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Figure 3B
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X-RAY PSORALEN ACTIVATED CANCER
THERAPY (X-PACT)
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application is further related to provisional Ser. No. 61/505,
849 filed Jul. 8, 2011, and U.S. application Ser. No. 14/131,
564, filed Jan. 8, 2014, each entitled “PHOSPHORS AND
SCINTILLATORS FOR LIGHT STIMULATION WITHIN
A MEDIUM,” the entire contents of each of which is
incorporated herein by reference. This application is related
to and U.S. application Ser. No. 14/206,337, filed Mar. 12,
2014, entitled “INTERIOR ENERGY-ACTIVATION OF
PHOTO-REACTIVE SPECIES INSIDE A MEDIUM OR
BODY,” the entire contents of which are hereby incorpo-
rated herein by reference. This application is related to
national stage PCT/US2015/027058 filed Apr. 22, 2015,
entitted “TUMOR IMAGING WITH X-RAYS AND
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This application is related to and claims priority to
PCT/US2016/057685, filed Oct. 19, 2016, entitled “X-RAY
PSORALEN  ACTIVATED CANCER THERAPY
(X-PACT).”

BACKGROUND OF THE INVENTION
Field of Invention

The invention relates to methods and systems for treating
cell proliferation disorders, that provide better distinction
between normal, healthy cells and those cells suffering a cell
proliferation.

Discussion of the Background

Psoralens are naturally occurring compounds found in
plants (furocoumarin family) with anti-cancer and immuno-
genic properties. Psoralens freely penetrate the phospholipid
cellular bilayer membranes and intercalate into DNA
between nucleic acid pyrimidines, where the psoralens are
biologically inert (unless photo-activated) and ultimately
excreted within 24 hours. However psoralens are photo-
reactive, acquiring potent cytotoxicity after ‘activation’ by
ultra-violet (UVA) light. When photo-activated, psoralens
form mono-adducts and di-adducts with DNA leading to
marked tumor cytotoxicity and apoptosis. Cell signaling
events in response to DNA damage include up-regulation of
p2177% and p53 activation, with mitochondrial induced
cytochrome ¢ release and consequent cell death. Photo-
activated psoralen can also induce apoptosis by blocking
oncogenic receptor tyrosine kinase signaling, and can affect
immunogenicity and photochemical modification of a range
of cellular proteins in treated cells.

Importantly, psoralen can promote a strong long-term
clinical response, as observed in the treatment of cutaneous
T Cell Lymphoma utilizing extracorporeal photopheresis
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(ECP). In ECP malignant CTCL cells (removed from a
patient) are irradiated with ultraviolet A (UVA) light in the
presence of psoralen, and then re-administered to the patient.
Remarkably, complete long term responses over many
decades have been observed in a sub-set of patients, even
though only a small fraction of malignant cells were treated.
In addition to ECP, psoralens have also found wide clinical
application through PUVA treatment of proliferative skin
disorders and cancer including psoriasis, vitiligo, mycosis
fungoides, and melanoma. Together these results are con-
sistent with an immunogenic role of psoralen in a number of
cancers and proliferative disorders.

The cytotoxic and immunogenic effects of psoralen are
often attributed to psoralen mediated photoadduct DNA
damage. A principle mechanism underlying the long-term
immunogenic clinical response likely derives from psoralen
induced tumor cell cytotoxicity and uptake of the apoptotic
cells by immature dendritic cells, in the presence of inflam-
matory cytokines. However photochemical modification of
proteins and other cellular components can also impact the
antigenicity and potential immunogenicity of treated cells.

SUMMARY OF THE INVENTION

In one embodiment, there is provided a system (and
associated method) for treating a diseased site in a human or
animal body. The system includes a pharmaceutical carrier
including one or more energy converters or phosphors which
are capable of emitting light into the diseased site or the
body upon interaction, a photoactivatable drug for interca-
lating into DNA of cells at the diseased site, one or more
devices which infuse the diseased site with the photoacti-
vatable drug and the pharmaceutical carrier, an x-ray or high
energy electron source, and a processor programmed to
control a dose of x-rays or electrons to the diseased site for
production of light inside the diseased site to activate the
photoactivatable drug, wherein the infusion of the photoac-
tivatable drug and the energy converters or phosphors into
the diseased site and the dose of x-rays or electrons produces
a cytotoxicity inside the diseased site of greater than 20%.

In one embodiment, there is provided a method for
treating a tumor (or a diseased site) n a human or animal
body. The method includes injecting into a vicinity of and
inside the tumor (or a diseased site) a pharmaceutical carrier
including one or more phosphors which are capable of
emitting light into the tumor or the body upon interaction,
infusing the tumor with a photoactivatable drug for interca-
lating into DNA of cells at the diseased site, applying x-ray
or high energy electrons to the tumor (or a diseased site), and
producing the light inside the tumor (or a diseased site) to
activate the photoactivatable drug and produce, wherein the
injection of the photoactivatable drug and the phosphors into
the diseased site and the dose of x-rays or electrons beam
produces a cytotoxicity inside the diseased site of greater
than 20%.

It is to be understood that both the foregoing general
description of the invention and the following detailed
description are exemplary, but are not restrictive of the
invention.

BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.
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A more complete appreciation of the invention and many
of the attendant advantages thereof will be readily obtained
as the same becomes better understood by reference to the
following detailed description when considered in connec-
tion with the accompanying drawings, wherein:

FIG. 1A is a schematic showing the emission of tethered
and untethered phosphors under X-ray excitation;

FIG. 1B is a schematic showing UV emission under
X-Ray energy of a combined GTP 4300 and for Zn,SiO,:Mn
phosphor;

FIG. 1C is a schematic showing UV emission under
X-Ray energy Zn,SiO,:Mn;

FIG. 1D is a schematic showing UV emission under
X-Ray energy for GTP 4300 phosphor;

FIG. 1E is a schematic showing UV and visible emissions
under X-Ray energy for Zn,SiO,:Mn in a NaCl slurry;

FIG. 1F is a schematic showing UV and visible emissions
under X-Ray energy GTP 4300 in a NaCl slurry;

FIG. 1G is a schematic showing UV and visible emissions
under X-Ray energy of the combined phosphors in a NaCl
slurry;

FIG. 1H is a schematic showing cathodoluminescence for
the Zn,SiO, phosphor discussed above;

FIG. 11 is a schematic showing cathodoluminescence for
the GTP 4300 phosphor discussed above.

FIG. 2A is a schematic of cell viability after an X-PACT
(X-ray Psoralen Activated Cancer Therapy) treatment as
determined by Guava flow cytometry;

FIG. 2B is a schematic depicting the Annexin V (+)
fraction of viable cells shown in FIG. 2A;

FIGS. 2C and 2D are depictions of cell viability illustrated
by methyl blue staining for identical plates each receiving 1
Gy of 80 k Vp X-rays;

FIG. 3A is a schematic depicting the percentages of cell
survival after UV light exposure;

FIG. 3B is a schematic depicting, for CT2A cells, the
X-PACT cytotoxicity under different X-ray doses, different
concentrations of 8-MOP psoralen, and different concentra-
tion of phosphor;

FIG. 4A is a schematic depicting a multi-variable linear
regression analysis of the resultant Annexin V (+) signal as
a function of psoralen concentration and phosphor concen-
tration;

FIG. 4B is a schematic depicting a subset of data dem-
onstrating the magnitudes and effects of increasing concen-
trations of psoralen and phosphor on the Annexin V (+)
signal;

FIG. 5 is a schematic depicting the results of an X-PACT
application to 4T1-her2 observed at both 80 and 100 kV;

FIG. 6 is a schematic depicting the results of an X-PACT
application to BALBC mice with syngeneic 4T1-HER2
tumors;

FIG. 7 is a schematic depicting an exemplary system
according to one embodiment of the present invention;

FIG. 8 is an exemplary computer-implemented system
according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Despite the positive clinical results noted above in extra-
corporeal applications, use of psoralen traditionally has been
restricted to superficial or extra-corporeal applications
because of the inability of UVA light to penetrate into tissue
(maximum penetration depth <1 mm). In one embodiment
of'this invention, X-PACT (X-ray Psoralen Activated Cancer
Therapy) is utilized to extend psoralen therapy to a wide






