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METHODS AND COMPOSITIONS FOR
CANCER THERAPIES THAT INCLUDE
DELIVERY OF HALOGENATED
THYMIDINES AND THYMIDINE
PHOSPHORYLASE INHIBITORS IN
COMBINATION WITH RADIATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This international application claims the benefit of
priority to U.S. Provisional Application No. 62/444,155,
filed Jan. 9, 2017, the entirety of which 1s incorporated
herein by reference.

GOVERNMENT LICENSE RIGHTS

[0002] This nvention was made with government support
under grant No. HHSN261201400 013C awarded by the
National Institutes of Health (SBIR Program). The govermn-
ment has certain rights in the mvention.

FIELD OF THE INVENTION

[0003] The application relates generally to methods of
using radiosensitizing agents that are metabolized by thymi-
dine phosphorylase for treating disease and more particu-
larly, but not exclusively, to methods of treating cancer by
administering S-10do-2'-deoxyuridine (IUdR) to a patient 1n
combination with a thymidine phosphorylase mhibitor (TPI)
and radiation therapy.

BACKGROUND OF THE INVENTION

[0004] Administering radiation sensitizers 1n combination
with radiation therapy can improve cancer treatment out-
comes. S-10do-2'-deoxyuridine (IUdR) has been demon-
strated as a potent radiation sensitizer in preclinical and clin-
1cal studies. The effectiveness of radiation sensitization 1s
directly proportional to the amount of IUdR that 1s mcorpo-
rated 1nto cancer cell DNA. However, IUdR drug levels
plasma following oral delivery are msufficient to achieve
elfective levels of radiation sensitization due to IUAR degra-
dation by the thymidine phosphorylase enzyme 1n the gut
and 1n the liver.

[0005] Accordingly, there 1s a need 1n the field for treat-
ment options that include radiation sensitization mvolving
[IUdR that allow for the protection of IUdR from degrada-
tion and early metabolization. The mvention disclosed
herem meets this need.

SUMMARY OF THE INVENTION

[0006] The application provides methods and formula-
tions directed to treating cancer that involve sensitizing can-
cer and/or neoplastic cells with a radiosensitizing agent
(¢.g., IUdR) while additionally providing a thymidine phos-
phorylase mhibitor (TPI) that prevents degradation of the
radiosensitizing agent. For example, imnhibiting thymidine
phosphorylase activity may increase plasma levels of
[UdR 1n a patient, thereby resulting in increased IUdR 1ncor-
poration mto cancer cell DNA and greater radiation
sensitization.

[0007] In a first aspect, the invention includes a method
for sensitizing cancer cells 1n a patient having cancer to
radiation therapy. The method may include a step of admin-
1stering a therapeutically effective amount of a radiosensi-
tizing agent that 1s metabolized by thymidine phosphorylase
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to the patient to thereby sensitize the cancerous cells to
radiation. Moreover, the radiosensitizing agent may mclude
5-10do-2'-deoxyuridine (IUdR) or a prodrug thereof. The
method may also mclude a step of administering a selected
effective amount of a thymidine phosphorylase mhibitor to
the patient that 1s configured to mhibit thymidine phosphor-
ylase to thereby hinder metabolization of the radiosensitiz-
ing agent by thymidine phosphorylase.

[0008] In another aspect, the mvention includes a method
for treating cancer 1n a patient 1n need of such treatment by
irradiating cancerous cells 1n the patient. The method may
include the step of administering a therapeutically effective
amount of a radiosensitizing agent that 1s metabolized by
thymidine phosphorylase to the patient to sensitize cancer-
ous cells to radiation. The radiosensitizing agent may
include 5-10do-2'-deoxyuridine (IUdR) or a prodrug thereof.
Moreover, the method may include the step of administering
a selected effective amount of a thymidine phosphorylase
inhibitor to the patient that 1s configured to mnhibit thymidine
phosphorylase to hinder metabolization of the radiosensitiz-
ing agent by thymidine phosphorylase. Additionally, the
method may include wmradiating a selected tissue of the
patient that mcludes the cancerous cells that are sensitized
to radiation therapy by the radiosensitizing agent.

[0009] In some embodiments, the thymidine phosphory-
lase 1nhibitor used 1n the methods described herein may
include Tipiracil.

[0010] The cancers treated by the methods described
herein, and associated cancerous cells and tissues, may
include one or more of pancreatic cancer, hepatic cancer,
prostate cancer, colorectal cancer, breast cancer, gastric can-
cer, non-small-cell lung cancer, metastatic breast cancer,
head and neck cancers, endometrial cancer, ovarian cancer,
ureter cancer, cervical cancer, esophageal cancer, bladder
cancer, small-cell cancer, non-small-cell cancer, malignant
lymphomas, brain cancer, rectal cancer, and sarcomas. In
certain embodiments, the cancer may be rectal cancer or
brain cancer. Additionally, the cancer may be a pediatric
cancer selected from the group consisting of leukemia, lym-
phoma, Hodgkin’s disease, rhabdomyosarcoma, Ewing’s
sarcoma, osteosarcoma, dysgerminomas, Wilm’s tumor,
retinoblastoma, ependymoma, and medulloblastoma.

[0011] In other embodiments of the mvention, the radio-
sensitizing agent 1s IUdR. Furthermore, the prodrug of
[UdR, 5-10do-2-pyrimidinone-2'-deoxyribose (IPdR), may
be used.

[0012] In another aspect, the mvention includes a kit for
providing a method for treating cancer 1n a patient in need of
such treatment by 1irradiating cancerous cells 1n the patient.
The kit may mclude 5-10do-2'-deoxyuridine (IUdR) or a
prodrug thereol. The kit may also include a thymidine phos-
phorylase inhibitor such as, for example, Tipiracil. In addi-
tion, the kit may include structions for use of IUdR or a
prodrug thereof and the thymidine phosphorylase mhibitor
in combination with radiation therapy for treating cancer in
the patient 1n need of such treatment.

[0013] In a further aspect, the mvention includes a phar-
maceutical composition for sensitizing cancerous cells to
radiation. The composition may include a radiosensitizing
agent that 1s metabolized by thymidine phosphorylase. Spe-
cifically, the radiosensitizing agent may include 5-10do-2'-
deoxyuridine (IUdR) or a prodrug thereof. Moreover, the
composition may mclude a thymidine phosphorylase 1nhibi-
tor that prevents the metabolism of the radiosensitizing
agent by thymidine phosphorylase. The composition may
also include one or more physiologically compatible carrier
mediums.
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[0014] In certain embodiments, the thymidine phosphory-
lase inhibitor may mclude Tipiracil. Moreover, the physio-
logically compatible carrier medium may include one or
more of a solvent, diluent, liquid vehicle, dispersion aid,
suspension aid, surface agent, 1sotonic agent, thickening
agent, emulsifymg agent, preservative, solid binder, lubri-
cant, and filler.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregomg summary and the following detailed
description of the exemplary embodiments described heren
may be turther understood when read 1n conjunction with
the appended drawings, 1 which:

[0016] FIG. 1 diagrammatically illustrates the separate
biological pathways of IUdR 1 vivo that lead to degradation
or DNA mcorporation, which results mn radiosensitizing
activity.

[0017] FIGS. 2A to 2C illustrate log-linear plots of plasma
concentration of IUdR 1n rats following oral administration
of IUdR at 100 mg/kg without Tipiracil (FIG. 2A) and with
Tipiracil at 7.9 mg/kg (FIG. 2B). FIG. 2C 1llustrates a log-
lmear plot of the means of FIGS. 2A and 2B. Compound A
= JUdR, Compound B = Tipiracil.

[0018] FIGS. 3A to 3C 1illustrate log-linear plots of plasma
concentration of IUdR 1n rats following oral administration
of IUdR at 20 mg/kg without Tipiracil (F1G. 3A) and with
Tipiracil at 7.9 mg/kg (FIG. 3B). FIG. 3C illustrates a log-
linear plot of the means of FIGS. 3A and 3B. Compound A
= JUdR, Compound B = Tipiracil.

[0019] FIG. 4 illustrates the difference in plasma concen-
tration of IUdR 1 rats following oral administration of
IUdR at 100 mg/kg and 20 mg/kg with and without Tipira-

cil. Compound A = IUdR, Compound B = Tipiracil.
DETAILED DESCRIPTION OF THE INVENTION

[0020] Radiation therapy (RT) 1s an effective modality for
the treatment of cancers. Strategies to improve the therapeu-
tic ndex of RT have been focused on precise targeting of the
tumors to deliver a sufficient radiation dose to control the
tumor while limiting doses to normal tissues to reduce unde-
sirable side effects.

[0021] The therapeutic index of RT can be mmproved by
usig agents with radiation sensitizing properties. Cytotoxic
chemotherapeutic agents that enhance the killing effects of
RT when given concomitantly with RT mclude S-fluoroura-
cil (5-FU), capecitabme (an oral 5-FU prodrug), cisplati-
num, oxaliplatinum, and, to a lesser extent, mitomycin-C,
gemcitabine, taxol, and temozolomide, as well as some bio-
logics. However, these cytotoxic agents have their own sin-
gle agent toxicities: the antimetabolites, 5-FU and capecita-
bme toxicities mclude myelosuppression, oral mucositis,
vomiting, diarrhea, fatigue, and hand-foot syndrome. Oxali-
platinum added to 5-FU and RT enhance normal tissue toxi-
cities, which include peripheral neuropathy and fatigue.
[0022] The halogenated thymidine (TdR) analogs, bromo-
deoxyuridine (BUdR) and 1ododeoxyuridine (IUdR), for
example, are a class of pyrimidine analogs that have been
recognized as potential radiosensitizing agents since the
carly 1960s. As shown 1n FIG. 1, their cellular uptake and
metabolism are dependent on the TdR salvage pathway
where they are mitially phosphorylated to the monopho-
sphate derivative by the rate-limiting enzyme, thymidine
kmase (TK). After sequential phosphorylation to tripho-
sphates, they are then used in DNA replication, in competi-
tion with deoxythymidine triphosphate (d1TP), by DNA
polymerase. Indeed, DNA imcorporation 1s a prerequisite
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tor radiosensitization of human tumors by the halogenated
TdR analogs, and the extent of radiosensitization correlates
directly with the percentage TdR replacement in DNA.
Without being lmmited to any one theory of activity, the
molecular mechanisms of radiosensitization are most likely
related to the increased susceptibility of TdR analog-substi-
tuted DNA to the generation of highly reactive uracil free
radicals by 1on1zing radiation (IR), which may also damage
unsubstituted complementary-strand DNA. Pre-IR exposure
to TdR analogs may also reduce cellular repair of IR
damage.

[0023] Halogenated TdR analogs represent viable radio-
sensitizers 1 cancer treatment strategies that include radia-
tion therapy. However, the TdR analogs may be rapidly
metabolized m both rodents and humans, principally with
cleavage of deoxyribose and subsequent dehalogenation by
hepatic and extrahepatic metabolism, when given as a bolus
infusion with a plasma half-life of <5 min. Consequently,
prolonged continuous or repeated intermittent drug infu-
sions over several weeks before and during irradiation are
necessary, based on 1n vivo human tumor Kinetics, to max-
imize the proportion of tumor cells that imncorporate TdR
analogs during the S phase of the cell cycle. Phase I and 11
trials using prolonged continuous or repeated intermittent
intravenous infusions of BUdR or IUdR before and during
radiation therapy have focused principally on patients with
high-grade bramn tumors. These clinically radioresistant
tumors can have a rapid proliferation rate (potential tumor
doubling times of 5-15 days) and are surrounded by nonpro-
liferating normal brain tissues that show little to no DNA
incorporation of the TdR analogs. As such, high-grade
brain tumors are 1deal targets for this approach to
radiosensitization.

[0024] The results of Phase I/II clinical trials suggest an
improved outcome compared to radiation therapy alone 1n
patients with anaplastic astrocytomas and possibly 1n
patients with glioblastoma multiforme. A therapeutic gam
in clinical radiosensitization using halogenated TdR analogs
may also exist for other types of poorly radioresponsive
(radioresistant) cancers, including locally advanced cervical
cancer, head and neck cancers, unresectable hepatic metas-
tases from colorectal cancers, and locally advanced sarco-
mas, based on Phase I/II clinical trials. However, systemic
toxicity to rapidly proliferating normal tissues (principally
bone marrow and mtestine) can limit the duration and dose
rate of the drug infusion and consequently may himt the
extent of human tumor radiosensitization. Indeed, the use
of high dose, short (96 h), mtermittent intravenous mfusions
of BUdR can result m significant systemic myelosuppres-
sive and dermatological toxicities.

[0025] Varnious pharmacological approaches have been
attempted experimentally and clinically to improve the ther-
apeutic gain of halogenated TdR analog radiosensitization
in poorly radioresponsive (or climically radioresistant)
human tumors. The use of selective intra-arterial infusions,
to thereby increase tumor bed drug concentrations, has been
used clinically for primary brain tumors and hepatic metas-
tases with a modest improvement i therapeutic gain.
Expennmentally, biochemical modulation of the key
enzymes mvolved i TdR analog metabolism (e.g., TK) or
in the maintenance of cellular deoxyribonucleotide tripho-
sphate pools (both thymidylate synthase and ribonucleotide
reductase) have been studied using mn vitro and 1 vivo
human tumor systems. Biochemical modulation of thymidy-
late synthase has also been attempted m clinical Phase 1
trials using concomitant continuous mifusions of IUdR
with either fluorodeoxyuridine (FUdR) or folinic acid (leu-
covorin), but no significant improvements 1n the therapeutic




US 2023/0302034 Al

gamn for radiosensitization were found compared to IUdR
infusions alone.

[0026] Regarding the mechanmism of radiation therapy,
cells die as a result of irreversible DNA strand breaks caused
by 1rradiation, which mterfere with cell division and prolit-
eration. Nucleoside analogs, such as 5-10do-2'-deoxyuridine
(IUdR) and 5-bromo-2'-deoxyuridine (BUdR), are agents
that “falsely” incorporate mto DNA to render cells more
susceptible to the lethal effects of RT by two-three fold, as
compared to cells without the defective DNA. The magni-
tude of radiosensitization correlates directly with the %
IUdR-DNA cellular replacement. Determination of %
IUdR-DNA 1ncorporation can serve as a radiosensitization
biomarker. Additionally, 1n a small series of patients with
head and neck cancers or liver metastases from colorectal
cancer, the %IUdR-DNA 1ncorporation 1n tumors ranged
to 5%, but was less than 1% 1n adjacent normal tissue,
further supporting a therapeutic window for IUdR-mediated
radiosensitization. Although IUdR has clear potential as a
climcally active radiosensitizer, its development has been
lmmited by the need for prolonged ¢1 (intra-arterial or mtra-
venous), before and during RT, to radiosensitize tumors.
Prolonged c¢1 of IUdR resulted i myelosuppression and
acute GI toxicities, limiting the tolerated doses and the
potential for clinical radiosensitization. However, the mven-
tion maximizes the potential of radiosensitizing agents, such
as IUdR, 1n sensitizing cancerous cells and tissues to radia-
tion by reducing metabolic degradation during treatment.
[0027] As described above, IUdR 1s a radiation sensitizer
with a short plasma halt-life (T.,). In the field, this requires
drug delivery by continuous mfusion to achieve and main-
tain the necessary therapeutic levels. By combiming IUdR
with a thymidme phosphorylase inhibitor, the plasma T.,
may be increased to improve IUdR incorporation into
DNA and enhance the radiation sensitization of cancers.
[0028] Tipiracil, an exemplary TPI, prevents a,a,a-trifluor-
othymidine (F'TD) degradation, enabling higher blood con-
centrations of FTD while allowing for oral admimistration of
the combiation of an anticancer therapeutic that includes

FTD and TPI (1.€., TAS102) m a molar ratio of 1:0.5. See,
e.g., U.S. Pat. Nos. 5,744,475, 6,479,500, and 7,799,783; the

entireties of which are incorporated herein by reference.

H

Tipiracil

[0029] The potent radiosensitizer IUdR lacks single agent
efficacy as an anticancer agent. Morcover, IUdR’s commer-
clalization has been lmmited by 1its short T., in plasma,
requiring constant infusion delivery, and the associated
hematologic and GI toxicities. As set forth herein, enzy-
matic degradation of IUdR may be limited by the additional
delivery of a TPI with IUdR, thereby resulting n the: (1)
increased etficacy of radiation therapy; and (2) reduced toxi-
city by avoiding constant mfusion delivery. Additionally, by
delivering IUdR 1n a formulation with TPI, IUdR degrada-
tion 1n the gut will also be attenuated, permitting oral deliv-
ery of a combination drug formulation.

[0030] Accordingly, IUdR and a TPI can be delivered
orally to patients prior to radiation therapy in separate drug
dosages, as a single combmation drug preparation, or as a
rapid IV infusion. Inhibition of IUdR metabolism will lead
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to mcreased bioavailability for imncorporation into cancer
DNA and enhanced cellular response to 1omzing radiation.
[0031] Regarding the mvention more broadly, the imnven-
tion 1includes methods and formulations for treating cancer
In a patient that may be m need of such treatment, which
may preliminarily mclude sensitizing cancerous cells and
tissues to radiation therapy. Generally, the methods
described herein may mclude the administration of a radio-
sensitizing agent and a thymidine phosphorylase inhibitor
(TPI). The administration of the radiosensitizing agent and
the TPI may be followed by the application of radiation ther-
apy. Radiation sensitizing agents may be defined as com-
pounds that sensitize cancerous or neoplastic cells to radia-
tion therapy. Moreover, the methods described herein may
include the admimstration of a radiommmetic therapeutic
agent 1n addition to the application of radiation therapy.
[0032] The term “neoplastic disease” refers to a prolifera-
tive disorder caused or characterized by the proliferation of
cells, which are unrestrained by normal growth control. The
term “cancer’ includes benign and malignant tumors and
any other proliferative disorders (e.g., the formation of
metastasis). Cancers of the same tissue type m general ori-
oinate from the same tissue, and are for example divided
into different subtypes based on their biological characteris-
tics. Specific examples of cancers that may be treated by the
methods and compositions described heremn include solid
tumors and may mclude pancreatic cancer, prostate cancer,
hepatic cancer, colorectal cancer, breast cancer, gastric can-
cer, non-small-cell lung cancer, metastatic breast cancer,
head and neck cancers, endometrial cancer, ovarian cancer,
ureter cancer, cervical cancer, esophageal cancer, bladder
cancer, ovarian cancer, small-cell cancer and non-small
cell cancer, malignant lymphomas, brain cancer (¢.g, malig-
nant glioma), sarcomas, and rectal cancer. In certain aspects,
the methods described herein pertain to treatments for brain
cancer and rectal cancer.

[0033] As used herein, the terms “administer,” “adminis-
tration” or “administering” refer to (1) providing, giving,
dosing, and/or prescribing by either a health practitioner or
his authorized agent or under his or her direction according
to the disclosure; and (2) putting into, taking, or consuming
by the patient or person himself or herself, according to the
disclosure.

[0034] As used heren, the terms “treat,” “treatment,” and/
or “treating” may refer to the management of a disease, dis-
order, or pathological condition (e.g., cancer or neoplastic
disorder) with the intent to cure, ameliorate, stabilize, pre-
vent, or control of the disease, disorder, or pathological con-
dition. Regarding control of the disease, disorder, or patho-
logical condition more specifically, “control” may include
the absence of disease progression, as assessed by the
response to the methods recited herein, where such response
may be complete (e.g., placing the disease m remission) or
partial (e.g., slowing the spread of cancerous cells and tis-
sues and/or preventing, slowing, or halting metastasis). For
example, a patient responding to the methods of treatment
disclosed herein may exhibit the absence of disease progres-
sion (e.g., halting the growth and/or spread of neoplastic
cells and tissues) over another patient that does not receive
the methods of treatment described herem. Following treat-
ment, 1 no detectable evidence of residual cancer 1s found 1n
a tissue sample, the response to treatment may be considered
a “pathologic complete response” or “pCR. ”

[0035] In accordance with the invention, the methods may
include the administration of a therapeutically effective
amount of a radiosensitizing agent to a patient 1n order to
sensitize neoplastic or cancerous cells and tissue to radia-
tion. As used herein, the term “radiosensitizing agent”
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which may be read also as a “radiosensitizer” denotes an
agent having an effect of enhancing the sensitivity of can-
cerous and/or neoplastic cells to radiation.

[0036] Preferably, the radiosensitizing agents described
herein include halogenated nucleosides and their analogs.
For example, radiosensitizing agents described herein
include 5-10do-2'-deoxyuridine (IUdR) and prodrugs
thereof.  5-10do-2-pyrimidinone-2'-deoxyribose  (IPdR)
represents a specific IUdR prodrug. Certam additional halo-
oenated nucleosides that may be used 1n accordance with the
invention mclude one or more PdR analogs described in
U.S. Pat. No. 5,728,684, the entirety of which 1s mcorpo-
rated herein by reference. In a preferred aspect, the radio-
sensitizing agent described herein 1s IUdR.

[0037] The agents utilized 1n the invention may be adma-
nistered as such, or in a form from which the active agent
can be derived, such as a prodrug. A “prodrug” 1s a deriva-
tive of a compound described herein, the pharmacologic
action of which results from the conversion by chemaical or
metabolic processes 1n vivo to the active compound. For
instance, as set forth heremn, IPdR 1s a prodrug of IUdR.
Prodrugs may include compounds wherein an amimo acid
residue, or a polypeptide chain of two or more (e.g., two,
three or four) amino acid residues 1s covalently joined
through an amide or ester bond to a free amino, hydroxyl
or carboxylic acid group of the radiosensitizing agent or
radiomimetic therapeutic agent. The amino acid residues
include but are not limited to the 20 naturally occurring
amino acids commonly designated by one or three letter
symbols but also include, for example, 4-hydroxyproline,
hydroxylysine, desmosime, 1sodesmosine, 3-methylhisti-
dine, beta-alamine, gamma-aminobutyric acid, citrulline,
homocysteine, homoserine, ornithine and methionine sul-
fone. Additional types of prodrugs are also encompassed.
For instance, free carboxyl groups can be derivatized as
amides or alkyl esters. Prodrug esters as employed herein
includes esters and carbonates formed by reacting one or
more hydroxyls of compounds of the method described
heremm with alkyl, alkoxy, or aryl substituted acylating
agents employing procedures known to persons having
ordinary skill in the art to generate acetates, pivalates,
methylcarbonates, benzoates and the like. As further exam-
ples, free hydroxyl groups may be derivatized using groups
including but not limited to hemisuccinates, phosphate
esters, dimethylaminoacetates, and phosphoryloxymethy-
loxycarbonyls, as outlined in Advanced Drug Delivery
Reviews, 1996, 19, 115. Carbamate prodrugs of hydroxyl
and amino groups are also mcluded, as are carbonate pro-
drugs, sulfonate prodrugs, sulfonate esters and sulfate esters
of hydroxyl groups. Free amines can also be derivatized to
amides, sulfonamides or phosphonamides. All of the stated
prodrug moieties may incorporate groups including but not
lmmited to ether, amine and carboxylic acid functionalities.
Moreover, any compound that can be converted 1n vivo to
provide the bioactive agent (e.g., IPdR to IUdR) 1s a prodrug
within the scope and spirit of the mvention.

[0038] Referring to certain  radiosensitizing agents
described heremn more specifically, IUdR and IPdR (a pro-
drug of IUdR) are particularly preferred agents. IUdR (5-
10do-2'-deoxyuridine) 1s a halogenated thymidine analog
that 1s an effective m vitro and 1n vivo radiosensitizer. The
% IUdR-DNA cellular replacement correlates directly with
the extent of radiosensitization. While IUdR has been found
to be a climically active radiosensitizer, 1t requires prolonged
continuous intra-arterial or mtravenous mnfusions prior to or
during radiation therapy to optimize tumor radiosensitiza-
tion. However, prolonged continuous infusion presents a
challenge 1 the setting of outpatient radiation therapy and
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results 1n myelosuppression and acute GI toxicities that limuat
the dose and duration of IUdR treatment.

[0039] Administering a radiosensitizing agent, a TPI, and/
or a radiomimetic agent disclosed heremn may be accom-
plished by any means known to a person skilled n the art.
The radiosensitizing agents (or optional radiomimetic ther-
apeutic agents) used m practicing the methods described
herein may be administered 1n an amount sufficient to
induce the desired therapeutic effect m the recipient thereof.
Thus, the term “therapeutically effective amount™ as used
herein refers to an amount of the agent which 1s sufficient
to (1) sensitize the cancerous and/or neoplastic cells and tis-
sues to radiation; and/or (2) bring about a detectable thera-
peutic, preventative, or ameliorative effect (e.g., reduce the
quantity of cancerous and/or neoplastic cells). For example,
the therapeutically effective amount of a radiosensitizing
agent may be that amount that enhances the inhibitory or
damaging effect of radiation on cancer cells by at least
10%, at times by at least 20%, 30%, 40%, 50%, 60%, 70%
80%, 90% and even at times by 99-100% of the inhibitory or
damaging ettect of the radiation on the cancer cells as com-
pared to the effect of radiation of the same cancerous and/or
neoplastic cells, without sensitization. Moreover, the magni-
tude of radiosensitization may be correlated directly to the
false incorporation of radiosensitizing agent mto suspect
DNA. For example, radiosensitization may be correlated
directly with the %IUdR-DNA cellular replacement. In
fact, the determination of %IUdR-DNA 1ncorporation can
serve as a radiosensitization biomarker during treatment.
[0040] The radiosensitizing agents described herein may
be administered 1n one or more doses, at least a portion
thereof being given to the patient prior to the patient’s expo-
sure to radiation. When a treatment schedule involves
administration of several doses of the agent, the doses may
be the same or different, for example, escalating or de-esca-
lating amounts per administration. In addition, when reter-
ring to a radiosensitizing agent 1t should be understood as
also encompassing a combination of such agents.

[0041] The radiosensitizing agents described herein are
applicable for treating disease mn any mammal. Exemplary
mammals included laboratory animals, including rodents
such as mice, rats and guinea pigs; farm animals such as
cows, sheep, pigs and goats; pet animals such as dogs and
cats; and primates such as monkeys, apes, and humans. The
compounds used 1n the methods described herein are preter-
ably used 1n the human treatments.

[0042] In conjunction with the radiosensitizing agents, the
methods described herein further include the delivery of a
compound that mhibits thymidine phosphorylase. As
described herein, IUdR may be degraded in vivo by the
enzyme thymidine phosphorylase. Therefore, i order to
prolong the IUdR half-life m vivo and inhibit a primary
route of degradation, the mvention may include delivering
a thymidine phosphorylase mhibitor to a patient 1 conjunc-
tion with one or more radiosensitizing agents that are meta-
bolized by thymidine phosphorylase, such as IUdR and 1ts
prodrug, IPdR. The route of IUdR metabolism by thymidine
phosphorylase 1s shown 1n FIG. 1. In certain embodiments,
the thymidine phosphorylase inhibitor (TPI) may be Tipira-
cil (1.e., 5-chloro-6-(1-(2-tminopyrrolidinyl)methyl)uracil
hydrochloride). Certain thymidine phosphorylase inhibitors,
including Tipiracil, and uses thereof, are described mm U.S.
Pat. Nos. 5,744,475; 6,159,969; 6,294,535; and 7,799,783;
the entirety of which are icorporated herem by reference.
Accordingly, a “selected eftective amount” of a TPI may be
defined as an amount delivered to a patient 1n conjunction
with a radiosensitizing agent that 1s effective to detectably
prevent, hinder, or otherwise mhibit metabolic degradation
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of the radiosensitizing agent as compared to administration
of the radiosensitizing agent m the absence of the selected
etfective amount of the TPI. For example, the radiosensitiz-
ing agent and TPI may be admmistered mm a molar ratio of
about 1.0:0.5, respectively.

[0043] The method may further include wmradiating a
selected tissue of the patient before, during, and/or after a
radiation sensitizing agent has been administered to the
patient. Regarding the application of radiation (1.¢., “radia-
tion therapy”) to the patient or subject more generally, such
therapy may encompass any 1onizing radiation known to
those having ordinary skill in the art. Generally, radiation
therapy, and m particular 1omizing radiation includes apply-
ing to a selected tissue, such as a selected tissue comprising
cancerous and/or neoplastic cells, a dose of 1omzing radia-
tion or two or more fractions of 1onizing radiation. The
1on1zing radiation 1s defined as an wrradiation dose which 1s
determined according to the disease’s characteristics at the
selected tissue and therapeutic decision of a physician. The
term ““fractionated dose(s)” may include, for example, con-
ventional fractionation, hyperfractionation, hypoliractiona-
tion, and accelerated fractionation. The amount of radiation
and doses thereof should be sufficient to damage the highly
proliferating cells’ genetic material, making 1t 1impossible
for the mrradiated cells to continue growing and dividing.
[0044] The fractionated wrradiation may vary from daily
doses (e.g., one or more times per day) given for a period
of weeks, or to once weekly doses given for a period of
weeks or months. Radiation may be applied i dosages of
about 1 Gy to about 100 Gy, or about 20 to about 80 Gy, or
about 30 to 60 Gy.

[0045] The dosage 1n certain embodiments 1s fractionated,
which means that, from about 0.1 to about 10 Gy or from
about 1 Gy to about 5 Gy or from about 1 Gy to about 3 Gy
are applied 1n a single session which 1s repeated several
times over the course of about 1 to 10 weeks, or preferably
about 2 to 5 weeks. In a certain aspect, the radiation dose
may be about 30 to 60 Gy at 1 to 3 Gy fractions over a period
of about 2 to 5 weeks.

[0046] Additionally, the cancers treated by the methods
and compositions described herein may include certain
pediatric cancers that are treated in the field with limited
doses of radiation Such pediatric cancers include one or
more of leukemia, lymphoma, Hodgkin’s disease, rhabdo-
myosarcoma, Ewing’s sarcoma, osteosarcoma and other
pediatric soft tissue sarcomas, dysgerminomas, Wilm’s
tumor, retinoblastoma, ependymoma, and medulloblastoma.
Typically, radiation fields that encompass growing bones
and tissues need to be limited to levels that will not impair
orowth 1 growing children. For example, doses of
1080 ¢Gy are given for neuroblastoma, 1500 to 1800 cGy
for lymphomas, 2400 c¢Gy for cramal and 1800 c¢Gy for
spinal radiation therapy in CNS leukemias. The administra-
tion of such radiation levels would be understood by a per-
son having ordinary skill in the art i light of the present
specification.

[0047] In some embodiments, the radiosensitizing agents
and/or thymidine phosphorylase mhibitors (TPIs) used n
the methods described herein may be administered at a
dose as described hereimn. Such doses may be provided
one or more applications per day to produce a desired result.
For example, radiosensitizing agents and thymidine phos-
phorylase mhibitors described herein may be administered
once or twice daily at a dose as described herein.

[0048] In some embodiments, the radiosensitizing agents
and/or thymidine phosphorylase mhibitors (TPIs) used mn
the methods described herein may be administered at a
dose 1n a range from about 0.01 mg/M?2 to about 5000 mg/
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M2, A dose of from 0.1 to 3000 mg/M2, or from 100 to
2000 mg/M? 1n one or more applications per day may be
etfective to produce a desired result. For example, radiosen-
sitizing agents described herein may be administered once
or twice daily at a dose 1n a range of about 0.01 to 3000 mg/
M2, Indeed, radiosensitizing agents described herein (e.g.,
[PdR) may be administered at a dose 1n a range from about
1500 to 2000 mg/M?=.

[0049] In some embodiments, a dose (mg/kg) of the thy-
midine phosphorylase mhibitor (1.e., Tipiracil) may be
greater than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%,
21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%,
41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%,
51%, 32%, 53%, 54%, 55%, 56%, 37%, 58%, 59%, 60%,
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%,
T1%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%
or 100% of a dose (mg/kg) of the radiosensitizing agent
(e.g., IPAR or IUdR) when the thymidine phosphorylase
inhibitor and the radiosensitizing agent are delivered
combination to a patient, as described herein.

[0050] In some embodiments, a dose (mg/kg) of the thy-
midine phosphorylase inhibitor (1.e., Tipiracil) may be less
than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%,
12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%,
22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%,
32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%,
42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%,
52%, 33%, 54%, 55%, 56%, 57%, 38%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
2%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%,
99.9% or 100% of a dose (mg/kg) of the radiosensitizing
agent (e.g., IPAR or IUdR) when the thymidine phosphory-
lase mhibitor and the radiosensitizing agent are delivered n
combination to a patient, as described herein.

[0051] In some embodiments, a dose (mg/kg) of the thy-
midine phosphorylase inhibitor (1.e., Tipiracil) may be about
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%,
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%,
23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%,
33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%,
43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%,
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%,
99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or
100% of a dose (mg/kg) of the radiosensitizing agent (e.g.,
IPdR or IUdR) when the thymidine phosphorylase mhibitor
and the radiosensitizing agent are delivered 1n combination
to a patient, as described herein.

[0052] In some embodiments, a dose (mg/kg) of the thy-
midine phosphorylase inhibitor (1.¢., Tipiracil) may be 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%,
24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%,
44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 32%, 53%,
54%, 53%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%, 63%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
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74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%,
99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or 100% of a
dose (mg/kg) ot the radiosensitizing agent (e.g., IPdR or
IUdR) when the thymidine phosphorylase mhibitor and the
radiosensitizing agent are delivered in combination to a
patient, as described herein.

[0053] In some embodiments, a dose of the radiosensitiz-
ing agent (¢.g., IPAR or IUdAR) may be greater than 0.01, 0.1,
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 30, 51,
52,53, 54, 55, 36, 57, 538, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71,72,73,74,73,76, 77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90,91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155,
160, 165, 170, 175, 180, 183, 190, 195, or 200 mg/kg.
[0054] In some embodiments, a dose of the radiosensitiz-
ing agent (¢.g., IPdR or IUdR) may be less than 0.01, 0.1, 1,
2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15,16, 17, 18, 19, 20,
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 33, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
33, 54, 53, 56, 57, 58, 39, 60, 61, 62, 63, 64, 63, 66, 67, 68,
69,70, 71,72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84,
83, 86, 87, 88, 89, 90, 91, 92, 93,94, 95,96, 97, 98, 99, 100,
105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160,
165, 170, 175, 180, 185, 190, 193, or 200 mg/kg.

[0055] In some embodiments, a dose of the radiosensitiz-
ing agent (e.g., IPAR or IUdR) may be about 0.01, 0.1, 1, 2,
3,4,5,6,7,8,9,10,11,12,13, 14, 15,16, 17,18, 19,20, 21,
22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 33, 36, 37,
38, 39,40, 41,42, 43, 44, 43, 46, 47, 48, 49, 50, 51, 32, 33,
54, 55, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71, 72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
105, 110, 115, 120, 125, 130, 133, 140, 145, 150, 133, 160,
165, 170, 175, 180, 185, 190, 193, or 200 mg/kg.

[0056] In some embodiments, a dose of the radiosensitiz-
ing agent (e.g., IPdR or IUdR) may be 0.01,0.1, 1,2, 3,4, 5,
6,7,8,9,10,11,12,13,14,15,16,17,18, 19,20, 21,22, 23,
24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 33, 54, 55,
56, 57, 538, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73, 74,753,76, 77,778,779, 80, 81, 82, 83, 84, 83, 86, 87,
88, 89, 90, 91, 92, 93, 94, 93, 96, 97, 98, 99, 100, 103, 110,
115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170,
175, 180, 183, 190, 193, or 200 mg/kg.

[0057] In some embodimments, a dose of the thymidine
phosphorylase mhibitor (1.¢., Tipiracil) may be greater than
0.01,0.1,1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 33, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 34, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69,70, 71, 72,73,74,75,76,77,78,79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, or 100 mg/kg.

[0058] In some embodimments, a dose of the thymidine
phosphorylase 1hibitor (1.¢., Tipiracil) may be less than
0.01,0.1,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 33, 54, 35, 56, 57, 58, 39, 60, 61, 62, 63, 64,
63, 66, 67, 68, 69,70, 71,72,73,74,75,76,77,78, 79, 80,
81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 93, 96,
97, 98, 99, or 100 mg/kg.

[0059] In some embodiments, a dose of the thymidine
phosphorylase mhibitor (1.¢., Tipiracil) may be about 0.01,
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0.1,1,2,3,4,5,6,7,8,9,10,11, 12,13, 14,15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 30,
51, 52, 33, 54, 55, 56, 57, 38, 39, 60, 61, 62, 63, 64, 65, 66,
67, 68,69, 70,71,72,73,74,75,76,77,78,79, 80, 81, 82,
83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100 mg/kg.

[0060] In some embodiments, a dose of the thymidine
phosphorylase mhibitor (1.¢., Tipiracil) may be 0.01, 0.1, 1,
2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 33, 36,
37,38, 39,40, 41, 42, 43, 44, 453, 46, 47, 48, 49, 50, 31, 32,
33, 54, 53, 56, 57, 38, 59, 60, 61, 62, 63, 64, 63, 66, 67, 68,
69, 70,71, 72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 93, 96, 97, 98, 99, or
100 mg/kg.

[0061] In some embodiments, a dose of the thymidine
phosphorylase mhibitor (1.e., Tipwracil) may be 0.1 to
100 mg/kg, or 1 to 50 mg/kg.

[0062] Of course, as those skilled 1n the art will appreciate,
the dosage actually administered will depend upon the con-
dition being treated, the age, health and weight of the reci-
pient, the type of concurrent treatment, 1f any, and the fre-
quency of treatment. Moreover, the etfective dosage amount
may be determined by one skilled m the art on the basis of
routine empirical activity testing to measure the bioactivity
of the agents 1 a bioassay (either in vitro or 1n vivo), and
thus establish the appropriate dosage to be administered.
[0063] In general, the agents used 1n the methods
described herein can be administered to provide radiosensi-
tization as set forth above using any acceptable route known
in the art, either alone or 1n combination with one or more
TPIs or other therapeutic agents as pharmaceutical compo-
sitions with a physiologically compatible carrier medium.
Thus, the agent(s) described heremn can be admimistered
orally, parenterally, such as by intravenous or intraarterial
infusion, mtramuscular, mtraperitoneal, intrathecal or sub-
cutaneous 1njection, by liposome-mediated delivery, rect-
ally, vagially, by inhalation or msufflation, transdermally
or by otic delivery.

[0064] The orally administered dosage unit may be in the
form of tablets, caplets, dragees, pills, semisolids, soft or
hard gelatin capsules, aqueous or oily solutions, emulsions,
suspensions or syrups. In some embodiments, an orally
administered dosage umit may include a radiosensitizing
agent and a thymidine phosphorylase inhibitor. In some
embodiments, an orally administered dosage unit may
include a radiosensitizing agent, a thymidine phosphorylase
inhibitor, and a radiomimetic therapeutic agent. For exam-
ple, an orally administered dosage unit may be a multi-com-
ponent tablet (e.g., a multilayer tablet) having one or more
components where each component may be composed of a
radiosensitizing agent, a thymidine phosphorylase mhibator,
a radiomimetic therapeutic agent, or a combination thereof.
Indeed, a multi-component tablet may have an inner compo-
nent (€.g., a core) and an outer component (e€.g., a coating
layer or shell) where the outer component may be dissolved
or degraded to release a first agent and the mner component
may then be dissolved or degraded to release a second agent.
Certamn pharmaceutical compositions described herein may
be prepared as solid dosage forms that include a multi-com-
ponent or multi-layer tablet. The multi-component tablet
may have an inner component (€.g., a core) that includes a
radiosensitizing agent (e.g., IUdR or IPdR) and a first phy-
siologically compatible carrier medium; and an outer com-
ponent (¢.g., a coating layer or shell) disposed around the
inner component that includes a thymidine phosphorylase
inhibitor (e.g., Tipiracil) and a second physiologically com-
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patible carrier medium. The first and second physiologically
compatible carrier mediums may be the same or different.
[0065] Suitable dosage forms for parenteral administra-
tion include injectable solutions or suspensions, supposi-
tories, powder formulations, such as microcrystals or acro-
sol spray. The active agents of the mvention may also be
incorporated 1nto a conventional transdermal delivery
system.

[0066] As used herein, the expression “physiologically
compatible carrier medium™ includes any and all solvents,
diluents, or other liquid vehicle, dispersion or suspension
aids, surface agent agents, 1sotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants,
fillers and the like as suited for the particular dosage form
desired. Remington: The Science and Practice of Pharmacy,
20 edition, A.R. Genaro et al., Part 5, Pharmaceutical
Manufacturing, pp. 669-1015 (Lippincott Williams & Wilk-
1ins, Baltimore, MD/Philadelphia, PA) (2000) discloses var-
1ous carriers used 1in formulating pharmaceutical composi-
tions and known techmiques for the preparation thereof.
Except insofar as any conventional pharmaceutical carrier
medium 18 1incompatible with either the radiosensitizing,
TPI, or radiomimetic therapeutic agents described herein,
such as by producing an undesirable biological effect or
otherwise interacting 1 an deleterious manner with any
other component(s) of a formulation comprising such com-
pounds or agents, 1ts use 1s contemplated to be within the
scope of this invention.

[0067] For the production of solid dosage forms, including
hard and soft capsules, the agents described herein may be
mixed with pharmaceutically inert, morganic or organic
excipients, such as lactose, sucrose, glucose, gelatine,
malt, silica gel, starch or derivatives thereof, talc, stearic
acid or 1ts salts, dried skim milk, vegetable, petroleum, ani-
mal or synthetic oils, wax, fat, polyols, and the like. For the
production of liquid solutions, emulsions or suspensions or
SYrups one may use excipients such as water, alcohols, aqu-
eous saline, aqueous dextrose, polyols, glycerine, lipids,
phospholipids, cyclodextrins, vegetable, petroleum, animal
or synthetic oils. For suppositories one may use excipients,
such as vegetable, petroleum, animal or synthetic oils, wax,
fat and polyols. For acrosol formulations, one may use com-
pressed gases suitable for this purpose, such as oxygen,
nitrogen and carbon dioxide. Pharmaceutical compositions
or formulations may also contaimn one or more additives
including, without limitation, preservatives, stabilizers,
e.g., UV stabilizers, emulsifiers, sweeteners, salts to adjust
the osmotic pressure, buffers, coating matenals and
antioxidants.

[0068] The mvention may further include controlled-
release, sustained-release, or extended-release therapeutic
dosage forms for admimistration of the agents described
herem, which mvolve incorporation of the agents mto a sui-
table delivery system. This dosage form controls release of
the active agent(s) m such a manner that an effective con-
centration of the active agent(s) in the bloodstream may be
maintained over an extended period of time, with the con-
centration 1 the blood remaming relatively constant, to
improve therapeutic results and/or mimimze side effects.
Additionally, a controlled-release system would provide
minimum peak to trough fluctuations 1n blood plasma levels
ol the agent.

[0069] In pharmaceutical compositions used 1n practicing
a method described heremn, the specified agent(s) (e.g.,
radiosensitizing agent, TPI, and/or radiomimetic therapeutic
agent) may be present 1 an amount of at least 0.5 and gen-
erally not more than 95% by weight, based on the total
weight of the composition, including carrer medium and/
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or supplemental active agent(s), 1f any. Preferably, the pro-
portion of active agent(s) varies between 30-90% by weight
of the composition.

[0070] The methods described herein may further mclude
the step of surgically resecting a cancerous tissue where the
cancerous tissue includes a solid tumor. Resection of the
cancerous tissue may be performed before or after at least
one of the steps of administering a therapeutically effective
amount of a radiosensitizing agent, administering a selected
eftective amount of a TPI, and applying radiation therapy to
the patient. Resection of the solid tumor may allow for the
mass to be reduced prior to application of the methods
described herein.

[0071] In certain optional embodiments, the methods
described heremn include providing a therapeutically effec-
tive amount of a radiomimetic therapeutic agent to the
patient. An exemplary radiomimetic therapeutic agent that
may be admiistered in conjunction with the radiosensitiz-
ing agents described herem 1s cis-platinum (1€, cis-
diamminedichloroplatinum).

[0072] In accordance with the foregomng methods
described herein, a kit 1s provided that may include a radio-
sensitizing agent (one or more of such agents), a thymidine
phosphorylase mhibitor (TPI) (one or more of such agents),
and 1nstructions for use of the radiosensitizing agent and the
TPI 1n combination with radiation therapy for treating can-
cer or neoplastic disease 1n a patient 1n need of such treat-
ment. Optionally, the kits described herein may mclude one
or more radiomimetic therapeutic agents.

[0073] The kats described herein may be used n the meth-
ods as described herein.

[0074] The embodiments encompassed herein are now
described with reference to the following examples. These
examples are provided for the purpose of illustration only
and the disclosure encompassed herein should 1n no way
be construed as being limited to these examples, but rather
should be construed to encompass any and all variations
which become evident as a result of the teachings provided
herein.

EXAMPLES

Example 1: Evaluation of the Pharmacokinetic Profile
of IUdR (100 mg/kg) and Tipiracil in Rats Following
Single Oral Administration

[0075] The purpose of this study was to determine the
pharmacokinetics parameters of IUdR 1 male Sprague-
Dawley rats tollowing single oral (PO) admimistration
the IUdR (1.¢., Compound A) and Tipiracil (a.e., Com-
pound B).

[0076] A control formulation was prepared where Com-
pound A was dissolved m 5%DMSO+95%PBS to yield a
final concentration of 10 mg/ml. for oral admimistration.
The prepared formulation was white suspension (pH~7).
[0077] A second formulation was prepared where Com-

pound A and Compound B were dissolved 1 5%
DMSO+95%PBS to yield a final concentration of 10 mg/

mL(Compound A) and 0.79 mg/mL (Compound B) for
oral admimnmistration. The prepared formulation was white
suspension (pH~7).

[0078] Anmmal Acquisition and Assignment to Study. A
total of 8 male experimental Sprague-Dawley Rats were
transterred from stock colony, and 6 animals were placed
on study.
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[0079] Dose Admmistration. The test article was adminis-
tered via a smgle oral administration. Dose administration
information 1s presented 1n the following Table 1.
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TABLE 1
Dose Administration
Volume
Animal Group Dose Volume Administered
Number  Number Sex Body Weight (g) Dose Level (img/kg) Dose Conc. (mg/mL}* (mL/kg) (mL) Dose Route* *
101 1 Male 186.1 100 10 10 1.9 PO
102 1 Male 187.2 100 10 10 1.9 PO
103 1 Male 196.1 100 10 10 2.0 PO
201 2 Male 204.5 160 (A) and 7.9 (B} 10 (A) and 0.79 (B) 10 2.0 PO
202 2 Male 206.3 100 (A) and 7.9 (B} 10 (A) and 0.79 (B) 10 2.1 PO
203 2 Male 212.2 100 (A) and 7.9 (B} 10 (A) and 0.79 (B) 10 2.1 PO

*The dose was expressed as free form.

** The animals that dosed via orally were fasted overnight (10-16 hrs} prior to oral administration. Notably, food supply to the animals dosed orally

were resumed 2 hours post-dose.

[0080] Sample Collection and Bioanalysis. Blood samples
(approximately 200 ul/ sample) were collected via jugular
vein at Pre-dose and Post-dose (5 min, 15 min, 30 min, 1 h,
2 h,4h,6h, 8 hand 24 h). Blood samples were placed into
tubes containing K,EDTA and centrifuged conditions at
8000 rpm for 6 minutes at 2-8° C. to separate plasma from
the samples. Followimg centrifugation, the resulting plasma
were transierred to clean tubes and stored frozen at -80° C.
pending bioanalysis.

[0081] Pharmacokinetic Analysis. The PK analysis and
interpretation of the results were conducted by Medicilon
Preclinical Research (Shanghai) LLLC. A non-compartmen-

tal module of WinNonlin® Professional was used to calcu-
late parameters. Any BLQs (LLOQ = 10.0 ng/mL for Com-

pound A) were omitted when calculate the PK parameters.
[0082] Clinical Observations. No abnormal observations

were noted.
[0083] Results. The results of the study are provided m

Tables 2 to 4 and FIGS. 2A to 2C.

TABLE 3

Selected pharmacokinetics parameters of Compound A 1n rats following
oral administration

PO-20 (Compound A) mg/kg

Animal Ty, T nax Conax AUCyu.py AUCp.y MRT oo
Number h h ng/ml.  ng/mL*h ng/mL*h h
101 NA 2.00 773.62  2214.79 NA NA
102 0.89 0.50 75539 2609.22 2627.28 2.29
103 NA 2.00 94379  3324.55 NA NA
Mean NA 1.50 824.27  2716.19 NA NA
SD NA 0.87 103.91 562.56 NA NA

PO-20 (Compound A) + 7.9 (Compound B) mg/kg

Animal Ty, T nax Conax AUCwh.n AUCh.y MRT o0
Number h h ng/ml. ng/mL*h ng/mL*h h
201 0.81 0.50 1826.53 4723.01 4772.76 1.94
202 1.17 0.50 3032.67 7614.57 7692.59 2.31
203 0.62 0.50 2159.56 632843 6337.84 2.19
Mean 0.87 0.50 2339.59 6222.0] 6267.73 2.15

TABLE 3-continued

PO-20 (Compound A) + 7.9 (Compound B) mg/kg

Animal tys Lonarx Chiax AUC (0-1) AUC (0-o) MRT(D-::::)
Number h h ng/mL  ng/mL*h ng/mlL*h h
SD 0.28 0.00 622.90 1448.71 1461.18 0.19
TABLE 4

Comparison of selected pharmacokinetic parameters of Compound A 1n
rats Tollowing oral administration

AUC (0-5> C RN AU C(ﬂ'-f )
Test Article C, o ng/mL. ng/mlL*h Ratio Ratio
Compound A 824.27 2716.19 - -
Compound A+B 2339.59 6222.01 2.84 2.29

[0084] As shown 1n the foregoing results, the com-
bmation of IUdR (1.e., Compound A) and Tipiracil
(1.e., Compound B), with a 100 mg/kg TUdR dose,
demonstrated a more than two-fold increase IUdR
concentration in the blood following oral adminis-
tration as compared to IUdR alone.

Example 2: Evaluation of Pharmacokinetic Profile of
[UdR (20 mg/kg) and Tipiracil m Rats Following
Smgle Oral Administration

[0085] The purpose of this study was to determine the
pharmacokinetics parameters of IUdR 1n male Sprague-
Dawley rats following smgle oral (PO) administration
the IUdR (1.e., Compound A) and Tipiracil (1.e., Com-
pound B).

[0086] A control formulation was prepared where Com-

pound A was dissolved 1 5%DMSO+95%PBS to yield a
final concentration of 2 mg/ml for oral admimistration.
The prepared formulation was colorless clear solution
(pH~8).

[0087] A second formulation was prepared where Com-
pound A and Compound B were dissolved 1mn 5%

DMSO+95%PBS to yield a final concentration of 2 mg/
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mL(Compound A) and 0.79 mg/mL(Compound B) for oral
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administration. The prepared formulation was colorless lime ~0-20 (Compound A) * 7.0 (Compound B) mg/ke
. points (hr) 201 202 203 Mean SD
clear solution (pH~7).
[0088] Ammal Acqusition and Assignment to Study. A 0 BLQ BLQ BLQ NA NA
total of 8 male experimental Sprague-Dawley Rats were 0.083 14.12 36.03 2344 2453 1100
transterred from stock colony, and 6 amimals were placed 0.2 321.36 29922 26153 29091 30.02
Y> P 0.5 433.57 358.18 35427  382.01 44.70
on study. o | | o 1 212.44 158.83 209.52 193.60 30.14
[0089] Dose Admmistration. The test article was adminis- 5 36 37 20 49 27 20 2% 07 797
tered via a smgle oral administration. Dose administration 4 0.38 BLQ BLQ NA NA
information 1s presented 1n the following Table 5.
TABLE 5
Dose Administration
Animal Group Body Weight Dose Conc. (img/ Dose Volume (mL/ Volume
Number  Number Sex (8) Dose Level (mg/kg) mL)* kg) Administered (mL) Dose Route* *

101 1 Male 233.2 20 2 10 2.3 PO

102 1 Male 223.5 20 2 10 2.2 PO

103 1 Male 219.8 20 2 10 2.2 PO

201 , Male 2260 20 (A)and 7.9 (B) 2 (A) and 0.79(B) 10 2.3 PO

202 , Male 2120 20 (A)and 7.9 (B) 2 (A) and 0.79(B) 10 2.1 PO

203 2 Male 228.1 20 (A) and 7.9 (B) 2 (A) and 0.79(B) 10 2.3 PO

*The dose was expressed as free form.

** The animals that dosed via orally were fasted overnight (10-16 hrs} prior to oral administration. Notably, food supply to the animals dosed orally

were resumed 2 hours post-dose.

[0090] Sample Collection and Bioanalysis. Blood samples
(approximately 200 ul/ sample) were collected via jugular
vein at Pre-dose and Post-dose (5 min, 15 min, 30 min, 1 h,
2h,4h,6h, 8hand 24 h). Blood samples were placed 1nto
tubes containing K,EDTA and centrifuged conditions at
8000 rpm for 6 minutes at 2-8° C. to separate plasma from
the samples. Followimg centrifugation, the resulting plasma
were transferred to clean tubes and stored frozen at -80° C.
pending bioanalysis.

[0091] Pharmacokinetic Analysis. The PK analysis and
interpretation of the results were conducted by Medicilon
Preclinical Research (Shanghai) LLL.C. A non-compartmen-
tal module of WinNonlin® Professional was used to calcu-

late parameters. Any BLQs (LLOQ = 5.0 ng/mL for Com-

pound A) were omitted when calculate the PK parameters.
[0092] Clinical Observations. No abnormal observations

were noted.
[0093] Results. The results of the study are provided m

Tables 6 to 8 and FIGS. 3A to 3C.

TABLE 6

Plasma concentration of Compound A 1n rats following oral administration

Plasma Concentration (ng/ml.)

Time PO-20 (Compound A) mg/kg
points (hr) 101 102 103 Mean SD
0 BLQ BLQ BLQ NA NA
0.083 24.53 25.16 16.04 2191 5.09
0.25 36.46 54.67 56.48 4920 11.08
0.5 52.45 63.23 57.34 57.67 5.39
1 27.25 19.19 21.93 22.79 4.10
2 BLQ BLQ BLQ NA NA
4 BLQ BLQ BLQ NA NA
6 BLQ BLQ BLQ NA NA
8 BLQ BLQ BLQ NA NA

24 BLQ BLQ BLQ NA NA

TABLE 6-continued

Time PO-20 (Compound A) + 7.9 (Compound B) mg/kg
points (hr) 201 202 203 Mean SD
6 BLQ BLQ BLQ NA NA
8 BLQ BLQ BLQ NA NA
24 BLQ BLQ BLQ NA NA

LLOQ = 5 ng/mL for plasma

SD: Standard deviation

NA: Not applicable.

BLQ: Below Limit of Quantitation

TABLE 7

Selected pharmacokinetics parameters of Compound A 1n rats following
oral administration

PO-20 (Compound A) mg'kg

ty; Tmax Cmrax AUC(D-;‘} AUC(U-EE) MRT(G-m)

Animal
Number h h ng/mL ng/mL*h ng/mlL*h h

101 NA 0.50 52.45 37.15 NA NA

102 NA 0.50 63.23 4305 NA NA

103 NA 0.50 57.34 40.76 NA NA
Mean NA 0.50 57.67 4032 NA NA

SD NA 0.00 5.39 298 NA NA

PO-20 (Compound A) + 7.9 (Compound B) mg/kg

AUC,  MRT

Ly, Lax Chax AUC 20) )

Animal ng/ ng/

Number h h ng/mL mL*h mL*h h
201 0.64 0.50 43357  454.62  463.22 0.96
202 0.36 0.50 358.18  328.70 33933 0. 73
203 0.39 0.50 35427  361.00 37647 0.81

Mean 0.46 0.50 382.01 38144 39301 0.84
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TABLE 7-continued

PO-20 (Compound A) + 7.9 (Compound B) mg/kg

AUC,h.  MRT .
ty, Tmm: Cmm: AUC(EI-:‘) o o) o)
Anmimal ng/ ng/
Number h h ng/ml ml.*h mL*h h
SD 0.15 0.00 44 .70 65.40 63.58 0.12
TABLE 8

Selected pharmacokinetics parameters of Compound A 1n rats following
oral administration

Cmm’ ng“f AUC(D-.") Cnm:c AUC(D-.’)
Test Article mL ng/mL*h Ratio Ratio
Compound A 57.67 40.32 - -
Compound A+B 382.01 381.44 6.62 9.46

[0094] As shown 1n the foregoing results, the combination
of IUdR (1.¢., Compound A) and Tipiracil (1.¢., Compound
B), with a 20 mg/kg IUdR dose, demonstrated a more than
nine-fold increase i IUdR concentration 1n the blood fol-
lowing oral admimstration as compared to IUdR alone.

Example 3: Comparison of 20 mg/kg and 100 mg/kg
[UdR Doses With and Without Tipiracil From
Examples 1 and 2

[0095] The amimal data provided in Examples 1 and 2 may
be compared as shown 1n FIG. 4.

[0096] A number of patent and non-patent publications are
cited herein 1n order to describe the state of the art to which
this invention pertains. The entire disclosure of each of these
publications 1s incorporated by reference herein.

[0097] While certain embodiments of the invention have
been described and/or exemplified above, various other
embodiments will be apparent to those skilled 1 the art
from the foregoing disclosure. The mvention 1s, therefore,
not limited to the particular embodiments described and/or
exemplified, but 1s capable of considerable variation and
modification without departure from the scope and spirit of
the appended claims.

[0098] Moreover, as used herein, the term “about” means
that dimensions, sizes, formulations, parameters, shapes and
other quantities and characteristics are not and need not be
¢xact, but may be approximate and/or larger or smaller, as
desired, reflecting tolerances, conversion factors, rounding
olf, measurement error and the like, and other factors known
to those of skill in the art. In general, a dimension, size,
formulation, parameter, shape or other quantity or character-
1stic 158 “about” or “approximate” whether or not expressly
stated to be such. It 1s noted that embodimments of very dif-
ferent sizes, shapes and dimensions may employ the
described arrangements.

[0099] Furthermore, the transitional terms “comprising”,
“consisting essentially of” and “consisting of”, when used
in the appended claims, 1 origmal and amended form,
define the claim scope with respect to what unrecited addi-
tional claim elements or steps, 1f any, are excluded from the
scope of the claim(s). The term “comprising” 1s intended to
be mclusive or open-ended and does not exclude any addi-
tional, unrecited element, method, step or material. The term
“consisting of” excludes any element, step or material other
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than those specified 1n the claim and, 1n the latter mstance,
impurities ordinary associated with the specified material(s).
The term “‘consisting essentially of” limits the scope of a
claam to the specified elements, steps or material(s) and
those that do not materially atfect the basic and novel char-
acteristic(s) of the claimed imvention. All methods, kats,
compositions, formulations, and other embodiments
described herein that embody the invention can, 1n alternate
embodiments, be more specifically defined by any of the
transitional terms “comprising,” “consisting essentially
of,” and ““‘consisting of.”
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What 18 claimed 1s:

1. A method for sensitizing cancer cells 1n a patient having
cancer to radiation therapy, the method comprising the steps
of

a. admiistering a therapeutically effective amount of a
radiosensitizing agent that 1s metabolized by thymidine
phosphorylase to the patient to sensitize cancerous cells
to radiation, the radiosensitizing agent comprising 5-
10do-2"-deoxyuridine (IUdR) or a prodrug thereot; and

b. admiistering a selected eftective amount of a thymidine
phosphorylase mhibitor to the patient that 1s configured
to inhibit thymidine phosphorylase to hinder metaboliza-
tion of the radiosensitizing agent by thymidine
phosphorylase.

2. A method for treating cancer 1n a patient in need of such
treatment by wrradiating cancerous cells 1n the patient, the
method comprising the steps of:

a. administering a therapeutically effective amount of a
radiosensitizing agent that 1s metabolized by thymidine
phosphorylase to the patient to sensitize cancerous cells
to radiation, the radiosensitizing agent comprising 3-
10do-2"-deoxyuridine (IUdR) or a prodrug thereof;

b. admimustering a selected effective amount of a thymidine
phosphorylase mhibitor to the patient that 1s configured
to 1nhibit thymidine phosphorylase to hinder
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metabolization of the radiosensitizing agent by thymi-
dine phosphorylase; and

c. irradiating a selected tissue of the patient that comprises

sensitized cancerous cells.

3. The method of any one of the preceding claims, wherein
the thymidine phosphorylase inhibitor comprises Tipiracil.

4. The method of any one of the preceding claims, wherein
the cancer comprises one or more of pancreatic cancer, hepa-
tic cancer, prostate cancer, colorectal cancer, breast cancer,
gastric cancer, non-small-cell lung cancer, metastatic breast
cancer, head and neck cancers, endometrial cancer, ovarian
cancer, ureter cancer, cervical cancer, esophageal cancer,
bladder cancer, small-cell cancer, non-small-cell cancer,
malignant lymphomas, and bramn cancer, rectal cancer, and
sarcomas.

S. The method of any one of the preceding claims, wherein
the cancer 1s one or more of rectal cancer and brain cancer.

6. The method of any one of claims 1 to 3, wherein the can-
cer comprises a pediatric cancer selected from the group con-
sisting of leukema, lymphoma, Hodgkin’s disease, rhabdo-
myosarcoma, Ewing’s sarcoma, osteosarcoma,
dysgerminomas, Wilm’s tumor, retinoblastoma, ependy-
moma, and medulloblastoma.

7. The method of any one of the preceding claims, wheremn
the selected tissue comprises a surgically resected selected
tissue.

8. The method of claim 2, comprising the step of repeating
one or more of steps (a), (b), and (¢).

9. The method of any one of the preceding claims, wherein
the step of administering a therapeutically effective amount of
a radiosensitizing agent comprises a route of administration
selected from the group consisting of oral, parenteral, lipo-
some-mediated, rectal, vaginal, inhalation, msufflation,
transdermal, intravenous, otic, and combinations thereof.

10. The method of any one of the preceding claims, wherein
the step of administering a therapeutically effective amount of
a radiosensitizing agent comprises orally or intravenously
administering a therapeutically effective amount of the radio-
sensitizing agent.

11. The method of any one of the preceding claims, wherein
the step of administering a selected effective amount of a thy-
midine phosphorylase inhibitor comprises a route of admin-
1stration selected from the group consisting of oral, parenteral,
liposome-mediated, rectal, vaginal, mhalation, msufflation,
transdermal, intravenous, otic, and combinations thereof.

12. The method of any one of the preceding claims, wherein
the step of administering a selected effective amount of a thy-
midine phosphorylase ihibitor comprises orally or intrave-
nously administering a selected eftective amount of the thy-
midine phosphorylase imhibitor.

13. The method ofany one of the preceding claims, wherein
the radiosensitizing agent 1s IUdR.

14. The method of any one of the preceding claims, wherein
the prodrug comprises 3-10do-2-pyrimidinone-2'-deoxyri-
bose (IPdR).

15. The method of any one claims 1-13, wherein the radio-
sensitizing agent comprises 5-10do-2-pyrimidinone-2'-deox-
yribose (IPdR).

16. The method of any one of the preceding claims, wherein
the therapeutically effective amount of the radiosensitizing
agent and the selected effective amount of the thymidine
phosphorylase mhibitor are administered simultaneously or
sequentially to the patient.
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17. The method of any one of the preceding claims, wherein
the therapeutically effective amount of the radiosensitizing
agent and the selected effective amount of the thymidine
phosphorylase mhibitor are administered simultancously to
the patient.

18. The method of any one of the preceding claims, com-
prising the step of admimistering a therapeutically effective
amount of a radiomimetic therapeutic agent.

19. The method of claim 18, wherein the radiomimetic
agent comprises cis-platinum.

20. A kit for providing a method for treating cancer 1n a
patient 1n need of such treatment by 1rradiating cancerous
cells 1n the patient, the kit comprising 5-10do-2'-deoxyuridine
(IUdR) or a prodrug thereot, a thymidine phosphorylase inhi-
bitor, and mstructions for use of the IUdR or prodrug thercof
and the thymidine phosphorylase mhibitor in combination
with radiation therapy for treating cancer in the patient 1n
need of such treatment.

21. The kat of claim 20, wherein the thymidine phosphory-
lase inhibitor comprises Tipiracil.

22. The kit of claim 20 or 21, wherein the cancer comprises
one or more of pancreatic cancer, hepatic cancer, prostate can-
cer, colorectal cancer, breast cancer, gastric cancer, non-
small-cell lung cancer, metastatic breast cancer, head and
neck cancers, endometrial cancer, ovarian cancer, ureter can-
cer, cervical cancer, esophageal cancer, bladder cancer, small-
cell cancer, non-small-cell cancer, malignant Iymphomas,
and brain cancer, rectal cancer, and sarcomas.

23. The kitof any one of claims 20-22, wherein the canceris
one or more of rectal cancer and brain cancer.

24. The kit of claim 20 or 21, wherein the cancer comprises
a pediatric cancer selected from the group consisting of leu-
kemia, lymphoma, Hodgkin’s disease, rhabdomyosarcoma,
Ewing’s sarcoma, osteosarcoma, dysgerminomas, Wilm’s
tumor, retinoblastoma, ependymoma, and medulloblastoma.

25. The kit of any one of claims 20-24, comprising a radio-
mimetic therapeutic agent.

26. The kit of claim 25, wherein the radiomimetic therapeu-
tic agent comprises cis-platinum.

27. The kit of any one of claims 20-26, wherein the prodrug
comprises S-10do-2-pyrimidinone-2'-deoxyribose (IPdR).

28. A pharmaceutical composition for sensitizing cancer-
ous cells to radiation therapy, the composition comprising:

a. aradiosensitizing agent that 1s metabolized by thymidine
phosphorylase, wherein the radiosensitizing agent com-
prises S-10do-2'-deoxyuridine (IUdR) or a prodrug
thereot;

b. a thymidine phosphorylase inhibitor that hinders meta-
bolism of the radiosensitizing agent by thymidine phos-
phorylase; and

¢. a physiologically compatible carrier medium.

29. The pharmaceutical composition of claim 28, wherein
the thymidine phosphorylase ihibitor comprises Tipiracil.

30. The pharmaceutical composition of claim 28 or 29,
wherein the physiologically compatible carrier medium com-
prises one or more of a solvent, diluent, liquid vehicle, disper-
sion aid, suspension aid, surface agent, 1sotonic agent, thick-
ening agent, emulsifying agent, preservative, solid binder,
lubricant, and filler.

31. The pharmaceutical composition of any one of
claims 28-30, comprising a radiomimetic therapeutic agent.

32. The pharmaceutical composition of claim 31, wherein
the radiomimetic therapeutic agent comprises cis-platinum.
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33. The pharmaceutical composition of any one of
claims 28-32, wherein the prodrug comprises 5-10do-2-pyri-
midimone-2'-deoxyribose (IPdR).

34. The pharmaceutical composition of any one of
claims 28-32, wherein the radiosensitizing agent comprises
S-10do-2-pyrimidione-2'-deoxyribose (IPdR).

35. The pharmaceutical composition of any one of
claims 28-34, wherein the pharmaceutical composition 18 pre-
pared as an orally administered dosage unit.

36. The pharmaceutical composition of claim 35, wheremn
the orally administered dosage unit comprises a solid dosage
form.

37. The pharmaceutical composition of claim 36, wherein
the solid dosage form comprises a multicomponent tablet.

38. The pharmaceutical composition of claim 37, wherein
the multicomponent comprises:

a. an mner component comprising the radiosensitizing
agent and a first physiologically compatible carrier med-
lum; and

b. an outer component disposed around the mner compo-
nent comprising the thymidine phosphorylase mhibitor
and a second physiologically compatible carrier
medium.
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