tumor
regression in animals (e.g., humans) using metabolism-altering method(s) in conjunction with

photodynamic therapy (e.g., PDT or BA-PDT)

The method includes the steps of increasing the metabolic activity level of a subject
having a malignant tumor, and more specifically metabolic activity of the tumor which
includes the host cells within the tumor mass. This tumor mass includes non-tumor cells.
These non-tumor cells include fibroblasts, immunocytes, and other cell types within the
subject. The metabolic activity of these cells is increased to a level above the basal metabolic
activity level of the tumor or the subject, a BA dye is administered to the subject, and
thereafter the tumor is exposed to actinic light for the BA dye. It is well established in the
scientific and medical literature that providing metabolic substrates (human body fuel such as
glucose, lipid, glutamine, amino acids) to an individual increases the metabolic activity of the
individual and presentation of such materials to tumor cells of an individual increases their
metabolic rate and enhances or promotes tumor growth, metastatic potential, and lethality and
that excess consumption of high energy sugar or fat fuels should be avoided when combating
cancer. Consequently, it is a general procedure to limit such fuels to the body and tumor to
inhibit its growth rate. However, it has now surprisingly been found that the efficacy of BA-
PDT therapy is significantly improved by increasing the metabolic activity level of a subject
to a level above the subject’s basal metabolic activity level prior to administration of BA-
PDT therapy. The method disclosed herein is contrary to and the opposite of this well-
established cause-effect relationship between increased level of fuel supply the body and the
tumor, and the increased degree of tumor growth. Thus the disclosed method increases high
energy fuel supply to the body, and the tumor (in conjunction with BA-PDT therapy) in order
to inhibit (not promote) tumor growth.

In one embodiment the method includes the steps of increasing the metabolic activity
level (e.g., rate of glucose, carbohydrate, lipid, amino acid, or protein production or
utilization [anabolism or catabolism] that consumes or generates energy) of a subject having

a malignant tumor to a level that is at least 10% above the basal metabolic activity level,
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administering a BA dye to the subject, and thereafter exposing the tumor to actinic light for

the BA dye.

In another embodiment the method includes the steps of increasing the metabolic
activity level (e.g., rate of glucose, carbohydrate, lipid, amino acid, or protein production or
utilization) of the tumor of a subject having a malignant tumor to a level that is at least 10%
above the basal metabolic activity level of the tumor of the subject, administering a BA dye

to the subject, and thereafter exposing the tumor to actinic light for the BA dye.

In another embodiment the method includes the steps of raising the subject’s plasma
glucose and/or glutamine level by more than 10% above the subjects basal glucose and/or
glutamine level, administering a BA dye to the subject, and thereafter exposing the tumor to

actinic light for the BA dye.

In another embodiment the method includes the steps of raising the subject’s plasma
glucose and/or glutamine level and plasma insulin level by more than 10% above the subjects
basal plasma glucose and/or glutamine level and plasma insulin level, administering a BA

dye to the subject, and thereafter exposing the tumor to actinic light for the BA dye.

In another embodiment, the method includes the step of increasing the plasma glucose

level of the subject by administering one or more hyperglycemic agents to the subject.

In another aspect, the method of treating a tumor includes the steps of increasing the
plasma level of ketone, lactate, lipid, glutamine, and/or free fatty acid (FFA) of a subject in
need of such treatment to a level above the basal ketone, lactate, lipid, glutamine, and/or free
fatty acid (FFA) plasma level, respectively with or without increasing the plasma insulin
level by at least 10% above basal level of the subject, administering at least one BA to the

subject, and thereafter exposing the tumor to actinic light for the BA.

In another embodiment, the method includes the steps of administering BA dyes to a
subject, comprising intravenously infusing into the subject a BA solution in a volume equal
to between about one-tenth and one-third of the total blood volume of the subject at a rate

that creates a plasma BA Tmax within about 360 minutes, preferably 240 minutes following
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termination of infusion, and a plasma level of less than about 50% of the Tmax level between

about 30-360 minutes, preferably about 30-240 minutes following the Tmax time.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Methods and materials are described herein for use in the present invention; other,
suitable methods and materials known in the art can also be used. The materials, methods,
and examples are illustrative only and not intended to be limiting. All publications, patent
applications, patents, sequences, database entries, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,

including definitions, will control.

Other features and advantages of the invention will be apparent from the following

detailed description, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a chart illustrating the in vivo anti-tumor effect of Hamster Pancreatic Cancer
Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 270mW~J/cm? at 5 hours after BA

infusion and sacrificed 28 days later.

Figure 2 is a chart illustrating the anti-tumor effect of in vivo Hamster Pancreatic Cancer
Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 270mW~J/cm? at 2.5 hours after BA

infusion treatment and sacrificed 7 days late

Figure 3 is a chart illustrating the anti-tumor effect of in vivo Hamster Pancreatic Cancer
Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 130 mW~™J/cm? at 5 hours after BA

infusion treatment and sacrificed 21 days later.

Figure 4 is a chart illustrating the anti-tumor effect of in vivo Hamster Pancreatic Cancer
Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 130mW~J/cm? at 5 hours after BA

infusion treatment and sacrificed 21 days later.
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Figure 5 is a chart illustrating the anti-tumor effect of in vivo Hamster Pancreatic Cancer
Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 130mW~J/cm? at 5 hours after BA

infusion treatment and sacrificed 21 days later.

Figure 6 is a chart a chart illustrating the anti-tumor effect of in vivo Hamster Pancreatic
Cancer Metabolic Modulation plus Neuroendocrine Resetting Therapy plus BA-PDT at
11.25 mg/kg at 130mW~J/cm? at 5 hours after BA infusion treatment and sacrificed 34 days

later.

DETAILED DESCRIPTION

As used herein, the terms “about™ and “approximately” are defined as being within
plus or minus (£) 10% of a given value or state, preferably within +5% of said value or state.

The terms “tumor™, “tumor mass, and “solid tumor,” as used herein, refer to an
abnormal tissue growth or mass (i.e., a neoplasm) comprising cells having one or more
mutations and supportive cells (e.g., non-cancerous stromal cells surrounding the mutated
cancer cells). Tumors can be, e.g., benign, in situ, and/or malignant. A “cancer,” as used
herein, refers to one or more malignant tumors. Tumor types treatable by the current
invention include tumors of endodermal, mesodermal, and ectodermal tissue origins and a
non-limiting list of treatable tumors includes tumors of the brain, colon, breast, pancreas,

lung, prostate, muscle, liver, lynphomas, and blood (e.g., leukemias).

The term “basal level” as used herein refers to the stable concentration of a test
substance following an overnight fast of the test substance e.g. glucose, glutamate, insulin, or
other humoral factors, in the subject’s plasma or measures of subject or tumor metabolic rate

or activity prior to treatment with the methods disclosed herein.

The terms “effective amount™ and “effective to treat,” as used herein, refer to an
amount or a concentration of one or more compounds or a pharmaceutical composition
described herein utilized for a period of time (including acute or chronic administration and
periodic or continuous administration) that is effective within the context of its administration

for causing an intended effect or physiological outcome (e.g., treatment of cancer).
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It has now surprisingly been found that the tumor eradication rate/treatment efficacy
of PDT can be significantly enhanced/increased by combining PDT (e.g., BA-PDT) with one
or more metabolism-altering techniques (i.e., methods that alter the metabolic state (increase
metabolic activity) of the tumor mass and optionally increase the metabolic activity of
distant normal tissue (e.g. increasing the subject’s metabolic activity) as described herein
below. When co-administered with PDT, the metabolism-altering methods disclosed herein
increase both the phototoxic and the immunogenic effectiveness of the BA-PDT (MetabBA-
PDT) and increases the anti-tumor effect. The method can be used to treat mammals
(including, e.g., animals and humans) in need of tumor treatment (reduction in or eradication

of tumor mass ).

The method comprises increasing the subject’s whole body metabolic activity and/or
tumor growth promoting metabolism (increasing, e.g., whole body or tumor glycolysis,
mitochondrial oxidative phosphorylation, and/or energy production and/or utilization for
subsequent anabolic and/or catabolic processes) by any of a variety of methods including
increasing the metabolic fuel supply to the body and/or tumor, followed by administration of
BA-PDT. This is a unique, counterintuitive approach to tumor/cancer treatment and
eradication inasmuch as one skilled in the art would be disposed against increasing metabolic
activity in cancer cells with nutrients that are well established to support their growth as a
means of destroying such cells. In fact, a general practice in oncology is to alter the nutrition
of the subject in a manner to reduce the sugar and lipid content of the diet in order to reduce
tumor metabolism and thereby retard tumor growth (i.e., to starve the tumor). Conversely,
however, in the context of the present treatment, an increase in tumor (cancer cell and
surrounding normal stromal cell microenvironment ) metabolic activity potentiates the
effectiveness of the subsequent BA-PDT to produce an interactive and robust destruction of
tumor tissue (i.e., a potent anti-tumor response). Increasing the metabolic activity of the or
tumor (with or without increasing the metabolic activity of the body), when combined with

BA-PDT, allows for an enhanced antitumor therapeutic effect-

For example, the method comprises increasing the subject’s basal plasma glucose
and/or glutamine level by any means (e.g., by at least 10, 15, 20, 25, 30, 35, 40, 45, or 50%)
above the basal level for a period of time, followed by administering BA-PDT treatment to
the subject (hereinafter the Glu-BA-PDT method). Moreover, the increased plasma glucose

and/or glutamine level can be present prior to, or concurrent with, the administration of one
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or more BAs or after the administration of one or more BAs and can extend up to (i.e., be
sustained at least until) a PDT event (photoirradiation) comprising exposure to an actinic
light source (which is generally administered at a time between 30 minutes to 24 hours after
BA administration). The time period during which the subject’s plasma glucose or glutamine
level is increased over the subject’s basal level of these constituents can start before
administration of the BAs (for example within 24 hours before) or later (i.e., after the BA has
been administered but before photoirradiation) and/or extend later (i.e., after
photoirradiation). For example, the subject’s plasma glucose or glutamine level can be
increased over the basal level of such constituents by any means (e.g., increased by at least
10, 15, 20, 25, 30, 35, 40, 45, or 50% above the basal level) starting at any time point
beginning at least at about 180 minutes before the administration of one or more BAs and
extending to the time of photoirradiation. For example, in one embodiment, the increased
plasma glucose or glutamine level can extend at least to (i.e., be sustained at least until) 180
minutes after the PDT event (exposure of the tumor to actinic light). For example, in some
embodiments, the subject’s plasma glucose or glutamine level can be increased by any means
(e.g., by atleast 10, 15, 20, 25, 30, 35, 40, 45, or 50%) above the basal level starting seven
days before the administration of one or more BAs and extending to (i.e., maintained at the
increased level until) 48 hours after photoirradiation. In other words, the window in which
the plasma glucose or glutamine level increase should be initiated begins about 7 days prior
to administration of the BA and extends until about 10 minutes prior to photoirradiation and
such increased level is maintained at least until photoirradiation. Preferably, the subject’s
plasma glucose and/ or glutamine level can be increased for a time period beginning between
about 24 hours before BA administration or photoirradiation and the increased metabolic
level maintained until at least the time of photoirradiation, and optionally maintained for

some time thereafter, e.g. up to 24 hours after photoirradiation.

Alternately or in addition, the method comprises increasing the plasma lactate, ketone
(e.g., alpha ketobutyrate), lipid, and/or free fatty acid (FFA) level of the subject by any means
(e.g.. by atleast 10, 15, 20, 25, 30, 35, 40, 45, or 50%) above the basal level for a period of
time followed by administering BA-PDT to the subject (hereinafter the FFA-BA-PDT
method). Moreover, the increased the plasma lactate, ketone (e.g., alpha ketobutyrate), lipid,
and/or free fatty acid (FFA) level can be initiated prior to, or concurrent with the
administration of one or more BAs or after the administration of one or more BAs, and can

extend up to (i.e., be sustained at least until) a PDT event comprising exposure to an actinic
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light source (which is generally administered at a time between 30 minutes to 24 hours after
BA administration). The time period during which the subject’s plasma lactate, ketone (e.g.,
alpha ketobutyrate), lipid, and/or free fatty acid (FFA) level is increased over the subject’s
basal level of these constituents can start much earlier before the administration of the BAs
(for example within 24 hours before) or later (i.e., after the BA has been administered but
before photoirradiation) and/or extend later (i.e., after photoirradiation). For example, in one
embodiment, the subject’s plasma lactate, ketone (e.g., alpha ketobutyrate), lipid, and/or free
fatty acid (FFA) level can be increased over the basal level of such constituents by any
means (e.g., increased by at least 10, 15, 20, 25, 30, 35, 40, 45, or 50%) above the basal level
starting at any time point beginning at least 120 minutes, and up to 24 hours, before the
administration of one or more BAs and such starting point extending up to 30 minutes before
the time of photoirradiation. For example, in some embodiments, the increased plasma
lactate, ketone (e.g., alpha ketobutyrate), lipid, and/or free fatty acid (FFA) level can extend
at least to (i.e., be sustained at least until) 180 minutes after the PDT event (exposure of the
tumor to actinic light). For example, the subject’s plasma lactate, ketone (e.g., alpha
ketobutyrate), lipid, and/or free fatty acid (FFA) level can be increased by any means (e.g.,
by at least 10, 15, 20, 25, 30, 35, 40, 45, or 50%) above the basal level starting within seven
days before the administration of one or more BAs and extending the increased level (i.e.,
maintained at the increased level until) atdeast-for as long as up-te and optionally 48 hours
after the PDT event (photoirradiation). In other words, the window in which the plasma
lactate, lipid or FFA level increase should be initiated begins about 7 days prior to
administration of the BA and extends until about 10 minutes prior to photoirradiation and
such increased levels should be maintained until at least photoirradiation. Preferably, the
subject’s plasma lactate, ketone (e.g., alpha ketobutyrate), lipid, and/or free fatty acid (FFA)
level can be increased for a time period beginning between about 24 hours before BA
administration and at least 10 minutes before the time of irradiation and optionally

maintained at least until the photoirradiation.

Alternately or in addition, the method comprises increasing plasma insulin (e.g., by at
least 10, 15, 20, 25, 30, 35, 40, 45, or 50%) above the subjects basal plasma insulin level for a
period of time (hereinafter the “enhanced activity period™ ) followed by BA-PDT treatment
(I-BA-PDT) . Moreover, the enhanced activity period can be initiated prior to or concurrent
with the administration of one or more BAs or after the administration of one or more BAs

and can extend up to (i.e., be sustained at least until) a PDT event comprising exposure to an

10
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actinic light source (which is generally administered at a time between 30 minutes to 24
hours after BA administration). The time period during which the subject’s plasma insulin
level is increased over the subject’s basal level of these constituents can start much earlier
before the administration of the BAs (for example within 12 hours before) or later (i.e., after
the BA has been administered but before photoirradiation) and/or extend later (i.e., after
photoirradiation). For example, in one embodiment, the subject’s plasma insulin level can be
increased above the basal level by any means (e.g., increased by at least 10, 15, 20, 25, 30,
35, 40, 45, or 50%) starting at any time point beginning at least 30 before the administration
of one or more BAs and extending to the time of photoirradiation. For example, the increased
plasma insulin level can extend at least to (i.e., be sustained at least until) 180 minutes after
the PDT event (exposure of the tumor to actinic light). For example, the subject’s plasma
insulin level can be increased by any means (e.g., by at least 10, 15, 20, 25, 30, 35, 40, 45, or
50%) above the basal level starting 12 hours before the administration of one or more BAs
and extending to (i.e., maintained at the increased level until) 180 minutes after the PDT
event. Preferably, the subject’s plasma insulin level can be increased beginning at any time
point between about seven days (preferably 24 hours) before BA administration and 10
minutes before the time of irradiation. In other words, the window in which the plasma
insulin level increase should be initiated begins about 7 days prior to administration of the
BA and extends until about 10 minutes prior to photoirradiation and such plasma insulin level
increase should be maintained until at least the time of photoirradiation. Similarly, any
method that initiates the increased metabolic, glycolytic or mitochondrial activity of the
subject or tumor beginning from 7 days (preferably 24 hours) before the administration of
BA and extending until about 10 minutes before the BA-PDT irradiation will enhance the
BA-PDT effectiveness in destroying the tumor. In other words, the window in which the
metabolic activity increase should be initiated begins about 7 days prior to administration of
the BA and extends until about 10 minutes prior to photoirradiation and such increased
metabolic, glycolytic or mitochondrial activity should be maintained until at least the time of
photoirradiation. A variety of other agents beyond those described above that enhance
metabolic, glycolytic, or mitochondrial oxidative activity of the tumor will also function to
enhance the BA-PDT effectiveness in destroying the tumor.. These agents include, by way of
non-limiting example, stimulators of UCP1,2, or 3 (norepinephrine, epinephrine) or
uncouplers of oxidative phosphorylation such as dinitorphenol, FCCP (Carbonyl cyanide-4-
(trifluoromethoxy)phenylhydrazone), oligomycin, pyruvate dehydrogenase stimulators (e.g.,

insulin, carnitine) and thyroid hormones (T3,T4). Whole body glycolytic activity, lipid
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oxidation activity, and metabolic rate can be measured by any means known in the art
including respirometry assessment of O2 consumption and CO2 production. Tumor oxidative
or metabolic activity can be measured with the use of stable or radiolabeled isotopes to

measure local glucose uptake, oxygen consumption, or CO2 production.

It is desirable to wait about 30 minutes to about 8 hours between the time the subject’s
metabolic profile has reached the desired “increased” level (i.e., the level above the basal
level of e.g. plasma glucose, FFA, lipid, ketone, lactate, or glutamine) and administration of
the BA dye. However, longer periods of increased metabolic activity in the subject or tumor
for as long as one week may also be useful in this treatment paradigm. However, such
“increased” metabolic activity level can also be established within 24 hours prior to the BA
administration and up to about 30 minutes prior to photoirradiation of the tumor. This

increase can begin after the administration of the BAs and before BA-PDT photoirradiation.

Any of the above methods of increasing the subject’s metabolic activity (e.g.,
glycolytic activity, lipid oxidation activity, oxygen consumption rate, fuel utilization rate,
anabolic and/or catabolic processes) can be applied individually or in any combination prior
to the administration of one or more BA dyes. For example, the GluBA-PDT method can be
combined with the FFA-BA-PDT method to further enhance tumor eradication (defined as
the MetabBA-PDT method). In another example, the GluBA-PDT, FFA-BA-PDT, or
MetabBA-PDT method can further be combined with increasing plasma insulin (e.g., by at
least 10, 15, 20, 25, 30, 35, 40, 45, or 50%) above the basal level for a period of time as

defined above.

An increase in plasma glucose and/or glutamine level (e.g., by at least 10, 15, 20, 25,
30, 35, 40, 45, or 50%) above the basal level for a period of time can be achieved by any
means or combination of means known in the art, including, e.g., a) direct glucose and/or
glutamine administration to achieve a prolonged hyperglycemia and/or elevated plasma
glutamine levels (e.g., administration of a glucose and/or glutamine bolus, intravenous
glucose and/or glutamine, or a glucose and/or glutamine bolus followed by continuous
intravenous glucose and/or glutamine), b) administration of one or more hormones or
hyperglycemic agents (e.g., glucagon, corticosteroids, and growth hormone) to increase
plasma glucose level, c) administration of one or more xenobiotics that elevate the plasma

glucose level, and/or d) any nutritional (e.g., dietary), pharmaceutical, and/or biological
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intervention that produces a sustained rise in the plasma glucose level (e.g., consuming high

glycemic index food such as a candy bar, pastry, potato or a sugar containing beverage).

An increase in plasma lactate, ketone, lipid, and/or FFA level (e.g., by at least 10, 15,
20, 25, 30, 35, 40, 45, or 50%) above the basal level for a period of time can be achieved by
any means or combination of means known in the art, including, e.g., a) direct lactate, ketone,
lipid, and/or FFA administration (e.g., lipid or fat emulsion [e.g., Intralipid® infusion]),
and/or b) administration of one or more lipolytic agents (e.g., growth hormone,
corticosteroids, thyroid hormones, and/or acipomox) and/or sympathomimetic agents (e.g.,
agents that increase noradrenergic or adrenergic activity at adipocytes such as, e.g.,
norepinephrine, epinephrine, beta-3 agonists, and/or noradrenergic alpha 1 and/or 2 agonists)

that facilitate a rise in plasma FFA level.

An increase in plasma insulin (e.g., by at least 10, 15, 20, 25, 30, 35, 40, 45, or 50%)
above the basal level for a period of time can be achieved by any means or combination of
means known in the art, including, e.g., insulin infusion, insulin injection, and/or FFA
infusion or consumption of a high sugar(for example greater than 75 grams per serving of
sugar) or carbohydrate diet, a high fat diet(greater than 25% of total daily calories from fat) ,
or a high fat plus simple sugar diet

An increase in plasma corticosteroid level (e.g., by at least 2-fold) above the basal
level for a period of time can be achieved by any means or combination of means known in

the art, including, e.g., corticosteroid infusion or injection or oral administration.

Any of the above described methods of increasing metabolic activity of the body can
function to increase the metabolic activity of the normal tissue within (and potentially
surrounding) the tumor mass that, in turn, functions to increase lactate and ketone production
and release that enters the tumor mass to increase its metabolic activity, thereby increasing
the effectiveness of the BA-PDT. As such, the normal tissue can participate in a major way

in the destruction of the tumor mass with this unique anti-cancer treatment approach.

A preferred BA chromophore for use in the present tumor eradication treatment is a
benzophenothiazinium compound, an iodinated benzophenoxazinium compound, or a
pharmaceutically acceptable salt thereof. In a particularly preferred embodiment, the BA

chromophore is 2-i0do-5-ethylamino-9-diethylamino-benzo[ a]phenothiazinium chloride (2I-
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EtNBS), 5-ethylamino-9-diethylamino-benzo|a|phenothiazinium chloride (EINBS), or 5-
ethylamino-9-diethylaminobenzo| a]phenoselenazinium (EtINBSe). The amount of BA for
each treatment ranges between 0.01 to 15 mg/kg. The BAs are generally dissolved in an
acidic aqueous solution of 3-10% simple sugar (glucose, sucrose, etc.). The BAs are
administered at a predetermined intravenous infusion rate to provide for a specific
pharmacokinetic profile. Generally, the intravenous infusion of the BA dye solution is at a
rate that creates a plasma BA Tmax of the BA within about 10 - 240 minutes, preferably within
about 10 - 180 minutes, following termination of infusion, followed by a plasma level of the
BA less than about 50% of the Tmax level within about 30 to 360 minutes, preferably within

about 30 to 240 minutes following the initial Tmax time.

An optimal outcome of a successful cancer therapy (e.g., successful BA-PDT therapy)
is a therapeutically relevant and maximal level of damage to the tumor, combined with a

minimal level of damage to the healthy/normal body tissues of the subject.

The optimal therapeutic effect of BA-PDT therapy is dependent upon a complex
interaction of pharmacodynamic, photophysical, and biochemical events within the subject.
To optimize the therapeutic benefit and provide a maximal therapeutic index (defined as the
minimal dose that produces a toxic effect to the body divided by the minimum effective
therapeutic dose of the therapy) on a routine, reproducible basis with BA-PDT, a specific

method of administering the BA is employed based upon the following considerations.

BA chromophores (BAs) are taken up by both normal and tumor/cancer cells;
however, they tend to be retained within tumor/cancer cells of the body for a longer period of
time than within normal cells. BA chromophores can be toxic to normal tissues, even in the
absence of light. Also, within both normal cells and tumor/cancer cells, BA dyes (BAs) can
exist in an active oxidized or protonated form and/or an inactive reduced or deprotonated
form. To increase the therapeutic benefit and therapeutic index simultaneously with BA-PDT,
it is advantageous to maximize the amount of oxidized or protonated BA dyes in cancer cells
while limiting the level of such oxidized or protonated dyes in normal cells. This is because it
is the oxidized or protonated form of the BA dyes that effectively absorb light in the

therapeutic window to produce the PDT anti-cancer effect.
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To generate a PDT effect with BA dyes, previous studies have employed either an
intravenous injection, subcutaneous injection, or intravenous infusion of the BA dye ata
standard rate and volume (irrespective of subject blood volume, i.e., dosing not based the

subject’s blood volume) with varying therapeutic effect.

BA dyes can be rapidly cleared from the circulation and absorbed by both
healthy/normal and cancerous tissues of the body shortly after administration depending upon
the administration protocol. Also, BA dyes can be rapidly inactivated (i.e., converted to a
form that does not absorb light at the appropriate wavelength and therefore is non-
photoactive) in both healthy/normal and cancerous tissues. Thus, to enable an administered
dose of BA dye to 1) differentially and preferentially accumulate within cancerous tissues
versus healthy/normal tissues of the body, 2) maximally remain in the active form at the time
of tumor irradiation, and 3) maintain a beneficial maximal therapeutic index, the

administration volume, rate, and dose of BA dye must be appropriately adjusted.

Unlike most pharmacological agents, the absorption, distribution, metabolism, and
elimination (ADME) of the BA dyes interacts with their photophysical properties to
determine their therapeutic index. Importantly, it has now been found that BA dyes” ADME
can be manipulated in a very specific way to optimize their therapeutic effect at the same
dose administration by employing a specific procedure for the administration and irradiation
of the BA dyes. In particular, it has now been unexpectedly found that a specific
administration and irradiation procedure for BA dyes is required to achieve a superior BA-
PDT result and physiological status with healthy/normal tissues containing low (i.e., non-
toxic) levels of BA dyes (low levels of oxidized or protonated BA dyes in particular) and
cancerous tissues containing a relatively higher level of oxidized or protonated BA dyes (i.e.,
a level sufficient to produce a therapeutically relevant PDT effect on tumor growth and
viability [optimal BA-PDT procedure]). That is to say, specific administration procedures and
light treatment procedures produce an unexpectedly superior PDT result versus other
procedures that utilize the same dose of BA and light. This procedure has the following

components and characteristics:

1. Administration (by intravenous infusion) of a BA dose between about 0.01 to 15

mg/kg body weight (preferably about 0.01 to 5.0 mg/kg body weight) in an acidified
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aqueous solution of 3—10% sugar or any short chain saccharide(s) (e.g., glucose,
sucrose, mannitol, mannose, and/or fructose).

2. Intravenous infusion of the BA dye solution at a total infusion volume equal to
between about one-tenth and one-quarter of the subject’s total blood volume.

3. Intravenous infusion of the BA dye solution at a rate that creates a plasma BA Tmax
within about 10 — 240 minutes, preferably within about 10 - 180 minutes following
termination of infusion, followed by a plasma level less than about 50% of the Tmax
level within about 10 to 360 minutes, preferably within about 30 to 240 minutes
following the initial Tmax time.

4. Trradiation of the tumor mass within about 30 minutes to 24 hours , preferably to 8
hours following the termination of BA dye infusion with “red” light (i.e., light with a
wavelength between about 600 and 700 nm, preferably >650 nm, preferably at the
lambda max for the specific BA dye administered) at 50-500 mW/cm? and 50-500

J/em?.

Light Activation of Administered BA Chromophores

Light-induced killing of solid tumors can be carried out on any solid tumor accessible
to irradiation from conventional sources of actinic light (e.g., a Xxenon arc lamp or an
incandescent white light source) and/or from a laser generating light of the appropriate
wavelength [i.e., at or near the lambda max absorption of the BA]. For tumors on the body
surface, any light source can be employed that radiates light at the appropriate wavelengths to
activate the BA chromophores (i.e., wavelengths between about 600 and 700nm, preferably
between about 620 and 700 nm, preferably about 650 nm) and that can deliver about 50 to
500 mW per square centimeter (cm?) of treated area. For example, a diode laser or a tunable
argon-dye laser (e.g., a 5 watt argon ion pumped tunable dye laser such as Coherent model
Innova 100) can be used. Similar lasers are also commercially available from, e.g., Applied
Optics Corp. (e.g., a 652 nm diode laser). A projector light source can alternately be
employed. For tumors within the body that are inaccessible to direct light sources, light can

be administered, e.g., via optical fibers. A preferred light source in this case is a laser.

The total light energy delivered is preferably between about 50 and about 500 Joules
(J)/cm?, more preferably about 200 J/cm?. The power density of the light is preferably
between about 50 and about 500 mW/cm?, more preferably about 200 mW/cm?. Delivery of

laser light can be carried out, e.g., according to the well-known methods currently used for
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HPD-mediated laser therapy (see, e.g., Foultier et al., J Photochem Photobiol B Biol. 10:119-
132, 1991). The output beam from the dye laser can be coupled to, e.g., a 400 micron (um)
quartz fiber optic cable fitted with a microlens to ensure an even light distribution throughout
the treatment field. The wavelength can be tuned with, e.g., a birefringent filter and the power
density should be adjusted for a spot size to encompass the tumor and a margin of some

normal tissue.

Compared to BA-PDT alone, the application of one or more metabolism-altering
methods as described herein in conjunction with BA-PDT (e.g., GluBA-PDT or FFA-BA-
PDT or MetabBA-PDT) leads to a surprising and apparently synergistic enhancement of the
tumor eradication rate, with one or more of the metabolism-altering methods disclosed

herein.

Assessment of the change in metabolism in the tumor desired to be treated by any of
the metabolism-altering methods described herein may be accomplished by altering the
metabolism as described herein of the tumor type desired to be treated (e.g., increasing the
tumor level of glucose, glutamine, lactate, ketone, lipid, and/or FFA [e.g., by at least 10, 15,
20, 25, 30, 35, 40, 45, or 50%] above that of the subject’s basal condition for a period of
time) and evaluating subsequent changes in metabolic activity of the tumor, for example, by
assaying activity levels of glucose uptake, glycolysis, mitochondrial oxidative
phosphorylation, and/or reactive oxygen species generation by methods that are well
established in the art. The increase in the photoactive form of the BA within the tumor or
tumor cells under such metabolic manipulation conditions can be evaluated in vivo .This
measurement can be accomplished using spectrophotometry (red light absorption) or

fluorescence analysis of BA’s within the tumor mass.

EXAMPLES

Example 1

Syrian hamsters bearing transplanted subcutaneous pancreatic tumors (~5-9 mm
diameter) (HapT1, from approximately 1 million cells injected) were divided into three
groups (N =3 -6 per group). Two groups were administered BA (2I-EINBS) (6.0 mg/kg),
either with concurrent intervention to raise the plasma glucose level (glucose bolus
administration [3g/kg body weight, administered intraperitoneally]) to at least 20% above
basal levels (Glu-BA-PDT) plus insulin (10 U/kg body weight) for a period from 30 minutes
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prior to BA administration to 60 minutes after BA administration or another group without
such metabolic treatment. A third group was untreated to serve as a negative control. Each of
the BA groups received PDT (180 mW/cm? and 180 J/cm? of 652 nm light) 60 minutes after
the administration of BA. Relative to the untreated control group, the tumor volume at 3-7
days following PDT was reduced by 40-50% in the BA-PDT group and by 70-80% in the
Glu-BA-PDT plus insulin group. In other words, the tumor growth promoting intervention of
adding the glucose plus insulin to the BA-PDT protocol further reduced tumor growth by

another approximate 50%.

Example 2A

Syrian hamsters bearing transplanted orthotopic pancreatic tumors (~5-9 mm
diameter) (HapT1, from approximately 100,00 cells injected) were divided into three groups
(N = 5-9/group). Two groups were administered BA (2I-EtNBS) ( 11.25 mg/kg), either with
prior intervention to raise the plasma glucose level (glucose bolus administration [3g/kg body
weight, administered intraperitoneally]) to at least 20% above basal levels (Glu-BA-PDT)
plus insulin (10 U/kg body weight) for a period from 60 minutes prior to BA-PDT
photoirradiation and 4 hours after BA administration or another group without such metabolic
treatment. A third group was untreated to serve as a negative control. Each of the BA groups
received PDT (270 mW/cm? and 270 J/cm? of 652 nm light) 5 hours after the administration
of BA. Tumor growth was assessed by measuring tumor volume at 28 days post-BA-PDT
treatment. Relative to the untreated control group (tumor volume = 1686 mm?), the tumor
volume of the BA-PDT group was approximately 45% smaller. However, the tumor volume
of the BA-PDT plus glucose and insulin group was 52% smaller than the BA-PDT group.
In other words, the tumor growth promoting intervention of adding the glucose plus insulin to

the BA-PDT protocol further reduced tumor growth by another 38%.
Figure 1 is a chart of Example 2A illustrating the in vivo anti-tumor effect of Hamster
Pancreatic Cancer Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 270mW~J/cm? at 5

hours after infusion treatment and sacrificed 28 days later.

The results of Example 2A are shown below- values are for tumor volume in mm?®.

Vehicle tumor volume PDT + Glu&INS tumor volume
(mm3) PDT tumor volume (mm3) (mm3)
Hamster Hamster Hamster
# Day 0 Day 28 # Day 0 Day 28 # Day 0 Day 28
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1072518 5291 0.00 | 2072018 25.98 363.55 | 3072018 22.01 0.00
13072518 27.04 | 413731 | 4072018 28.46 0.00 | 5072018 34.63 0.00
1072018 4133 | 321492 | 6072018 51.14 0.00 | 7072018 60.50 0.00
12072018 54.68 0.00 | 8072018 17055 | 1128.59 | 9072018 34.96 97.55
13072018 10534 | 1079.03 | 10072018 55.12 152.49 | 11072018 61.66 0.00
6072718 74.92 836.34 | 2072718 83.05 0.00
9072718 69.55 | 351244 | 5072718 46.08 [ 1483.99
12072718 59.40 | 139592 | 8072718 44.57 | 1356.32
11072718 32.07 [ 1034.39
Average 56.26 | 1686.25 | Average 66.89 923.67 | Average 46.61 441.36

Example 2B

Syrian hamsters bearing transplanted orthotopic pancreatic tumors (~5-9 mm
diameter) (HapT1, from approximately 100,00 cells injected) were divided into three groups
(N = 7-15/group). Two groups were administered BA (2I-EtNBS) ( 11.25 mg/kg), either
with prior intervention to raise the plasma glucose level (glucose bolus administration [3g/kg
body weight, administered intraperitoneally]) to at least 20% above basal levels (Glu-BA-
PDT) plus insulin (10 U/kg body weight) for a period from 60 minutes prior to BA-PDT
photoirradiation and 4 hours after BA administration or another group without such metabolic
treatment. A third group was untreated to serve as a negative control. Each of the BA groups
received PDT (270 mW/cm? and 270 J/cm? of 652 nm light) 5 hours after the administration
of BA. Tumor growth was assessed by measuring tumor volume at 7 days post-BA-PDT
treatment. Relative to the untreated control group (tumor volume = 597 mm?), the tumor
volume of the BA-PDT group was approximately 41% smaller. However, the tumor volume
of the BA-PDT plus glucose and insulin group was 63% smaller than the BA-PDT group. In
other words, the tumor growth promoting intervention of adding the glucose plus insulin to

the BA-PDT protocol further reduced tumor growth by another 63%..
Figure 2 a chart of Example 2B illustrating the in vivo Hamster Pancreatic Cancer Metabolic
Modulation plus BA-PDT at 11.25 mg/kg at 270mW~J/cm? 2.5 hours after infusion treatment

and sacrificed 7 days later,

The results of Example 2B are shown below- values are for tumor volume in mm?.

PDT + Glu&INS tumor

Vehicle tumor volume mm® PDT tumor volume (mm3) volume (mm3)
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Hamster Hamster
Hamster # | Day 0 | Day 7 # Day 0 | Day 7 # Day 0 7
1071818 | 34.05 | 2368.50 | 3071818 | 76.23 0.00 | 2071818 | 169.53 | 68.47
12071818 | 53.59 | 2346.63 | 5071818 684.16 | 4071818 | 44.80 0.00

12060418 | 67.03 40431 [ 7071818 | 50.25 | 1355.70 | 6071818 | 59.96 | 138.12
12053118 | 44.40 34328 [ 9071818 | 189.45 0.00 | 8071818 | 86.36 | 628.62
1052918 | 28.75 23398 [ 11071818 | 66.32 | 426.06 | 10071818 | 50.62 0.00
1052518 | 23.50 385.64 | 6060418 | 36.06 | 108.47 | 2060418 | 76.40 | 20.16
12051818 | 59.83 79.72 | 8060418 | 51.96 | 102.76 | 7060418 | 50.64 | 59.70
8042118 | 83.44 240.35 | 10060418 | 29.70 | 141.74
1041918 | 46.70 526.84
13071818 | 77.90 240.35
4060418 | 69.14 526.84
1053118 | 49.53 526.99
12052918 | 61.34 491.81
12052518 | 23.80 139.83
1051818 | 35.34 107.14

Average 50.56 597.48 | Average 71.42 | 352.36 | Average 76.90 [ 130.72

Example 3

Syrian hamsters bearing transplanted subcutaneous pancreatic tumors (~5-9 mm
diameter) (HapT1, from approximately 1 million cells injected) were divided into three
groups. Two groups were administered 2I-EtNBS (BA) (6.0 mg/kg), either with concurrent
intervention to raise the plasma FFA and glucose levels (e.g., administration of a lipid/ fat
emulsion as Intralipid® at about 7.5 ml of a 20% solution per kg body weight and of glucose
at 3g/kg body weight i.p.) to at least 30% above basal levels for a period from 60 minutes
prior to BA administration to about 60 minutes after BA administration (Metab-BA-PDT)
plus insulin (10U/kg body weight) or another group without such treatment (BA-PDT). A
third group was untreated to serve as a negative control. Each of the BA groups receive PDT
(180 mW/cm? and 180 J/cm? of 652 nm light) 60 minutes after the administration of BA.
Relative to the untreated control group, the tumor volume at 4-7 days following PDT was
reduced by 40-50% in the BA-PDT group and by 70-80% in the Metab-BA-PDT plus insulin
group. In other words, the tumor growth promoting intervention of adding the glucose plus

insulin to the BA-PDT protocol further reduced tumor growth by another approximate 50%.

Example 4
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Syrian hamsters bearing transplanted subcutaneous pancreatic tumors (~5-9 mm
diameter) (HapT1, from approximately 1 million cells injected) were divided into three
groups. Two groups are administered 2I-EtNBS (BA) (6.0 mg/kg), either with concurrent
intervention to raise the plasma FFA (e.g., administration of a lipid/ fat emulsion as
Intralipid® at about 7.5 ml of a 20% solution per kg body weight) to at least 30% above basal
levels for a period from 60 minutes prior to BA administration to about 60 minutes after BA
administration (FFA-BA-PDT) or another group without such intervention (BA-PDT). A
third group is untreated to serve as a negative control. Each of the BA groups receive PDT
(180 mW/cm? and 180 J/cm? of 652 nm light) 60 minutes after the administration of BA.
Relative to the untreated control group, the tumor volume at 4-7 days following PDT was
reduced by 40-50% in the BA-PDT group and by 70-80% in the FFA-BA-PDT group. In
other words, the tumor growth promoting intervention of adding the glucose plus insulin to

the BA-PDT protocol further reduced tumor growth by another approximate 50%.

Example 5

Syrian hamsters bearing transplanted subcutaneous pancreatic tumors (~5-9 mm
diameter) (HapT1, from approximately 1 million cells injected) are divided into three groups.
Two groups are administered 2I-EINBS (BA) (6.0 mg/kg), either with (FFA-BA-PDT) or
another group without (BA-PDT) concurrent intervention to raise the plasma lactate and/or
ketone level to at least 10% above basal levels for a period from 30 minutes prior to BA
administration to 60 minutes after BA administration. A third group is untreated to serve as a
negative control. Each of the BA groups receive PDT (exposure to 180 mW/cm? and 180
J/em? of 652 nm light) 60 minutes after the administration of BA. Relative to the BA-PDT
group, the decrease in tumor size in the FFA-BA-PDT group at 4-7 days post-PDT is
predicted to be significantly greater than in the control and BA-PDT groups.

Example 6

Syrian hamsters bearing transplanted subcutaneous pancreatic tumors (~5-9 mm diameter)
(HapT1, from approximately 1 million cells injected) were divided into three groups. Two
groups were administered 2I-EtNBS (BA) (6.0 mg/kg), either with concurrent intervention to
raise the plasma glucose level to at least 30% above basal levels for a period from about 60
minutes prior to BA administration to 60 minutes after BA administration (Glu-BA-PDT) or
another group without such intervention (BA-PDT). A third group was untreated to serve as a

negative control. Each of the BA groups received PDT (180 mW/cm? and 180 J/cm? of 652
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nm light) 60 minutes after the administration of BA. Relative to the untreated control group,
the tumor volume at 3-7 days following PDT was reduced by 30-50% in the BA-PDT group
and by 70-80% in the Glu-BA-PDT. In other words, the tumor growth promoting
intervention of adding the glucose to the BA-PDT protocol further reduced tumor growth by

another approximate 50%.

Example 7A

Syrian hamsters bearing transplanted orthotopic pancreatic tumors (HapT1) were divided into
three groups (N = 12-25/group). Two groups were administered BA (2I-EINBS) (11.25
mg/kg), either with intervention to raise the plasma glucose level (glucose bolus
administration [3g/kg body weight, administered intraperitoneally]) to at least 20% above
basal levels (Glu-BA-PDT) plus insulin (10 U/kg body weight) for a period starting about 60
minutes prior to PDT and about 4 hours after BA administration or another group without
such metabolic treatment. A third group was untreated to serve as a negative control. Each of
the BA groups received PDT (130 mW/cm? and 130 J/em? of 652 nm light) 5 hours after the
administration of BA. Tumor growth was assessed by measuring tumor volume at 21 days
post-BA-PDT treatment. Relative to the untreated control group (tumor volume = 983 mm?),
the tumor volume of the BA-PDT group was approximately 43% smaller. However, the
tumor volume of the BA-PDT plus glucose and insulin group (GluBA-PDT plus insulin) was
55% smaller than the BA-PDT group. In other words, the tumor growth promoting
intervention of adding the glucose plus insulin to the BA-PDT protocol further reduced tumor

growth by another 55%.

The results of Example 7A are shown below- values are for tumor volume in mm?®.
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Vehicle fumor volume (mm3) PDT PDT + Glu&INS tumor volume (mm3)

Hamster # |Day 0 |Day 21  [Difference Hamster # |Day 0 Day 21 |Difference|Hamster# [Day 0 |Day 21 |Difference
1020119 31.76] 1212.95| 1181.19| 12071619 57.86 0.00] -57.86| 1071619 69.59] 346.89] 27729
13020119]  72.36]  647.27[ 574.92| 13071619 54.49 0.00] -5449] 2071619 99.79| 88.62 -11.17
2020119] 42.57) 1168.87| 1126.30| 12072319 109.13 36.34]  -72.779] 3071619  36.% 0.00]  -36.96
14020119]  45.13| 1931.76| 1886.62| 13072319 93.99] 971.37] 877.38| 1072319] 36.73] 69.89 33.16
1030119]  65.07| 1304.41| 1239.34| 1080619] 103.68| 1417.91] 1314.23| 2072319 62.31| 26.39] -3592
2030119 83.56| 2034.18) 1950.62] 3080619 92.89| 287.83[ 194.95| 3072319] 64.32| 53.59] -10.73
14030119  48.98]  771.92[ 722.94| 5080619 136.78[ 306.80| 170.02| 2082919| 63.13| 743.50| 680.36
15030119]  44.70) 1226.70[ 1182.00| 06080619 216.51| 624.31| 407.80| 4082919 102.80| 206.09] 103.29
1030819  78.40| 1376.74] 1298.34| 7080619 157.17] 226.04 68.86| 6082919 157.01] 697.34] 54033
2030819  79.97 323.82| 243.84| 8080619 91.65| 502.58[ 410.93| 8082919 93.67| 288.82] 195.15
14030819|  39.07 321.60] 262.53] 9080619 94.91| 298.52[ 203.61| 10082919 112.66| 91.94] -20.73
15030819] 47.85 964.75|  916.90| 10080619 102.08] 513.75] 411.67| 12082919) 95.51] 85.26] -10.25
15071619  60.32 783.18]  722.86| 11080619 262.84| 931.00] 668.16
14072319]  67.32] 1236.52 1169.20| 12080619 97.97| 61941 352144
15072319]  31.63 111.08 79.44| 13080619  127.20] 1699.25| 1572.05
1081219  97.02 680.22| 583.20| 14080619 19851 274.42 7591
2081219 112.84]  624.28] 511.44| 15080619 105.77| 755.74] 649.97
3081219 103.84| 1793.68] 1689.84
4081219 106.87) 1786.72 1679.85
5081219 103.09 311.92] 208.83
6081219 88.36| 1112.49 1024.13
7081219  80.94 942.80] 861.86
8081219 89.27| 717.23| 627.9%
9081219  61.97 887.47) 825.50
10081219]  77.48]  612.15] 534.68

Average 62.86 983.55[  920.69|Average 123.773] 556.78] 433.05|Average 76.96] 248.03 171.07

Figure 3 is a chart of Example 7A illustrating the in vivo Hamster Pancreatic Cancer
Metabolic Modulation plus BA-PDT at 11.25 mg/kg at 130 mW J/cm? 5 hours after infusion
treatment and sacrificed 21 days later.

Example 7B

Syrian hamsters bearing transplanted orthotopic pancreatic tumors (HapT1) were divided into
three groups (N = 8-25). Two groups were administered BA (2I-EINBS) (11.25 mg/kg),
either with intervention to raise the plasma glucose level (glucose bolus administration [3g/kg
body weight, administered intraperitoneally]) to at least 20% above basal levels (Glu-BA-
PDT) for a period starting from 60 minutes prior to BA-PDT photoirradiation and at 4 hours
after BA administration or another group without such metabolic treatment. A third group
was untreated to serve as a negative control. Each of the BA groups received PDT (130
mW/cm’ and 130 J/cm? of 652 nm light) 5 hours after the administration of BA. Tumor
growth was assessed by measuring tumor volume at 21 days post-BA-PDT treatment.
Relative to the untreated control group (tumor volume = 983 mm3), the tumor volume of the
BA-PDT group was approximately 43% smaller. However, the tumor volume of the BA-

PDT plus glucose (GluBA-PDT) group was 97% smaller than the BA-PDT group. In other
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words, the tumor growth promoting intervention of adding the glucose to the BA-PDT

protocol further reduced tumor growth by another approximate 97%.
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The results of Example 7B are shown below- values are for tumor volume in mm?®.

Vehicle tumor volume (mm3) PDT PDT + Glu tumor volume (mm3) |
Hamster # [Day 0 [Day 21 |Difference |Hamster # |Day 0 Day 21 |Difference |Hamster # |Day 0 Dayv 21 |Difference
1020119 31.76] 1212.95] 1181.19] 12071619 57.86 0.00 -57.86] 5071619 73.72 0.00] -73.72
13020119] 7236 647.27] 574.92| 13071619 54.49 0.00 -54.49] 7071619 46.04 0.00] -46.04
2020119 42,57 1168.87| 1126.30 12072319 109.13 36.34 -72.79| 9071619 29.79 0.00| -29.79
14020119 45,13 1931.76| 1886.62| 13072319 93.99| 97137 877.38| 11071619 74.00| 106.02 32.03
1030119 65.07| 130441 123934 1080619 103.68| 141791 1314.23| 5072319 0.00| -14.40
2030119 83.56] 2034.18] 1950.62| 3080619 92.89] 287.83 194.95] 7072319 14.40 0.00] -50.72
14030119 4898 771.92] 722.94] 5080619 136.78]  306.80 170.02] 9072319 50.72 0.00] -64.28
15030119  44.70[ 1226,70| 1182,00] 6080619 216.51| 62431 407.80| 11072319 64.28) 37.38 14.94
1030819 78.40( 1376.74| 1298.34] 7080619 157.17| 226,04 68.86 22.45
2030819 79.97 323.82 243.84| 8080619 91.65| 50258 410,93
14030819 59.07) 321.60 262.53] 9080619 9491 29852 203.61
15030819  47.85[ 96475  916.90] 10080619 102.08] 513.75 411.67
15071619  60.32] 783.18| 722.86| 11080619  262.84| 931.00 668.16
14072319|  67.32[ 1236.52] 1169.20] 12080619 97.97] 61941 521.44
15072319 31.63 111.08 79.44| 13080619 127.20 1699.25| 1572.05
1081219 97.02) 680.22 583.20] 14080619 198.51| 274.42 75.91
2081219 112.84| 624.28 511.44| 15080619 105.77| 75574 649.97
3081219 103.84] 1793.68| 1689.84
4081219 106.87] 1786.72| 1679.85
5081219 103.09] 311,92 208,83
6081219 88.36| 1112.49] 1024.13
7081219 30.94) 942.80 861.86
8081219 89.27| 717.23 627.96
9081219]  61.97] 88747 825.50
10081219 7748 61215 534.68

Average 62.86] 983.55 920.69|Average 123.73] 556.78 433.05|Average 46.92 17.93] -29.00

Figure 4 is a chart of Example 7B illustrating the in vivo Hamster Pancreatic Cancer Metabolic
Modulation plus BA-PDT at 11.25 mg/kg at 130mW~J/cm? at 5 hours after infusion treatment

and sacrificed 21 days later.

Example 7C

Syrian hamsters bearing transplanted orthotopic pancreatic tumors (HapT1) were divided into
three groups (N = 7-25). Two groups were administered BA (2I-EtNBS) (11.25 mg/kg), either
with intervention to raise the plasma insulin level by at least 10% (10 U/kg body weight) for a
period starting about 60 minutes prior to PDT and about 4 hours after BA administration or
another group without such hormonal/metabolic treatment. A third group was untreated to serve
as a negative control. Each of the BA groups received PDT (130 mW/cm? and 130 J/cm? of 652
nm light) 5 hours after the administration of BA. Tumor growth was assessed by measuring

tumor volume at 21 days post-BA-PDT treatment. Relative to the untreated control group
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(tumor volume = 983 mm?), the tumor volume of the BA-PDT group was approximately 43%
smaller. However, the tumor volume of the BA-PDT plus insulin group was 94% smaller than
the BA-PDT group. In other words, the tumor growth promoting intervention of adding the
glucose plus insulin to the BA-PDT protocol further reduced tumor growth by another 94%.
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Figure S is a chart of example 7C illustrating the in vivo Hamster Pancreatic Cancer Metabolic
Modulation plus BA-PDT at 11.25 mg/kg at 130mW~J/cm? 5 hours after infusion treatment and
sacrificed 21 days later.

Example 8

Syrian hamsters bearing transplanted orthotopic pancreatic tumors (HapT1) were divided into
three groups (N = 5-9/group). Two groups were administered BA (2I-EtNBS) (11.25 mg/kg),
either with intervention to raise the plasma glucose level (glucose bolus administration [3g/kg
body weight, administered intraperitoneally]) to at least 20% above basal levels (Glu-BA-PDT)
plus insulin (10 U/kg body weight) for a period starting about 60 minutes prior to PDT and about
4 hours after BA administration or another group without such metabolic treatment. A third
group was untreated to serve as a negative control. Each of the BA groups received PDT (270
mW/cm? and 270 J/em? of 652 nm light) 5 hours after the administration of BA. Tumor growth
was assessed by measuring tumor volume at 28 days post-BA-PDT treatment. Relative to the
untreated control group (tumor volume = 1750 mm?), the tumor volume of the BA-PDT group
was approximately 43% smaller. However, the tumor volume of the BA-PDT plus glucose and
insulin group (GluBA-PDT plus insulin) was 50% smaller than the BA-PDT group. In other
words, the tumor growth promoting intervention of adding the glucose plus insulin to the BA-

PDT protocol further reduced tumor growth by another 50%.

Example 9

Wistar rats bearing transplanted subcutaneous bladder tumors (~5-9 mm diameter) (NBT II, from
approximately 2.5 million cells injected) were divided into three groups (N = 3 per group). Two
groups were administered BA (2I-EtNBS) (10.0 mg/kg), either with concurrent intervention to
raise the plasma glucose level (glucose bolus administration [3g/kg body weight, administered
intraperitoneally]) to at least 20% above basal levels (Glu-BA-PDT) plus insulin (1.0 U/kg body
weight) at 1.5 hours after BA administration and for a period from 60 minutes before BA-PDT
photoirradiation or another group without such metabolic treatment. A third group was untreated
to serve as a negative control. Each of the BA groups received PDT (180 mW/cm? and 180 J/cm?

of 652 nm light) 2.5 hours after the administration of BA. The tumor presence at 48 hours
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following PDT was 100% in the negative control group (no PDT), 67% in the BA-PDT group,
and 0% in the GluBA-PDT plus insulin group. In other words, the tumor growth promoting
intervention of adding the glucose plus insulin to the BA-PDT protocol further reduced tumor
eradication by another approximate 67%, resulting in 100% of animals tumor free at this time
point.

Example 10

Fischer 344 rats bearing transplanted subcutaneous brain tumors (glioma) (~5-9 mm diameter)
(SL tumor cells, from approximately 2.0-2.5 million cells injected) were divided into three
groups (N = 3 per group). Two groups were administered BA (2I-EtNBS) (10.0 mg/kg), either
with concurrent intervention to raise the plasma glucose level (glucose bolus administration
[3g/kg body weight, administered intraperitoneally]) to at least 20% above basal levels (Glu-
BA-PDT) plus insulin (1.0 U/kg body weight) at 1.5 hours after BA administration and for a
period from 60 minutes before BA-PDT photoirradiation or another group without such
metabolic treatment. A third group was untreated to serve as a negative control. Each of the BA
groups received PDT (180 mW/cm? and 180 J/em? of 652 nm light) 2.5 hours after the
administration of BA. The tumor presence at 35 days following PDT was 67% in the negative
control group (no PDT), 50% in the BA-PDT group, and 0% in the GluBA-PDT plus insulin
group. In other words, the tumor growth promoting intervention of adding the glucose plus

insulin to the BA-PDT protocol further reduced tumor eradication by another approximate 50%.

Example 11

Animals bearing tumors of ectodermal, endodermal, or mesodermal origin (~5-9 mm diameter)
are divided into three groups. Two groups are administered 2I-EtNBS (BA) (6-12 mg/kg), either
with treatment that increases the metabolic activity of the animals (feeding, [particularly a high
fat and/or sugar/carbohydrate diet], metabolic activity increasing hormones such as insulin,
growth hormone, thyroid hormones, corticosteroids, or a combination of such feeding and
hormonal intervention) to raise the metabolic activity level to at least 10% above basal level for a
period of time at least 30 minutes prior to BA administration and extending to as much as 60
minutes after BA-PDT administration or another group without such concurrent metabolic
activity increasing intervention. A third group is untreated to serve as a negative control. Each of

the BA groups receive PDT (exposure to 100 mW/cm? and 100 J/cm? of 652 nm light) 5 hours
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after the administration of BA. Relative to the BA-PDT group, the decrease in tumor size in the
metabolic activity increasing-BA-PDT group at 21 days post-PDT is predicted to be significantly
greater than in the control and BA-PDT groups.

In all examples above, administration to several groups of animals of the metabolism
altering methods (e.g., GluBA-PDT, MetabBA-PDT or FFA-BA-PDT with or without insulin)
without concurrent application of BA-PDT had no effect on tumor regression or eradication.
That is such metabolic treatments in and of themselves produced no change in tumor volume at
the study endpoints versus the vehicle controls. Consequently, the above described observations
demonstrate the presence of a synergistic interaction between BA-PDT and the metabolism-
altering methods (i.e., raising the plasma glucose and/or FFA level or metabolic activity and/or
inducing hormonal changes (e.g., insulin administration) as described herein). That is, the effect
of combining a metabolism-altering method (individual anti-tumor effect = 0) with BA-PDT
(individual anti-tumor effect = X) is greater than the expected additive effect of combining the
two (i.e., the actual/observed effect is >> X, whereas the theoretical additive effect would be 0 +
X =X). In cases where the BA-PDT treatment did not produce a difference from the vehicle
control in terms of tumor volume, (and neither did the metabolism altering methods), the

metabolism altering methods plus BA-PDT did so.

In fact, it is generally observed that raising the plasma glucose and/or FFA level and/or
inducing insulin resistance in tumor-bearing organisms not only does not have any anti-tumor
effect but actually increases tumor growth rate via various mechanisms including providing fuel
and growth stimulating hormones (insulin) for tumor growth that can inhibit immune system
function against the tumor (i.e., anti-tumor effect < 0). Thus, it would have been counterintuitive
to combine BA-PDT (intended to treat cancer) with one or more of these metabolism-altering
methods (which by themselves are known to actually enhance tumor growth). Moreover, the
tumor eradication rate at study endpoint (no visible tumor present) can be greater among animals
treated with BA-PDT plus metabolic activity increasing methods described herein versus BA-

PDT alone.
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Addition of circadian neuroendocrine resetting therapy to the metabolic activity altering-
BA-PDT method to treat cancer

It is known that circadian rhythms of neuroendocrine activity can influence immune function in
the body. Several aspects of immune function themselves exhibit circadian or diurnal activity.
Cancer (tumor cell growth) has the capacity to disrupt both neuroendocrine and immune
circadian organization of immune function thus leading to a diminished ability of the immune
system to combat or attenuate cancer growth. It has now been found that the metabolism altering
activity - BA-PDT approaches described herein can be further enhanced to inhibit tumor growth
by appropriate circadian timed administration of dopaminergic agonists (e.g., bromocriptine,
dihydroergocriptine, dihydroergotoxine [hydergine], dopamine D1 agonists such benzazepine
analogs) at 0.001 to 1 mg/kg BW, and prolactin stimulating compounds (e.g., prolactin [at 0.01
to 100 ug/kg BW], or melatonin, tryptophan, 5-hydroxy-tryptophan [at 0.01 ug to 10 mg/
kg/BW]). The dopamine agonist is administered at a time of day so as to effectuate a daily peak
in brain dopaminergic activity that coincides with the natural circadian peak in such activity in
healthy individuals without cancer (generally within about 4 hours of waking from the daily
sleep cycle, preferably within about 2 hours of waking). The prolactin stimulating compound is
administered at a time of day so as to effectuate a daily peak in plasma prolactin level that
coincides with the natural circadian peak in such activity in healthy individuals without cancer
(generally within about 4 hours of onset of daily sleep cycle, preferably just before the onset of

sleep).

Example 12

Syrian hamsters held on 14 hour daily photoperiods and bearing transplanted orthotopic
pancreatic tumors (HapT1) were divided into four groups (N = 8-16/group). Two groups were
administered BA (2I-EtNBS) (11.25 mg/kg), either with intervention to raise the plasma glucose
level (glucose bolus administration [3g/kg body weight, administered intraperitoneally]) to at
least 20% above basal levels (Glu-BA-PDT) plus insulin (10 U/kg body weight) for a period
starting about 60 minutes prior to PDT and about 4 hours after BA administration or another
group with such metabolic treatment and additionally treatment with bromocriptine at the onset
of waking (10 mg/kg BW) and prolactin (0.25 mg/kg BW) at 10 hours after the onset of sleep for
a period of time 4 days before, during, and 6 days after the BA-PDT . A third group was treated
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only with bromocriptine at the onset of waking (10 mg/kg BW) and prolactin (0.25 mg/kg BW)
at 10 hours after the onset of sleep. A fourth group was untreated to serve as a negative control.
Each of the BA groups received PDT (130 mW/cm? and 130 J/cm? of 652 nm light) 5 hours after
the administration of BA. Tumor growth was assessed by measuring tumor volume at 34 days
post-BA-PDT treatment. Relative to the untreated control group (tumor volume = 1082 mm?),
the tumor volume of the BA-PDT group was approximately 57% smaller. However, the tumor
volume of the BA-PDT plus glucose and insulin group (GluBA-PDT plus insulin) with such
bromocriptine plus prolactin treatment was 78% smaller than the GluBA-PDT plus insulin
group. In other words, the tumor growth promoting intervention of adding the glucose plus
insulin to the BA-PDT protocol that reduced tumor growth by 54% was further enhanced by
circadian timed bromocriptine plus prolactin administration that further reduced tumor size by
another 78% relative to the GluBA-PDT plus insulin group. Improvements in tumor size
reduction were also observed for the GluBA-PDT plus insulin plus prolactin and the GluBA-
PDT plus insulin plus bromocriptine groups relative to the GluBA-PDT plus insulin group (65%
and 21% further reduction in tumor size, respectively). The bromocriptine at the onset of waking
(10 mg/kg BW) and prolactin (0.25 mg/kg BW) at 10 hours after the onset of sleep group had no

reduction in tumor size (1467 mm?) relative to the vehicle control.

The results of Example 12 are shown in the table below-values are for tumor volume in mm?.

32



PCT/US2020/052278

€0'TT 0S°S0T |68°68 35eIDAY 9C COPI L LOFT [TE€H9 FeIoAY T0vLE 19°L9Y [8S°¢6 S5eIoAY CLLB6 €Z80T |tL' V6 umio\wi.rﬁ
B!
__
S T6ET 8T 6SST |£6'991 0761509
1 LS916 79'0101 |90'v6 0761507 6€°L61E .
00°SoL SL'SL8 |8L°08 0T8CT09 6T TOTE 09°LSy |0T°S0 0TOTS0S
LEE0T- 000 LEE0T 078¢T0T 06°€0C C0°9CE |OL'15C | 0C61501
LT CEC 6t Ch9  |TTLOT 0TP1709 €€°8.LT 8t CRCT |69'LY 0787 P0¢C
01'LS 000 o1'LS 0TF1+0T t6°LTT1 0SSy |SSLS 078THOT |
617 101 000 67 101 0T01€09 TT'STE 0€°L0CT |8T'6TT | 0TOTL0S
ot £9- 000 ot €9 070T€£0T RCL60T TRLCL |TL 60T 0c0TC0T1
£0°0ET €8°LLEC |I8°LOT | OTFTIPOTT tL €9T 19°9¢¢  |L8'C6 (44840201 +9'0S1- 00°0 +9°051 0TS0€09 00°8+9 YSYLPT | 18°6L | 0TSOE0S
10899~ or'cs |TE6T11 | 0TV 1001 00'08¢ 68’ 17y [68'19 0Cr 1106 85°0LE 9665 L6'88 0750€0T 09°66¢€1 €€°9C01 | ¥6'8L | 0TSOL0T
L] 000 LTLY 0Zr1+08 T8 ¥+91 66 LT [91°001 014487075 1T 000 1T¢h 0TETT09 €6°CL6 7€906 | 09°€C | 0TETT0S
Si.mw. 000 L1768 0Tcr1t+ot t1'TE Prarayd Trot 0Tr1t0E 9¢'16- 00°0 9¢'T6 0TSTTOT +9°898 9L°€S6 | 88°'LE | 0TSTTOT
ﬂmm.mh. 000 €T'CL | 0TOTE0TT 9C° LTTIT TTCO1T (99°LY 07T0T€0T1 9t 798 £0'€16 LS 8P 0707709 €8616 TTYLPT | 16°€E€ | 0TOTTOS
Mwh.wmm co'ect |06'v6 | OTOTE00T 069089 19889 |TL'LL 020706 99061 19°19C | +6°0T1 070770T LS 60ET 8L°08CT [ SO P9T | 0TOTTOT
2:50' 76" 000 SO'+6 0201€08 LT EY teL0T (8019 0T01c0L §T'sTC 9% 81+ 1T €6 0TI1TO09 8L°0LTI 8t°C8C [00°0TT | OTITTOS
Huo.o 000 Iv'1s 0TOTEOY 66°'6¢" 000 66°6S 0T01£0€ 08 PvT ¢80ve S0'96 0TI1T0T T6'S0¢ ve Ke@ | 95792 | oztizon
m APl +€ Aed| 0 Al # 01ty QLI € A 0 Aed| # Io1suaey ol +€ ABQ 0 ABQ| # I9IStuRy] QIMIIYTI(T 0 A | # 191staey
W Od/0Id+ SNI/MO+1L.Ad OE/0Td+I19MOA SNI/MO+LAd S[OMOA

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2021/061818 PCT/US2020/052278

Figure 6 is a chart a chart of Example 12 illustrating in vivo Hamster Pancreatic Cancer
Metabolic Modulation plus Neuroendocrine Resetting Therapy plus BA-PDT at 11.25 mg/kg at

130 mW"J/cm? 5 hours after infusion treatment and sacrificed 34 days later.

Animals bearing tumor are treated with BA-PDT as follows:

Administration of EtNBSI at 7.5 — 11.25 mg/kg body weight in an acidified aqueous
solution of 3—10% sucrose via intravenous infusion of the EtNBSI solution, at a total infusion
volume equal to one-quarter of the animal’s total blood volume at a rate that creates a plasma BA
Tmax within about 10 to 360 minutes following termination of infusion, followed by a plasma
level less than about 50% of the Tmax level within about 10 to 360 minutes following the initial

Tmax time.

Irradiation of the tumor mass within about 30 to 24 hours following the termination of
EtNBSI infusion with “red” light (i.e., light with a wavelength between about 600 and 700 nm,
preferably >620 nm at 50-300 Mw/cm? and 50-300 J/cm?.

Such treated animals demonstrate a superior PDT effect relative to animals treated with
either a more concentrated solution (i.e., smaller volume) of the BA, or with a slower infusion
time of BA, or animals treated with BA in a manner that does not produce the above described

pharmacokinetic BA profile.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.

All patent applications, patents, and other publications cited herein are incorporated by

reference in their entireties.
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CLAIMS

What is claimed is:

10.

A method of treating a malignant tumor in a subject, comprising increasing the
metabolic activity level of a subject or subject’s tumor in need of such treatment to a
level above the basal metabolic activity level of the subject, administering at least one
BA to the subject, and thereafter exposing the tumor to actinic light.

The method of claim 1 which comprises increasing the metabolic activity level of a
subject by increasing the plasma glucose level of the subject.

The method of clam 2 which comprises increasing the plasma glucose level of the
subject by administering one or more hyperglycemic agents to the subject.

The method of claim 2 which comprises increasing the plasma glucose level of the
subject by administering glucose or a high sugar or carbohydrate diet to the subject.
The method of claim 2, which comprises increasing the plasma glucose level of the
subject by administering one or more hormones and/or hyperglycemic agents to the
subject.

The method of claim 1 wherein the basal metabolic activity level is increased by
increasing the ketone level of the subject to a level above the basal ketone level of the
subject.

The method of claim 1 wherein the basal metabolic activity level is increased by
increasing the plasma insulin level of a subject in need of such treatment to a level above
the basal plasma insulin level of the subject.

The method of claim 1 wherein the basal metabolic activity level is increased by
administering one or more free fatty acids (FFAs) or a high fat diet to the subject.

The method of claim 1 which increasing the basal metabolic activity level comprises
waiting a predetermined period of time between administration of the BA to the subject
and exposing the tumor to actinic light.

The method of claim 1 which comprises administering to the subject one or more agents

selected from the group consisting of FFA, lipid, glucagon, corticosteroids, growth
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11.

12.

13.

14.

15

16.

17.
18.

19.

hormone, lipolytic agents, and sympathomimetic agents to increase the metabolic
activity level of the subject.

The method of claim 1 which comprises increasing the metabolic activity level of the
subject by at least 10, 15, 20, 25, 30, 35, 40, 45 or 50% above the basal metabolic
activity level of the subject.

The method of claim 1 which comprises increasing the metabolic activity level of the
subject by administering one or more corticosteroids, FFAs, a high fat diet, a high sugar
diet or high fat plus high sugar diet to the subject.

The method of claim 1 which comprises increasing the plasma insulin level of the
subject.

The method of claim 1comprising increasing the plasma glucose level of the subject by
at least 10, 15, 20, 25, 30, 35, 40, 45 or 50% above the basal plasma glucose level of the

subject.

. The method of claim 1 wherein the actinic light comprises light in the range of

wavelength 600-700 nm.

The method of claim 1 which comprises administering to the subject between about

0.01 to 15 mg/kg of body weight of at least one BA dye.

The method of claim 16 wherein the actinic light comprises laser light.

The method of claim 1 wherein the basal metabolic activity is increased by increasing
mitochondrial oxidative activity in the tumor or whole body.

The method of claim 1 wherein the actinic light delivers total light energy of between

about 50 and about 500 Joules (J)/cm?.

20. The method of claim 1which comprises administering the BA at a rate that creates a

plasma BA Tmax of the BA within about 10 - 240 minutes

21. The method of claim 1 wherein the subject is afflicted with metastatic cancer.

22. The method of claim 1 further comprising increasing the oxidation state or reactive

oxygen species level of the tumor of the subject to a level above the basal oxidation state

or reactive oxygen species level of the tumor of the subject.

23. The method of claim 1 which further comprises administering to the subject for a period

of time beginning before BA administration until seven days after exposure to actinic

light at least one of a dopamine receptor agonist or a prolactin stimulating compound at a
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24

25.

26.

27.

28.

29.

30.

time of day that effectuates an increase in brain dopaminergic activity that mimics the
natural circadian peak of brain dopaminergic activity in healthy subjects or that
effectuates an increase in plasma prolactin at a time of day that mimics the daily peak in

plasma prolactin level in healthy individuals, respectively

. The method of claim 1 which comprises increasing the basal metabolic activity level of

the subject by at least 10% above the subject’s basal metabolic activity level.

A method of treating a tumor in a subject, comprising increasing the metabolic activity
level of the tumor of a subject in need of such treatment to a level above the basal
metabolic activity level of the tumor of the subject, administering at least one BA to the
subject, and thereafter exposing the tumor to actinic light and additionally treating said
subject with a dopamine receptor agonist and a prolactin stimulating compound at times
of day that effectuate an increase in brain dopaminergic activity at times of day that
mimic the natural circadian peak of brain dopaminergic activity in healthy subjects
without cancer and that effectuates an increase in plasma prolactin at a time of day that
mimics the daily peak in plasma prolactin level in healthy individuals, respectively for a
period of time beginning before the initiation of BA administration untilseven days after
BA-PDT.

The method of claim 1 which comprises increasing plasma insulin and glucose levels of
the subject by at least 10% above the basal glucose and insulin levels.

A method of administering BA dyes to a subject, comprising intravenously infusing into
the subject a BA solution in a volume equal to between about one-tenth and one-quarter
of the total blood volume of the subject at a rate that creates a plasma BA Tmax within
about 180 minutes following termination of infusion, and a plasma level less than about
50% of the Tmax level within about 240 minutes following the initial Tmax time.

The method of claim 1 wherein the tumor metabolic activity is increased by increasing
glycolytic activity in the tumor or whole body-

The method of claim 1 wherein the tumor metabolic activity is increased by increasing
mitochondrial oxidative activity in the tumor or whole body-

The method of claim 19 wherein the power density of the light is between about 50 and
500 mW/cm?
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