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(57) ABSTRACT

A system (and associated method) for treating a human or
animal body. The system has a photoactivatable drug for
treating a first diseased site, a first pharmaceutically accept-
able carrier including one or more phosphorescent or fluo-
rescent agents which are capable of emitting an activation
energy into the body which activates the photoactivatable
drug, a first device which infuses the first diseased site with
a photoactivatable drug and the first pharmaceutically
acceptable carrier, a first energy source which irradiates the
diseased site with an initiation energy to thereby initiate
emission of the activation energy into the body, and a
supplemental treatment device which administers one or
both of a therapeutic drug or radiation to the body at a
second diseased site or the first diseased site, to provide an

(22) Filed: May 30, 2018 immune system stimulation in the body.
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Figure 1A
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Figure 1E
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Figure 2A
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Figure 3A
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Figure 4A
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Figure 4B
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Figure 7
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BACKGROUND OF THE INVENTION

Field of Invention

[0004] The invention relates to methods and systems for
treating cell proliferation disorders that provide better dis-
tinction between normal, healthy cells and those cells suf-
fering a cell proliferation disorder, disease or condition.

Discussion of the Background

[0005] Psoralens are naturally occurring compounds
found in plants (furocoumarin family) with anti-cancer and
immunogenic 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
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marked tumor cytotoxicity and apoptosis. Cell signaling
events in response to DNA damage include up-regulation of
P21 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.

[0006] Importantly, psoralen can promote a strong long-
term clinical response, as observed in the treatment of
cutaneous T Cell Lymphoma utilizing extracorporeal pho-
topheresis (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, myco-
sis fungoides, and melanoma. Together these results are
consistent with an immunogenic role of psoralen in a
number of cancers and proliferative disorders.

[0007] 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

[0008] In one embodiment, there is provided a system
(and an associated method) for treating a human or animal
body. The system has a photoactivatable drug for treating a
first diseased site, a first pharmaceutically acceptable carrier,
optionally including one or more phosphorescent or fluo-
rescent agents which are capable of emitting an activation
energy into the body which activates the photoactivatable
drug, a first device which infuses the first diseased site with
a photoactivatable drug and the first pharmaceutically
acceptable carrier, a source of energy generation in situ in
the human or animal body sufficient to activate the photo-
activatable drug, which can optionally be a first energy
source which irradiates the diseased site with an initiation
energy to thereby initiate emission of the activation energy
into the body from the optional one or more phosphorescent
or fluorescent agents, and a supplemental treatment device
which administers one or both of a therapeutic drug or
radiation to the body at a second diseased site or the first
diseased site, to provide an immune system stimulation in
the body.

[0009] In one embodiment, there is provided a method for
treating a diseased sited in a human or animal body. The
method includes infusing the diseased site with a photoac-
tivatable drug, injecting in the diseased site a pharmaceutical
carrier, optionally including one or more phosphorescent or
fluorescent agents which are capable of emitting an activa-
tion energy in the human or animal body for activating the
photoactivatable drug, generating energy in situ in the
human or animal body sufficient to activate the photoacti-
vatable drug, preferably by applying an initiation energy to
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the diseased site, whereby the initiation energy is absorbed
by the optional one or more phosphorescent or fluorescent
agents, which emit the activation energy inside the diseased
site (thereby activating the photoactivatable drug), and
administering a supplemental treatment to a second diseased
site or the first diseased site.

[0010] 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

[0011] 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 refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:
[0012] FIG. 1A is a schematic showing the emission of
tethered and untethered phosphors under X-ray excitation;
[0013] FIG. 1B is a schematic showing UV emission
under X-Ray energy of a combined GTP 4300 and for
7Zn,Si0,: Mn phosphor;

[0014] FIG. 1C is a schematic showing UV emission
under X-Ray energy Zn,SiO,: Mn;

[0015] FIG. 1D is a schematic showing UV emission
under X-Ray energy for GTP 4300 phosphor;

[0016] FIG. 1E is a schematic showing UV and visible
emissions under X-Ray energy for Zn,SiO,: Mn in a NaCl
slurry;

[0017] FIG. 1F is a schematic showing UV and visible
emissions under X-Ray energy GTP 4300 in a NaCl slurry;
[0018] FIG. 1G is a schematic showing UV and visible
emissions under X-Ray energy of the combined phosphors
in a NaCl slurry;

[0019] FIG. 1H is a schematic showing cathodolumines-
cence for the Zn,SiO,phosphor discussed above;

[0020] FIG. 11 is a schematic showing cathodolumines-
cence for the GTP 4300 phosphor discussed above.

[0021] FIG. 2A is a schematic of cell viability after an
X-PACT (X-ray Psoralen Activated Cancer Therapy) treat-
ment as determined by Guava flow cytometry;

[0022] FIG. 2B is a schematic depicting the Annexin V (+)
fraction of viable cells shown in FIG. 2A;

[0023] FIGS. 2C and 2D are depictions of cell viability
illustrated by methyl blue staining for identical plates each
receiving 1Gy of 80kVp X-rays;

[0024] FIG. 3Ais a schematic depicting the percentages of
cell survival after UV light exposure;

[0025] FIG. 3B is a schematic depicting, for CT2A cells,
the X-PACT cytotoxicity under different X-ray doses, dif-
ferent concentrations of 8-MOP psoralen, and different
concentration of phosphor;

[0026] 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
concentration;

[0027] FIG. 4B is a schematic depicting a subset of data
demonstrating the magnitudes and effects of increasing
concentrations of psoralen and phosphor on the Annexin V
(+) signal;

[0028] FIG. 5 is a schematic depicting the results of an
X-PACT application to 4T1-her2 observed at both 80 and
100 kV;
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[0029] FIG. 6 is a schematic depicting the results of an
X-PACT application to BALBC mice with syngeneic 4T1-
HER2 tumors;

[0030] FIG. 7 is a schematic depicting an exemplary
system according to one embodiment of the present inven-
tion;

[0031] FIG. 8 is an exemplary computer-implemented
system according to one embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] Despite the positive clinical results noted above in
extracorporeal 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
range of solid tumors, at various depths in tissue. In
X-PACT, psoralen is combined with phosphors that absorb
and down-convert x-ray energy to re-radiate as UV light or
other light such as visible light which can activate a photo-
activatable drug at a diseased site. In one embodiment of this
invention, relatively low x-ray doses (~1Gy) are sufficient to
achieve photo-activation, greatly reducing the risks of nor-
mal tissue damage from radiation.

[0033] Accordingly, the present invention sets forth a
novel method of treating cell proliferation disorders that is
effective, specific, and has few side-effects. Those cells
suffering from a cell proliferation disorder are referred to
herein as the target cells. In one embodiment of the inven-
tion, treatment for cell proliferation disorders, including
solid tumors, chemically binds cellular nucleic acids, includ-
ing but not limited to, the DNA or mitochondrial DNA or
RNA of the target cells. For example, a photoactivatable
agent, such as a psoralen or a psoralen derivative, is exposed
in situ to an energy source (e.g., X-rays) capable of activating
energy modulation agents which emit light to activate pho-
toactivatable agents such as psoralen or coumarin.

[0034] In one embodiment of the invention, X-PACT
activates psoralen with UV light from non-tethered phos-
phors (co-incubated at the target cell with psoralen). The
co-incubation process in one embodiment of the invention
involves promoting the presence of psoralen (or other pho-
toactivatable drugs) and the phosphor (energy converters) at
a diseased site at the time of the x-ray exposure (or electron
beam exposure). Of these two components (the psoralen
component and the phosphor component), the psoralen
component is more readily passed from the diseased site
while the phosphor tends to be retained at the diseased site
longer. Accordingly, in one embodiment of the invention,
after a coinjection of a phosphor and psoralen mixture, the
x-ray exposure would follow within 0.5 to 20 minutes, or 1
to 10 minutes, or 3 to 5 minutes or in general within 20
minutes. Longer times maybe used but at the potential loss
in concentration of one of these components from the
diseased site. In another embodiment of the invention, a
separate injection of psoralen may be provided after the
coinjection of the phosphor and psoralen mixture. In another
embodiment of the invention, a separate injection of pso-
ralen may be provided after an injection of phosphor alone
into the diseased site. In these embodiments with separate
psoralen injections, the x-ray exposure would follow within
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0.5 to 20 minutes, or 1 to 10 minutes, or 3 to 5 minutes or
in general within 20 minutes. Longer times maybe used but
at the potential loss in concentration of one of these com-
ponents from the diseased site.

[0035] As noted above, the phosphors absorb x-rays and
re-radiate (e.g., phosphoresce) at UV wavelengths.
Described below is the efficacy of X-PACT in both in-vitro
and in-vivo settings. In-vitro studies utilized breast (4T1),
glioma (CT2A) and sarcoma (KP15B8) cell lines. Cells
were exposed to X-PACT treatments where the concentra-
tions of drug (e.g., an injection of psoralen and phosphor)
were varied as well as the radiation parameters (energy,
dose, and dose rate). Efficacy was evaluated primarily using
flow cell cytometry. A multi-variable regression on 36
independent irradiation experiments revealed neither pso-
ralen nor phosphor alone had a strong effect on cytotoxicity
(Annexin V signal). However, when combined (e.g., an
injection of psoralen and phosphor) in X-PACT, a significant
increase was observed (p<0.0001), with 82% cytotoxicity
compared to just 31% in treated but un-irradiated controls.
In-vivo work, utilized X-PACT on BALBc mice with syn-
geneic 4T1 tumors was conducted, including control arms
for X-PACT components. The results demonstrate a pro-
nounced tumor growth delay compared to saline controls
(42% reduction at 25 days, p=0.0002).

[0036] Accordingly, in one embodiment of the invention,
the dose of x-rays or electron beam to the target site of the
tumor produces a cytotoxicity of greater than 20%, greater
than 30%, greater than 50%, greater than 60%, greater than
70%, greater than 80%. In one embodiment of the invention,
the dose of x-rays or electrons to the target site of the tumor
produces a cytotoxicity between 20% and 100%, between
40% and 95%, between 60% and 90%, or between 70% and
80%. The cytotoxicity can be categorized into components
involving 1) the toxicity of the phosphor itself without
psoralen and 2) the apoptosis-induced cell death generated
by UV activation of the psoralen. The apoptosis-induced
cytotoxicity can range from greater than 20%, greater than
30%, greater than 50%, greater than 60%, greater than 70%,
greater than 80%. In one embodiment of the invention, the
apoptosis-induced cytotoxicity can range between 20% and
100%, between 40% and 95%, between 60% and 90%, or
between 70% and 80%.

[0037] Medical applications of ionizing radiation have
traditionally associated with diagnostic imaging and radia-
tion therapy. Diagnostic imaging (planar x-rays and x-ray-
CT) utilizes low energy x-rays, in order to obtain better
soft-tissue—bone contrast, and lower dose exposure to the
patient. In radiation therapy, higher energy MV radiation
(6MV and higher) is typically used to achieve skin sparing.
The X-PACT therapeutic paradigm, in one embodiment of
this invention, departs from these conventions by utilizing
low energy radiation (and low doses) to initiate phospho-
rescence of UV light in-situ, in potentially deep seated
lesions, for the purpose of activating a potent anti-tumor
photo-bio-therapeutic (psoralen). In one embodiment of the

invention, X-PACT produces measurable anti-tumor
response.
[0038] In general, the invention described here provides

for a system (and an associated method) for treating a human
or animal body. The system has a photoactivatable drug (for
treating a first diseased site. The photoactivatable drug can
e.g., psoralen or coumarin or a derivative thereof or a
photoactivatable drug selected from psoralens, pyrene cho-
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lesteryloleate, acridine, porphyrin, fluorescein, rhodamine,
16-diazorcortisone, ethidium, transition metal complexes of
bleomyecin, transition metal complexes of deglycobleomycin
organoplatinum complexes, alloxazines, vitamin Ks, vita-
min L, vitamin metabolites, vitamin precursors, naphthoqui-
nones, naphthalenes, naphthols and derivatives thereof hav-
ing planar molecular conformations, porphorinporphyrins,
dyes and phenothiazine derivatives, coumarins, quinolones,
quinones, and anthroquinones. The system has a first phar-
maceutically acceptable carrier, which optionally includes
one or more phosphorescent or fluorescent agents, such as
when using an applied energy of x-rays or other high energy
ionizing type radiation (gamma rays, electron beams, proton
beams, etc) (e.g., sterile compositions including for example
Y,0;; ZnS; ZnSe; MgS; CaS; Mn, Er ZnSe; Mn, Er MgS;
Mn, Er CaS; Mn, Er ZnS; Mn, Yb ZnSe; Mn, Yb MgS; Mn,
Yb CaS; Mn, Yb ZnS:Tb**, Er’*; ZnS:Th**; Y,0,:Th>;
Y,0,:Tb**, Er'*; ZnS:Mn**; ZnS:Mn, Er’*; CaWO,,
YaTO,, YaTO,:Nb, BaSO,:Eu, La,0,S:Tb, BaSi,O,:Pb,
Nal(T1), CsI(T1), CsI(Na), Csl(pure), CsF, KI(T1), Lil(Ew),
BaF,, CaF, CaF,(Fu), ZnS(Ag), CaWO,, CdAWO,, YAG(Ce)
(Y,AL,0,,(Ce)), 3Ca,(PO,),.Ca(F1,Cl),: Sb>*.Mn**, BGO
bismuth germanate, GSO gadolinium oxyorthosilicate, LSO
Iutetium oxyorthosilicate, LaCl;(Ce), LaBr;(Ce), LaPO,;
Ce, Tb (doped), Zn,SiO,:Mn with Mn preferably doped
between 0.05-10%, and YTaO,. The phosphorescent or
fluorescent agents are capable of emitting an activation
energy into the body which activates the photoactivatable
drug. The system has a first device which infuses the first
diseased site with a photoactivatable drug and the first
pharmaceutically acceptable carrier, a source of energy
generation in situ in the human or animal body sufficient to
activate the photoactivatable drug, which can preferably be
a first energy source which irradiates the diseased site with
an initiation energy to thereby initiate emission of the
activation energy into the body from the optional one or
more phosphorescent or fluorescent agents to thereby acti-
vate the photoactivatable drug, and a supplemental treatment
device which administers one or both of a therapeutic drug
or radiation to the body at a second diseased site or the first
diseased site, for example to provide an immune system
stimulation in the body.

[0039] The source of energy generation in situ in the
human or animal body can be any of a variety of sources or
methods of generating the necessary energy in vivo in the
human or animal body, including, but not limited to, use of
externally applied x-rays to generate Cherenkov UV/vis
emissions within the body, use of micro or nano devices
capable of generating UV light within the body, use of
chemical energy sources such as chemiluminescence, phos-
phorescence, and bioluminescense agents, and application
of external radiation (such as x-ray, gamma ray, electron
beam, proton beam, infrared, microwave, etc) which inter-
acts with one or more administered phophorescent or fluo-
rescent agents within the body. Ultimately, any desired
method can be used to generate the activation energy within
the body of the subject, including but not limited to those
methods above and as detailed in the various related appli-
cations mentioned and incorporated by reference at the
beginning of this application.

[0040] Described below are various embodiments of the
present invention.
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1.1 Phosphors and X-Ray Stimulation of UV Light

[0041] Inone embodiment of the present X-PACT therapy,
psoralen is activated by light generated in-situ from phos-
phor particles undergoing x-ray stimulated phosphores-
cence. The emission profiles from the phosphor preferably
overlap the absorption/activation wavelengths of psoralen.
While nano-scintillating particles have been developed
which were tethered to psoralen, in one embodiment of this
invention, a treatment system does not necessarily (but
could) use tethered phosphors. In the embodiment without
tethering, the functionally of the tethering is replaced by the
above-noted co-incubation of psoralen and phosphor par-
ticles at the target or diseased site, as described above. The
untethered psoralen benefits from a high degree of mobility
and greater intercalation with DNA. In one embodiment,
phosphors of different particle size and distribution are
utilized or specific absorption and emission spectra.

[0042] Inone embodiment of the invention, the phosphors
shown in FIG. 1A, (i.e., YTaO, coated with ethyl cellulose)
may be used. As shown in FIG. 1, the emission spectra of the
YTaO, phosphor overlaps with the wavelength required to
activate psoralen (~300-340 nm). FIG. 1 shows that the
emission under X-Ray excitation of the YTaO, phosphor is
~16 times brighter than a tethered nano-particles Y,O;
phosphor. In one embodiment of the invention, both of the
phosphors (as shown in FIG. 1) have output wavelengths
that “match” the absorption spectrum of the bio-therapeutic
agent to be activated (in this case the psoralen). In one
embodiment of the invention, a variety of bio compatible
coatings can added to the phosphors to provide biological
inertness while maintaining sufficient transparency in the
UV range, thus maintaining the ability of the in vivo
generated UV light to activate psoralen. In one embodiment
of the invention, the phosphors can be made from an inert
lattice structure, which may not require a bio compatible
coating.

1.2 Psoralen

[0043] Both commercially available UVADEX (formu-
lated 8-MOP psoralen) and pure 8-MOP were used as
alternative formulations of psoralen agents. Prior work has
shown that the number of DNA photo-adducts is a linear
function of the product of 8-MOP (psoralen) concentration
and light-exposure. UVADEX and 8-MOP concentrations in
the range 10-60 M were evaluated. The stability of drug in
the presence of phosphors was investigated using standard
UV-Vis spectroscopy and HPLC-MS.

1.3.1 In-Vitro X-PACT Studies

[0044] Guava Annexin V flow cell cytometry was used to
quantify cytotoxicity in 3 murine tumor cell lines (breast-
4T1, glioma-CT2A, and sarcoma KP15BS8). In-vitro
X-PACT studies were conducted on cells prepared in the
following manner. Cells were incubated in appropriate
growing media and buffers before being trypsinized and
plated evenly onto twelve (12) well plates for 24 hours.
About 20 minutes prior to X-PACT irradiation, the wells of
each plate were exposed to the following combinations of
additives: (1) control ~cells only with no additives, (2)
UVADEX only, (3) phosphors only, (4) UVADEX+phos-
phors. Each plate had twelve (12) wells with three wells for
each of the four treatment arms. The plates were then
irradiated with x-rays by placing the plate at a known
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distance from the x-ray source (e.g., 50 cm). After irradia-
tion the cells were incubated on the plate for 48 hours prior
to performing flow cytometry. For compatibility with
96-well Guava Nexin® assay, the remaining cells were
again trypsinized (after the 48 hour incubation) and plated
onto a 96-well plate. The phosphors used in this evaluation
were designated as NP 200 and GTP 4300. These phosphors
have the following elemental compositions, as shown in
Table 1 below:

[0045] GTP 4300=Ca, F, Cl, PO4, (96-99%)
[0046] Mn (1-3%) Sb (<1%)
[0047] Zn,SiO,: Mn with Mn doped between 0.05-
10%)
TABLE 1
% Vi-
ability ~ Psoralen  Frac-
(1-Tox- & tional
icity)  Phosphor Kill
Zn,Si04:Mn 75% 0.51 32.0%
GTP  3Ca3(PO4),*Ca(FL,C1)2:Sb3Mn?*  70% 0.54 22.9%
4300

Fractional kill: Added cell kill by the combination of Psoralen and phosphor and X-Ray

[0048] In one embodiment of the invention, the phosphors
are mixed in combination at a ratio of 2 parts by weight of
GTP 4300 for every one part by weight of (Zn,SiO,:Mn).
[0049] X-ray stimulated emission from this combination
of phosphors was taken from the following slurry using the
following procedures

[0050] Acetic acid diluted in di-ionized water at a rate of
1:10 by weight or by volume was prepared. A total of 2 mL
of the diluted acetic acid solution was added to 0.3 grams of
the combined phosphors. The slurry hence formed was
stirred using a vortex mixer for at least 60 sec. The high
viscosity slurry exhibits paste-like behavior from a viscosity
stand point. The test tube containing the slurry was then set
inside an X-Ray chamber to be exposed to X-Ray energy
radiation produced by using a 6 mA beam at a voltage of 125
kV. The test tube was placed at a distance from the X-Ray
source of ~20 cm. The fiber optic probe of a photo-spec-
trometer feeding to an ICCD camera was inserted inside the
tube and was brought to a close proximity to the pasty slurry
at a distance of 2 mm approximately. The fiber probe was
then fixed in place using an adhesive tape. The X-Ray
energy was turned on and the emission out of the slurry was
collected.

[0051] Several emissions were collected. The slurry was
found to emit both in the visible and the UV range as
illustrated in FIG. 1B, showing UV emission under X-Ray
energy of a combined GTP 4300 and for Zn,SiO,: Mn
phosphor. The emissions measurements were collected 1, 2,
3, 4, 5, 6 hours after the slurry was made. Under similar
conditions of preparation the slurry made of the individual
phosphors (Zn,SiO, and GTP 4300) is presented in FIGS.
1C and 1D (respectively). Visible emissions are stronger
than the UV emission of both materials. FIG. 1E is a
schematic showing UV and visible emissions under X-Ray
energy Zn,Si0,: 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.
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[0052] FIG. 1H compares cathodoluminescence for the
7Zn2Si04: Mn phosphor discussed above. FIG. 11 compares
cathodoluminescence for the GTP 4300 phosphor discussed
above.

[0053] Regardless of phosphor, the following injections
shown in Table 2 were illustrative of the concentration used
as a function of the measured or predicted tumor volume (or
the calculated volume of the diseased site). In these evalu-
ations, vials of sterilized phosphor were mixed with UVA-
DEX™ (100 pg/mL 8-MOP) as the sole diluent.

TABLE 2

milligrams

mL of slurry per of phosphor

cm?® tumor per cm® of tumor  Total volume
Tumor volume Min Max Min Max injected
8-15 cubic 0.034 0.063 0.333 0.625 0.5 mL
centimeters
15-29.9 cubic 0.033 0.067 0.334  0.667 1 mL
centimeters
30-49.9 cubic 0.040 0.067 0.401 0.67 2 mL
@
50-74.9 cubic 0.040 0.060 0.401 0.600 3 mL
@
75-99.9 cubic 0.040 0.053 0.400 0.533 4 mL
centimeters
>100 cubic 0.044 0.050 0.435 0.500 5 mL

centimeters

@ indicates text missing or illegible when filed

1.3.2 In-Vitro Radiation Activation Technique

[0054] A range of x-ray activation protocols were inves-
tigated to determine X-PACT cytotoxic efficacy in relation
to x-ray energy (kVp), total dose, and dose-rate. kVp beam
energies ranging between 80 and 100 kV were investigated.
kV beams were obtained from various X-ray generating
equipment, including orthovoltage units, standard diagnostic
radiographic, fluoroscopic, and cone-beam computed
tomography (CBCT) systems. The primary kV x-ray source
was a Varian on-board-imaging x-ray source commonly
found on Varian medical linear accelerators. In one embodi-
ment of the invention, the x-ray dose may be relatively low
(~1Gy/fraction for 9 fractions). This low-dose requirement
(as compared to conventional radiation therapy) provides in
this embodiment safe delivery of the radiation component of
X-PACT. In this embodiment, normal tissue tolerances
(skin, bone) can be kept within tolerance doses. In one
embodiment of the invention, the x-ray doses can specifi-
cally range from 0.2-2Gy, with preferred doses of 0.5-1Gy.

[0055] For x-ray irradiation, the well plates were posi-
tioned at a set distance (e.g., typically 50 cm) from the x-ray
source on a solid water phantom and the position of the well
plates within the x-ray beam was verified by low dose kV
imaging Irradiations were typically delivered in a “radio-
graph” mode; where multiple pulses of a set mA (e.g.,
typically 200 mA) and ms (e.g., typically 800 ms) and pulses
were delivered e.g., every 5-15 seconds. In one embodiment,
the radiation can be delivered in a “pulsed fluoroscopy
mode” (e.g., at 10 Hz) at the maximum mA setting. In one
embodiment, kVp settings of 80 and 100 kVp (and ranges in
between) with no added filtration in the beam (Half Value
Layer=3.3 and 3.9 mm Al, respectively) are suitable for the
invention. Higher kVps and lower kVps can be used.
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1.3.3 In-Vitro Analysis: Quantification of Cytotoxicity and
Apoptosis

[0056] Two primary flow cytometry metrics were used to
evaluate the X-PACT treatments, both determined at 48h
after X-PACT treatment. Cells plated in 12-well plates,
where individual wells in each plate may receive different
experimental conditions (e.g. psoralen concentration), but
the same x-ray dose (i.e. all wells in a given plate receive the
same x-ray dose). The first metric is metabolically viable
cell count (or cell viability) determined from the number of
whole cells per well as determined using forward scattering
(FSC). For each well, the cell viability was normalized to
that in a control well on the same plate, which had no
additives but did receive the radiation of that plate. (All
wells on a given plate receive the same dose.) The second
metric is Annexin V (+) signal, which is the fraction of the
metabolically viable cells which expressed a positive
Annexin V signal as determined by flow cell cytometry, and
include any cells advancing toward early or late apoptotic
cell death. The Annexin V (+) signal was corrected by
subtracting the control signal from the “no-additive” well on
the same plate. For both metrics, correcting for the control
on the same plate, minimizes any potential inter-plate sys-
tematic bias associated with plating constancy or Annexin V
gating parameters. The majority of plots in the results either
use metabolically viable cell count or Annexin V(+) signal
as defined by Krysko, Vanden Berghe, D’Herde, & Vande-
nabeele, 2008.

[0057] Metabolic cell viability was also assessed visually
using Methylene blue staining and ATP-induced Lumines-
cence imaging (Cell-Titer-Glo® Luminescence Cell Viabil-
ity Assay). The luminescence imaging permitted investiga-
tion of the cytotoxicity of psoralen activated directly with a
UV lamp, and in the absence of phosphors and x-ray
radiation.

[0058] Several statistical analyses were evaluated, includ-
ing unequal variance two-sample t-tests, Analysis of Vari-
ance (ANOVA), and multi-variable regression. The unequal
variance two-sample t-test tests the null hypothesis that the
means of observations (e.g. viable cells, Annexin V signal)
in two different populations are equal. The p-value gives the
probability that the observed difference occurred by chance.
The lower the p-value, the less likely the observed difference
occurred by chance. Multi-variable regression was used to
test the null hypothesis that psoralen and phosphor had no
effect on Annexin V (+) signal and to test if there is a
first-order interaction between the two therapeutic elements.
Non-parametric statistical analysis were also evaluated for
each test, and showed consistent results.

[0059] The results of statistical analyses were classified in
four categories: weakly significant, moderately significant,
significant, and very significant. A single asterisk indicates
weakly significant statistics (*), where the p-value is in the
range 0.01<p<0.05. Double asterisks indicate moderately
significant statistics (**), where 0.001<p<0.01. Triple aster-
isks indicate significant statistics (***), where 0.0001<p<0.
001. Quadruple asterisks indicate very significant statistics
(¥**¥) where p<0.0001. This convention will be used
throughout the remaining description.

1.3.4 In-Vivo X-PACT Experiments

[0060] An in-vivo trial was conducted for preliminary
evaluation of X-PACT administered to syngeneic 4T1-
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HER2 tumors grown on BALB/c mice. There were 4 arms
of the trial: (1) saline only (control), (2) phosphors alone
with x-ray, (3) psoralen (AMT) alone with x-ray, and (4) full
X-PACT treatment including both phosphor and psoralen
and x-ray irradiation. X-PACT treatments were given in 3
fractions per week, to a total of 6 fractions. In arms 2-3 a
consistent x-ray irradiation technique was used (about 1.2
Gy delivered at 75 kVp by 30 mA in 3 minutes) with 100 ng
of phosphor, and 5 uM psoralen (AMT) (with uM repre-
senting micromolar). 0.5 Million tumor cells were injected
per mouse. There were 6-8 mice per arm, and the study was
repeated a second time, yielding effective sample sizes of
12-16.

2.1 X-PACT: In-Vitro Studies

[0061] FIGS. 2A-2D illustrate the efficacy of X-PACT
treatment in-vitro in 4T1-HER2 cells, utilizing an X-PACT
regimen of 1/10-diluted UVADEX (with equivalent of 10
uM 8-MOP), 50 pg/ml. phosphor-0.6Gy of 80 kVp x-rays.
FIG. 2A presents the cell viability data for three treatment
conditions: UVADEX alone, phosphors alone, and the
X-PACT combination of UVADEX and phosphors (10 uM
8-MOP equivalent dilution of UVADEX, 50 pg/ml. phos-
phor, 0.6Gy of 80 kVp radiation). The data were compiled
from experiments performed on 5 different days (within 1
month), including 15 separate experimental and 10 control
plate irradiations. FIG. 2B presents the Annexin V (+) signal
for the same three conditions as in FIG. 2A. FIGS. 2C and
2D show corresponding images of viable cell populations
revealed by methylene blue staining Two results from two
separate plates are shown, each with identical preparations
to investigate reproducibility. X-PACT variants were tested
corresponding to three concentrations of phosphor (25, 50,
and 100 pg/ml.) with the UVADEX concentration fixed at
1/10 dilution (10 uM 8-MOP).

2.1.1 In-Vitro X-PACT and Other Cell Lines

[0062] The relative effectiveness of UV activated psoralen
on three (3) independent cell lines is shown in FIGS. 3A and
3B. FIG. 3A shows comparable sensitivity of CT2A (murine
malignant glioma), 4T1 and KP158B (sarcoma) cell lines to
light-activated psoralen, which is one of the therapeutic
mechanisms of X-PACT. More specifically, FIG. 3A shows
the effect of UV light activated psoralen was to reduce viable
cells in 3 cell lines (data from Cell-Titer-Glo® Lumines-
cence Cell Viability Assay under UV light). N=4 for each
cell line at each UV light condition (0, 0.25, 0.5, 1.0 J/cm?).
The psoralen concentration was 40 pM.

[0063] FIG. 3B presents data on CT2A malignant glioma
cells, for a range of X-PACT parameters including variable
x-ray dose (0, 0.67 and 1 Gy), phosphor concentration (650
or 100 pg) and psoralen concentration (8-MOP) at 10, 20
and 40 puM respectively.

2.1.2 In-Vitro X-PACT: Psoralen and Phosphor
Concentration
[0064] FIG. 4A presents a multi-variable linear regression

analysis on 36 independent measurements (wells) of
Annexin V (+) as a function of two variables: psoralen
concentration, and phosphor concentration. All samples
received an x-ray dose of 1 Gy at 80 kVp. Psoralen and
phosphor concentrations ranged from 10 uM to 50 pM and
from 25 pg to 200 pg respectively. The fitting equation is
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given at the top of the Table and in Equation 1. The overall
fit was statistically significant as were each of the fit coef-
ficients. All of the 36 X-PACT wells were irradiated with 1
Gy of x-ray radiation at 80 kVp. The fit had the following
form given in Equation 1 (where P=phosphor, and
Conc=concentration):

Annexin V(+)=4+B*[8-MOP Conc]+C*[P Conc]+D*
[8-MOP Conc.]*[P Conc.] Eq 1

[0065] FIG. 4B shows a subset of data, collected on one
day, demonstrating the magnitudes and effects of increasing
concentrations of psoralen and phosphor on Annexin V (+)
signal. More specifically, FIG. 4B is a subset of the data in
FIG. 3A that was collected on a single day, indicating
magnitude and trends. UVADEX (100 uM 8-MOP) was
diluted to 10, 20, and 50 uM, or 1:10, 1:5, and 1:2 UVADEX.
Four repeats (N=4) were performed for the condition with
50 pg/mL of phosphor and 10 uM of 8-MOP diluted from
UVADEX.

2.1.3 In-Vitro X-PACT: X-Ray Energy and Total Dose

[0066] FIG. 5 compares X-PACT at two different x-ray
energies (80 and 100 kVp). An X-PACT effect in 4T1-her2
was observed at both 80 and 100 kV, with the 80 kVp does
appearing to be slightly more effective than 100 kVp (p=0.
011, *). This data acquired from X-PACT treatment of
4T1-HER?2 cells with constant phosphor concentration of 50
ng/ml. and UVADEX diluted to 8-MOP concentration of 10
uM (1:10 dilution). N is the number of independent mea-
surements. These experiments involved 4T1-HER2 cells
treated with 10 uM 8-MOP (or equivalent UVADEX), and
50 pg/mlL. phosphors.

2.2 In-Vivo X-Pact Experiments

[0067] The results from the in-vivo irradiation of synge-
neic 4T1-HER2 tumors are shown in FIG. 6. In this evalu-
ation, X-PACT treatment was applied to BALBC mice with
syngeneic 4T1-HER2 tumors. In the separate psoralen and
phosphor control arms (blue and red respectively), 5 uM
psoralen (AMT) and 100 ps of phosphor where applied. A
consistent x-ray irradiation technique was used for all arms
(except saline control) which was 2 Gy delivered at 75 kVp
by 30 mA in 3 minutes.

3. Discussion

[0068] Inthe 4T1 in-vitro cell viability analysis (FIG. 2A),
a very substantial reduction in viable cells (~48%, p<0.
0001) was observed in the full X-PACT treatment condition,
where all components (phosphor, psoralen, and x-ray) were
present. Cell viability was much higher (70-85%) in the
control conditions (left and middle bars in FIG. 2A). Inter-
estingly, the effect of adding radiation to the control condi-
tions shows no or only a small decrease in viability. Cells
exposed to UVADEX alone (left bars in FIG. 2A) show no
significant effect of adding radiation (p=0.97). Cells exposed
to phosphors alone (middle bars in FIG. 2A) show a slight
reduction in cell viability (~8%, p=0.034) when radiation is
added. The increased toxicity associated with the presence
of both phosphors and x-rays could be attributed to DNA
damage arising by UV light from x-ray induced phospho-
rescence from the phosphors. Substantial cytotoxicity
(~80%) was only observed in the full X-PACT arm demon-
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strating the synergistic therapeutic effect of the combination
of phosphor, UVADEX and radiation.

[0069] In the 4T1 in-vitro apoptotic analysis (FIG. 2B),
cells exposed to UVADEX alone (left bars) exhibit negli-
gible apoptotic activity either with or without x-ray. For cells
exposed to phosphor alone (middle bars), a small increase in
Annexin V signal is observed (~1%, p=0.098) again sug-
gesting a slight toxicity of the phosphors. However, it was
only when both phosphor and UVADEX are combined (right
bars) that a statistically significant increase in Annexin V
signal was observed (~8%, p<0.0001), indicating an
increase in apoptosis. The cytotoxicity typical of X-PACT is
further illustrated in the methyl blue staining in FIGS. 2C
and 2D. In both the X-PACT 2 and X-PACT 3 conditions, a
relatively small effect was observed for the individual com-
ponents of UVADEX and phosphor. The methyl blue stain-
ing results were consistent with the flow cytometry data, in
that all X-PACT components are required for high cytotox-
icity. Less cytotoxicity is manifest in the first X-PACT
condition because of decreased phosphor concentration.
[0070] When X-PACT and components were evaluated on
3 different cell lines (FIG. 3A), an ANOVA analyses reveals
no statistically significant differences in the sensitivity of
these lines either to individual components or to full
X-PACT treatment (p>0.05). In CT2A malignant glioma
cells, X-PACT cell cytotoxicity was observed (FIG. 3B) to
increase with the magnitude of X-ray dose (0, 0.66 and 1Gy
respectively), concentration of 8-MOP psoralen (10, 20 and
40 uM respectively), and phosphor (50 and 100 pg/ml
respectively). ANOVA analyses revealed that the effect of
radiation on each condition was significant for all conditions
except for the control (p=0.88). The effect of radiation dose
was significant overall (p<0.001) and progressive (cell cyto-
toxicity increases with dose) for all conditions where >20
uM of 8-MOP and 50 pg/ml. of phosphors were used. In one
condition (10 uM 8-MOP+100 png/ml phosphor) only weakly
significant influence of radiation dose (0.01<p<0.05) was
observed.

[0071] The most comprehensive in-vitro 4T1 analysis
(FIG. 4) revealed a statistically significant multi-variable
linear regression (R*=0.72). The synergy interaction coeffi-
cient D was statistically significant (p<0.001) and positive
indicating an enhanced effect when phosphor and psoralen
were present. The interaction coefficients for psoralen and
phosphor alone were only weakly suggestive (p~0.1 and
0.05 respectively). The p values indicate likely significance,
but gave no indication of magnitude of effect, which is
shown in FIG. 4B. A general observation from this data,
acquired with constant x-ray dose, is that the apoptotic
fraction induced by X-PACT increases with either increasing
phosphor or psoralen concentration.

[0072] Another in-vitro study investigated whether chang-
ing x-ray energy affected X-PACT efficacy (FIG. 5). Phos-
phor design considerations indicated that ~80 kV would be
optimal, but a higher energy would have an advantage from
treatment delivery perspective (greater penetration in tis-
sue). For this reason, a 100 kVp beam energy was investi-
gated. An increase in apoptotic signal (over the control) was
observed for X-PACT treatments at both energies. The data
suggests the possibility of a slightly greater effect at 80 kVp.
[0073] X-PACT therapy seeks to engage the anti-tumor
properties of psoralens activated in-situ, in solid tumors,
with the potential for engaging a long term response. The
data presented in FIG. 6, show the first in-vivo application.
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The first X-PACT treatment was delivered to the syngeneic
4T1-HER2 tumors, on day 10 after implantation. Over the
next two weeks a growth delay was observed in the X-PACT
treatment arm. By day 25, there was a 42% reduction in
tumor volume (p=0.0002). A slightly higher component
effect was observed for both the psoralen and phosphor
arms, than was expected from the on-vitro data in FIG. 2.
[0074] Accordingly, in one embodiment of the invention,
depending on the type of tumor being treated, the day-25
tumor volume change can range from stable (no growth), to
a reduction of at least 10%, at least 20%, at least 30%, at
least 40%, to complete dissolution of the tumor, or any
values in between.

System Implementation

[0075] The above-discussed medical treatments can be
implemented by the system shown in FIG. 7.

[0076] Referring to FIG. 7, an exemplary system accord-
ing to one embodiment of the present invention may have an
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at or below 300 kVp, at or below 200 kVp, at or below 120
kVp, at or below 105 kVp, at or below 80 kVp, at or below
70 kVp, at or below 60 kVp, at or below 50 kVp, at or below
40 kVp, at or below 30 kVp, at or below 20 kVp, at or below
10 kVp, or at or below 5 kVp.

[0078] In one embodiment of the invention, besides the
YTaO4, noted above, other energy modulation agents can
include phosphors were obtained from the following
sources. “Ruby Red” obtained from Voltarc, Masonlite &
Kulka, Orange, Conn., and referred to as “Neo Ruby”;
“Flamingo Red” obtained from EGL Lighting, Berkeley
Heights, N.J. and referred to as “Flamingo™; “Green”
obtained from EGL Lighting, Berkeley Heights, N.J. and
referred to as “Tropic Green”; “Orange” obtained from
Voltarc, Masonlite & Kulka, Orange, Conn., and referred to
as “Majestic Orange”; “Yellow” obtained from Voltarc,
Masonlite & Kulka, Orange, Conn., and referred to as “Clear
Bright Yellow.” The “BP” phosphors are shown in detail
below:

TABLE 3
Emission
Spectrum X-Ray Absorption Density
Peak Emiss g/ec  Xtal
Phosphor Material Emission Eff Eff K-edge Specific Crystal
Code Color (nm) (%) (Z) (keV)  Gravity Structure Hygroscopic
BP1 CaWO4:Pb 425 N
BP2 Y2SiO5:Ce 410 N
BP3 YTaO4 337 10 598  67.42 7.5 Monolithic N
BP3-C  YTaO4 337 10 598  67.42 7.5 Monolithic N
BP4 BASF-1 460
BP5 BASF-2 490
BP6 YTaO4:Nb (*) 410 11 598  67.42 7.5 Monolithic N
BP6-C  YTaO4:Nb (*)
BP7-C  LaOBr:Tm3+ 360, 460 14 493 38.92 6.3  Tetragonal N
(coated)
BP8-C LaF3:Ce 280
BP9 Y203 365
BP-10  BaSO4-:Eu2+ 390 6 455  37.38 4.5  Rhombic N
(coated)
BP10-C BaSO4-:Eu2+ 390 6 455  37.38 4.5  Rhombic N
(coated)
BP11 LaOCL:Tm
BP12 Y2028:Tm
BP13 BaSi205:Pb2+ 350 N
SrB6010:Pb 360 N
CsI:Na (Coated) 338 Y
Gd,0,8:Tm Blue to Y
Green
initiation energy source 1 directed at the subject 4. An [0079] The “BP” phosphors are available from Phospho-

activatable pharmaceutical agent 2 and an energy modula-
tion agent 3 are administered to the subject 4. The initiation
energy source may additionally be controlled by a computer
system 5 that is capable of directing the delivery of the
initiation energy.

[0077] In preferred embodiments, the initiation energy
source may be a linear accelerator equipped with image
guided computer-control capability to deliver a precisely
calibrated beam of radiation to a pre-selected coordinate.
One example of such linear accelerators is the SmartBeam™
IMRT (intensity modulated radiation therapy) system from
Varian medical systems (Varian Medical Systems, Inc., Palo
Alto, Calif)). In one embodiment of the invention, the
initiation energy source comprises an x-ray source config-
ured to generate x-rays from a peak applied cathode voltage

rTech Corporation of Kennesaw, Ga., from BASF Corpora-
tion, or from Phosphor Technology L.td, Norton Park, Nor-
ton Road Stevenage, Herts, SG1 2BB, England.

[0080] Other useful energy modulation agents include
semiconductor materials including for example TiO,, ZnO,
and Fe,O; which are biocompatible, and CdTe and CdSe
which would preferably be encapsulated because of their
expected toxicity. Other useful energy modulation agents
include ZnS, CaS, BaS, SrS and Y, O; which are less toxic.
Other suitable energy modulation agents which would seem
the most biocompatible are zinc sulfide, ZnS:Mn**, ferric
oxide, titanium oxide, zinc oxide, zinc oxide containing
small amounts of Al,O; and Agl nanoclusters encapsulated
in zeolite. For non-medical applications, where toxicity may
not be as critical a concern, the following materials (as well
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as those listed elsewhere) are considered suitable: lanthanum
and gadolinium oxyhalides activated with thulium; Er**
doped BaTiO, nanoparticles, Yb*>* doped CsMnCl, and
RbMnCl,, BaFBr:Eu?* nanoparticles, cesium iodide, bis-
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bismuth germanate, GSO gadolinium oxyorthosilicate, LSO
lutetium oxyorthosilicate, LaCl;(Ce), LaBr;(Ce), LaPO,;
Ce, Tb (doped), Zn,SiO,:Mn with Mn doped between
0.05-10%, and YTaO,.

TABLE 4

Emission

Spectrum X-Ray Absorption
Phosphor Peak Emission Emiss Eff K-edge Specific Crystal
Color (nm) (%) Eff (Z2) (keV) Gravity Structure Hygroscopic
Zn3(PO4)2:Tl+ 310 N
BaF2 310 Slightly
Csl 315 N
Ca3(PO4)2:Tl+ 330 N
YTaO4 337 59.8 67.42 7.5 Monolithic N
CsI:Na 338 Y
BaSi205:Pb2+ 350 N
Borosilicate 350 N
LaCl3(Ce) 350 Y
SrB40O7F:Eu2+ 360 N
RbBr:Tl+ 360 ?
(Ba,Sr, 370 N
Mg)3Si207:Pb2+
YAIO3:Ce3+ 370 N
BC-422 370 Organic ?
BaFCL:Eu2+ 380 13 49.3 37.38 4.7  Tetragonal N
BaSO4-:Eu2+ 390 6 45.5 37.38 4.5  Rhombic N
BaFBr:Eu2+ 390 ?
BC-420 391 Organic ?
BC-414 392 Organic ?
SrMgP207:Eu2+ 394 N
BaBr2:Eu2+ 400 N
(St, 400 N
Ba)Al2Si208:Eu2+
YTaO4:Nb (*) 410 11 59.8 67.42 7.5 Monolithic N
Y2Si05:Ce3+ 410 N
CaWO4 420 5 61.8 69.48 6.1  Tetragonal N
LaOBr:Tb3+ 420 20 49.3 38.92 6.3  Tetragonal N
Y2028:Tb3+ 420 18 34.9 17.04 4.9  Hexgonal N
Lu2SiO5:Ce3+ 420 N
Lul.8Y0.28i05:Ce 420 N
ZnS:Ag 450 17 26.7 9.66 3.9 Hexgonal N
CdWO4 475 Slightly
Bi4Ge3012 (BGO) 480 N
(Zn,Cd)S:Ag 530 19 384 9.66/26.7 4.8  Hexgonal N
Gd202S:Tbh3+ 545 13 59.5 50.22 7.3 Hexgonal N
La202S:Tb3+ 545 12.5 52.6 38.92 6.5 Hexgonal N
Y3AI5012 (Ce) 550 N
LaOBr:Tm3+ 360, 460 14 49.3 38.92 6.3  Tetragonal N
CaF2(Eu) 435/300 N

muth germanate, cadmium tungstate, and CsBr doped with [0083] In one embodiment, phosphors used in the inven-

divalent Eu. Table 4 below provides a list of various useful
energy modulation agents

[0081] In various embodiments of the invention, the fol-
lowing luminescent polymers are also suitable as energy
modulation agents: poly(phenylene ethynylene), poly(phe-
nylene vinylene), poly(p-phenylene), poly(thiophene), poly
(pyridyl vinylene), poly(pyrrole), poly(acetylene), poly(vi-
nyl carbazole), poly(fluorenes), and the like, as well as
copolymers and/or derivatives thereof.

[0082] As a non-limiting list, the following are suitable
energy modulation agents: Y,0;; ZnS; ZnSe; MgS; CaS;
Mn, Er ZnSe; Mn, Er MgS; Mn, Er CaS; Mn, Er ZnS; Mn,
Yb ZnSe; Mn, Yb MgS; Mn, Yb CaS; Mn, Yb ZnS:Th**,
Er’*; ZnS:Tb**; Y,0,:Th**; Y,0,:Tb>*, Er**; ZnS:Mn*™;
ZnS:Mn, Er'*; CaW0,, YalO,, YaTO,:Nb, BaSO,:Fu,
La,0,8:Th, BaSi,O5:Pb, Nal(Tl), CsI(T1), CsI(Na), CsI
(pure), CsF, KI(T1), Lil(Eu), BaF,, CaF, CaF,(Eu), ZnS
(Ag), CaWO,, CAWO,, YAG(Ce) (Y;Al;0,,(Ce)), BGO

tion as energy modulation agents can include phosphor
particles, ionic doped phosphor particles, single crystal or
poly-crystalline powders, single crystal or poly-crystalline
monoliths, scintillator particles, a metallic shell encapsulat-
ing at least a fraction of a surface of the phosphors, a
semiconductor shell encapsulating at least a fraction of a
surface of the phosphors, and an insulator shell encapsulat-
ing at least a fraction of a surface of the phosphors; and
phosphors of a distributed particle size.

[0084] In further embodiments, dose calculation and
robotic manipulation devices may also be included in the
system.

[0085] In yet another embodiment, there is also provided
a computer implemented system for designing and selecting
suitable combinations of initiation energy source (listed in
the initiation energy source database), energy modulation
agent (listed in the energy transfer database), and activatable
pharmaceutical agent (listed in the activatable agent data-
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base). FIG. 8 illustrates an exemplary computer imple-
mented system according to this embodiment of the present
invention.

[0086] Referring to FIG. 8, an exemplary computer-imple-
mented system according to one embodiment of the present
invention may have a central processing unit (CPU) con-
nected to a memory unit, configured such that the CPU is
capable of processing user inputs and selecting a combina-
tion of initiation source, activatable pharmaceutical agent,
and energy transfer agent based on an energy spectrum
comparison for use in a method of the present invention.
[0087] In one embodiment, a photoactivatable drug is
selected from psoralens, pyrene cholesteryloleate, acridine,
porphyrin, fluorescein, rhodamine, 16-diazorcortisone,
ethidium, transition metal complexes of bleomycin, transi-
tion metal complexes of deglycobleomycin organoplatinum
complexes, alloxazines, vitamin Ks, vitamin L[, vitamin
metabolites, vitamin precursors, naphthoquinones, naphtha-
lenes, naphthols and derivatives thereof having planar
molecular conformations, porphorinporphyrins, dyes and
phenothiazine derivatives, coumarins, quinolones, quinones,
and anthroquinones.

[0088] Immune System Boosters

[0089] A patient’s immune system is a complex network
of cells, tissues, organs, and the substances that help the
body fight infections and other diseases. White blood cells,
or leukocytes, play the main role in immune responses.
These cells carry out the many tasks required to protect the
body against disease-causing microbes and abnormal cells.
Some types of leukocytes patrol the circulatory system,
seeking foreign invaders and diseased, damaged, or dead
cells. These white blood cells provide a general—or non-
specific—level of immune protection. Other types of leu-
kocytes, known as lymphocytes, provide targeted protection
against specific threats, whether from a specific microbe or
a diseased or abnormal cell. The most important groups of
lymphocytes responsible for carrying out immune responses
against such threats are B cells and T cells. B cells make
antibodies, which are large secreted proteins that bind to,
inactivate, and help destroy foreign invaders or abnormal
cells. Cytotoxic T cells, which are also known as killer T
cells, kill infected or abnormal cells by releasing toxic
chemicals or by prompting the cells to self-destruct (in a
process known as apoptosis).

[0090] Other types of lymphocytes and leukocytes play
supporting roles to ensure that B cells and killer T cells do
their jobs effectively. These supporting cells include helper
T cells and dendritic cells, which help activate both B cells
and killer T cells and enable them to respond to specific
threats.

[0091] Antigens are substances that have the potential to
cause the body to mount an immune response against them.
Antigens help the immune system determine whether some-
thing is foreign, or “non-self” Normal cells in the body have
antigens that identify them as “self” Self antigens tell the
immune system that normal cells are not a threat and should
be ignored. In contrast, microbes are recognized by the
immune system as a potential threat that should be destroyed
because they carry foreign, or non-self, antigens.

[0092] Cancer cells can carry both self antigens as well as
what are referred to as cancer-associated antigens. Cancer-
associated antigens mark cancer cells as abnormal or foreign
and can cause killer T cells to mount an attack against them.
Cancer-associated antigens may be: self antigens that are
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made in much larger amounts by cancer cells than normal
cells and, thus, are viewed as foreign by the immune system,
self antigens that are not normally made by the tissue in
which the cancer developed (for example, antigens that are
normally made only by embryonic tissue but are expressed
in an adult cancer) and, thus, are viewed as foreign by the
immune system, and/or newly formed antigens, or neoanti-
gens, that result from gene mutations in cancer cells and
have not been seen previously by the immune system.
[0093] In general, vaccines are medicines that boost the
immune system’s natural ability to protect the body against
“foreign invaders,” mainly infectious agents, that may cause
disease. When an infectious microbe invades the body, the
immune system recognizes it as foreign, destroys it, and
“remembers” it to prevent another infection should the
microbe invade the body again in the future. Vaccines take
advantage of this defensive memory response.

[0094] In one embodiment of the invention, there is pro-
vided a system for treating a human or animal body. This
system includes a first pharmaceutically acceptable carrier,
optionally and preferably including one or more phospho-
rescent or fluorescent agents which are capable of emitting
light (preferably ultraviolet or visible light) into the body, a
photoactivatable drug for treating a first diseased site, a first
device which infuses the first diseased site with the photo-
activatable drug and the first pharmaceutically acceptable
carrier, and a source for generating energy in situ in the
human or animal body sufficient to activate the photoacti-
vatable drug, which is optionally and preferably a first
energy source, preferably an x-ray or high energy source,
which irradiates the diseased site with an initiation energy
(preferably at least one of x-rays, gamma rays, or electrons)
to thereby initiate emission of the light (preferably ultravio-
let or visible light) into the body from the preferred one or
more phosphorescent or fluorescent agents, thus activating
the photoactivatable drug. This part of this system provides
the treatment to the first diseased site.

[0095] This system can include a supplemental treatment
device which administers a therapeutic drug or radiation or
both for treating a second diseased site or the first diseased
site. The supplemental treatment device can be at least one
of 1) a second device which infuses a second disecased site
with an immune system stimulant or chemotherapeutic drug
or a targeted cancer growth suppressant, and 3) a second
energy source (preferably an x-ray or high energy source)
which irradiates a second diseased site, preferably with at
least one of x-rays, gamma rays, or electrons. Alternatively,
this system can use the initial energy source in a further
irradiation of the first diseased site, preferably with x-rays,
gamma rays, or electrons.

[0096] Accordingly, when a supplemental treatment of the
human or animal body is prescribed, the second device
infuses a second diseased site with an immune system
stimulant. Alternatively or additionally, when a supplemen-
tal treatment of the human or animal body is prescribed, the
second x-ray or high energy source irradiates a second
diseased site with at least one of x-rays, gamma rays, or
electrons.

[0097] The first and second energy (initiation energy)
sources can be the same or different energy sources or the
same or different x-ray or high energy electron sources. The
first and second devices can be the same or different drug-
infusion devices which infuse a diseased site with the
photoactivatable drug or the immune system stimulant.
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[0098] In one embodiment of the invention, one or more
“booster” treatments are used as an immune system stimu-
lant. These one or more “booster” treatments can be per-
formed after the initial treatment (considered a “priming
treatment”), or when the initial treatment is performed as a
series of treatments, the “booster” treatment(s) can be per-
formed between sequential priming treatments, alternating
with priming treatments, or even simultaneously with the
priming treatments. A “booster treatment” in one embodi-
ment could involve re-injecting the tumor with psoralen (or
other photoactivatable drug) and radiating the tumor site
again. A “booster treatment” in another embodiment could
involve re-injecting the tumor with psoralen (or other pho-
toactivatable drug) and an energy modulation agent and
radiating the tumor site again. A “booster treatment” in
another embodiment could involve radiating the tumor site
again, but at a radiation level considered to be at either a
palliative or therapeutic level. The purpose of any of these
“booster” treatments is to activate/stimulate/boost the
immune response initially or originally generated within the
patient during the initial treatments.

[0099] In one embodiment of the booster treatment as an
immune system stimulant, the phosphor concentration is
increased to 20 mg/ml, the amount of UVADEX is
increased 2-4 times, and the treatment frequency is increased
to five (5) treatments in five (5) consecutive days. Further-
more, the timing between the prime (initial treatment ses-
sions such as the nine treatments described above) and the
booster treatment is set to allow for an initial humoral or
cellular immune response, followed by a period of homeo-
stasis, most typically weeks or months after the initial
priming treatment.

[0100] In another embodiment, particularly for more
aggressive cancers, an intervening treatment between the
prime and boost stages can be provided to stunt the growth
of the tumor while the immune system develops a response.
The intervening treatment can take the form of palliative
radiation, or other treatments known to those skilled in the
art. A “booster treatment” in a further embodiment can
involve irradiating a different tumor site within the patient
(such as a metastasis site), at a radiation level considered to
be at either a palliative or therapeutic level or at a radiation
induced cell kill level. Since the goal of the “booster
treatments” is to activate/stimulate/boost the patient’s
immune system, any of the “booster treatments” can be
performed after completion of all of the primer treatments,
between primer treatments during a series of the primer
treatments, or prior to the primer treatments (although this
may seem odd to perform the primer treatment after the
booster treatment, the booster treatment can activate/stimu-
late/boost the immune system, thus providing a boost or
supplement to the primer treatment once performed).

[0101] While not limited to the following theory, the basic
prime-boost strategy involves priming the immune system
to a target antigen, or a plurality of antigens created by the
drug and/or radiation induced cell kill and then selectively
stimulating/boosting this immunity by re-exposing the anti-
gen or plurality of antigens in the boost treatment. One
aspect of this strategy is that greater levels of immunity are
established by heterologous prime-boost than can be
attained by a single vaccine administration or homologous
boost strategies. For example, the initial priming events
elicited by a first exposure to an antigen or a plurality of
antigens appear to be imprinted on the immune system. This
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phenomenon is particularly strong in T cells and is exploited
in prime-boost strategies to selectively increase the numbers
of memory T cells specific for a shared antigen in the prime
and boost vaccines. As described in the literature, these
increased numbers of T cells ‘push’ the cellular immune
response over certain thresholds that are required to fight
specific pathogens or cells containing tumor specific anti-
gens. Furthermore, the general avidity of the boosted T-cell
response is enhanced, which presumably increases the effi-
cacy of the treatment.

[0102] Here, in this invention and without limitation as to
the details but rather for the purpose of explanation, the
initial treatment protocol develops antibodies or cellular
immune responses to the psoralen-modified or X-ray modi-
fied cancer cells. These “initial” responses can then be
stimulated/boosted by the occurrence of a large number of
newly created psoralen-modified or X-ray modified cancer
cells. As such, the patient’s immune system would mount a
more robust response against the cancer than would be
realized in a single treatment series.

[0103] In one embodiment of the invention, cancer cells
can be removed from a diseased site in the patient, and then
treated ex-vivo with psoralen and ultraviolet light to induce
cell kill. The “killed” cancer cells are then as part of an initial
treatment or a booster treatment injected into the disease
region of the patient. In one embodiment of the invention,
the removed cancer cells are cultured to provide a larger
number of cells to be exposed to psoralen and ultraviolet
light, and therefore to produce a larger number of “killed”
cells to inject. The body in response to these “killed” cells
(in a manner similar to how the psoralen-modified or X-ray
modified cancer cells would be received) would trigger the
patient’s immune system to thereby activate/stimulate/boost
the patient’s immune system as an immune system stimu-
lant.

[0104] In one embodiment of the invention, prior to the
initial treatment or prior to booster treatments, the immune
system of the subject could be further activated/stimulated/
boosted by injection of a more conventional vaccine such as
for example a tetanus vaccine. Prior work has shown the
efficacy of a tetanus booster to bolster the immune system’s
attack on the tumor by helping cancer vaccines present in the
subject migrate to the lymph nodes, activating an immune
response. Here, in this invention, the autovaccines generated
internally from the treatments described above could also
benefit from this effect.

[0105] As noted above, a booster treatment is one way to
activate/stimulate/boost the immune system.

[0106] Cancer vaccines belong to a class of substances
known as biological response modifiers. Biological response
modifiers work by stimulating or restoring the immune
system’s ability to fight infections and disease. Treatment
(or therapeutic) vaccines treat an existing cancer by
strengthening the body’s natural immune response against
the cancer as an immune system stimulant. More specifi-
cally, cancer treatment vaccines are used to treat cancers that
have already developed. Cancer treatment vaccines are
intended to delay or stop cancer cell growth; to cause tumor
shrinkage; to prevent cancer from coming back; or to
eliminate cancer cells that have not been killed by other
forms of treatment.

[0107] Cancer treatment vaccines are designed to work by
activating cytotoxic T cells and directing the cytotoxic T
cells to recognize and act against specific types of cancer or
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by inducing the production of antibodies that bind to mol-
ecules on the surface of cancer cells. To do so, treatment
vaccines introduce one or more antigens into the body,
usually by injection, where they cause an immune response
that results in T cell activation or antibody production.
Antibodies recognize and bind to antigens on the surface of
cancer cells, whereas T cells can also detect cancer antigens
inside cancer cells. One cancer treatment vaccine which can
be used with XPACT treatment includes sipuleucel-T
(Provenge®), approved for use in some men with metastatic
prostate cancer. It is designed to stimulate an immune
response to prostatic acid phosphatase (PAP), an antigen that
is found on most prostate cancer cells.

[0108] One cancer treatment vaccine which can be used
with XPACT treatment includes talimogene laherparepvec
(T-VEC, or Imlygic®) for the treatment of some patients
with metastatic melanoma that cannot be surgically
removed. In addition to infecting and lysing cancer cells
when injected directly into melanoma tumors, T-VEC
induces responses in non-injected lesions, suggesting that it
triggers an antitumor immune response similar to those of
other anticancer vaccines.

[0109] Other types of cancer treatment vaccines that can
be used as the supplemental treatment include those made
using molecules of DNA or RNA that contain the genetic
instructions for cancer-associated antigens. The DNA or
RNA can be injected alone into a patient as a “naked nucleic
acid” vaccine, or packaged into a harmless virus. After the
naked nucleic acid or virus is injected into the body, the
DNA or RNA is taken up by cells, which begin to manu-
facture the tumor-associated antigens. In theory, the cells
will make enough of the tumor-associated antigens to stimu-
late a strong immune response.

[0110] Accordingly, in one embodiment of the invention,
cancer treatment vaccines are provided as the above-noted
supplemental treatment providing an immune system stimu-
lant. In this embodiment, a cancer vaccine would supple-
ment the XPACT treatment by delaying or stopping cancer
cell growth or by causing tumor shrinkage while the XPACT
autoimmune response develops. The cancer treatment vac-
cines could be injected at the same or a different site
(different organ) from the XPACT treated area.

[0111] In one embodiment of the invention, hormone
injections are used to promote white and red blood cell
counts. In one embodiment of the invention, interleukin-2
(IL-2) injections are used to promote functions of the
patient’s immune system.

[0112] Other ways to activate/stimulate/boost the immune
system include immunotherapy, also called biologic therapy,
which is designed to boost the body’s natural defenses to
fight the cancer. Immunotherapy uses materials made either
by the body or in a laboratory to improve, target, or restore
immune system function. One particular focus in such
immunotherapy approaches relates to immune checkpoints
and their inhibition Immune checkpoints are molecules in
the immune system that either turn up a signal (co-stimu-
latory molecules) or turn down a signal (inhibitor mol-
ecules). Many cancers protect themselves from the immune
system by inhibiting the T cell signal or other aspects of the
immune system. Since around 2010, immune checkpoint
inhibitors have been increasingly considered as new targets
for cancer immunotherapies. For example, the PD-1 path-
way may be critical in the immune system’s ability to
control cancer growth. PD-1, short for Programmed Death 1
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(PD-1) receptor, has two ligands, PD-L.1 and PD-L.2. An
advantage of targeting PD-1 is that it can restore immune
function in the tumor microenvironment. Blocking this
pathway with PD-L.1 and/or PD-L2 antibodies has stopped
or slowed the growth of lung cancer for some patients. In
addition to PD-1, other immune checkpoint inhibitors
include:
[0113] A2AR. The Adenosine A2A receptor

[0114] B7-H3, also called CD276
[0115] B7-H4, also called VICN1
[0116] BTLA. This molecule, short for B and T Lym-

phocyte Attenuator and also called CD272, has HVEM
(Herpesvirus Entry Mediator) as its ligand.
[0117] CTLA-4, short for Cytotoxic T-Lymphocyte-As-
sociated protein 4 and also called CD152
[0118] IDO, short for Indoleamine 2,3-dioxygenase, is a
tryptophan catabolic enzyme with immune-inhibitory
properties.
[0119] TDO, short for tryptophan 2,3-dioxygenase.
[0120] KIR, short for Killer-cell Immunoglobulin-like
Receptor, is a receptor for MHC Class I molecules on
Natural Killer cells.
[0121] LAGS3, short for Lymphocyte Activation Gene-3
[0122] TIM-3, short for T-cell Immunoglobulin domain
and Mucin domain 3, expresses on activated human
CD4+ T cells and regulates Thl and Th17 cytokines.
[0123] VISTA (protein), Short for V-domain Ig suppres-
sor of T cell activation
[0124] More recently, immunotherapy drugs are also
being used to treat genetic cancers, including mismatch
repair deficient cancers such as Lynch Syndrome, in which
one or more of a set of mismatch repair genes are found to
be defective, thus allowing the buildup of errors in DNA of
those affected as cells divide. These mismatch repair defi-
ciencies have been found to be the cause of cancer syn-
dromes such as Lynch Syndrome, in which one or more of
the MLH1, MSH2, MSH6, PMS2, or EPCAM genes are
mutated to lose their ability to repair gene mismatches
caused by cell division. Immunotherapy has shown to be
effective in treating such genetic cancers, with Pembroli-
zumab (Keytruda) being recently approved for such use.
Another immunotherapy drug is Nivolumab (Opdivo).
[0125] In general, cancer immunotherapy stimulates a
patient’s immune system to destroy tumors. A variety of
strategies are possible. In one approach, G-CSF lympho-
cytes are extracted from the blood of a patient and expanded
in vitro against a tumor antigen before reinjecting the cells
with appropriate stimulatory cytokines. The cells then
destroy the tumor cells that express the antigen.
[0126] In an embodiment of the present invention, the
present treatment method can be combined with adminis-
tration of conventional immunotherapy drugs, such as Pem-
brolizumab (Keytruda) or Nivolumab (Opdivo), as a way to
stimulate the immune system of the patient through two
pathways, the auto-vaccine effect of the present treatment,
and the immune stimulation provided by the immunotherapy
drug.
[0127] In another related approach, substances known as
adjuvants are often added to vaccines or separately injected
to induce potent anticancer immune responses. Adjuvants
used for cancer vaccines come from many different sources.
Bacillus Calmette-Guérin (BCG) immunotherapy which has
been used for early stage (non-invasive) bladder cancer.
BCG mmunotherapy instills attenuated live bacteria into the
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bladder and is effective in preventing recurrence in up to two
thirds of cases. More particularly, a live attenuated strain of
Mycobacterium bovis, has been approved by the US Food
and Drug Administration for this approach.

[0128] Additionally, substances produced by bacteria,
such as Detox B (an oil droplet emulsion of monophospho-
ryl lipid A and mycobacterial cell wall skeleton), are also
frequently used as adjuvants. Biological products derived
from nonmicrobial organisms can also be used as adjuvants.
One example is keyhole limpet hemocyanin (KLLH), which
is a large protein produced by a marine mollusk. Attaching
antigens to KILH has been shown to increase their ability to
stimulate immune responses. Even some nonbiological sub-
stances, such as an emulsified oil known as montanide
ISA-51, can be used as adjuvants.

[0129] Natural or synthetic cytokines can also be used as
adjuvants. Cytokines are substances that are naturally pro-
duced by white blood cells to regulate and fine-tune immune
responses. Some cytokines increase the activity of B cells
and killer T cells, whereas other cytokines suppress the
activities of these cells. Cytokines frequently used in cancer
treatment vaccines or given together with them include
interleukin 2 (IL2, also known as aldesleukin), interferon
alpha, and granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF, also known as sargramostim).

[0130] Accordingly, in one embodiment of the invention,
the above-noted adjuvants can be used as the supplemental
treatment noted above used with the XPACT treatment as an
immune system stimulant.

[0131] In another approach, topical immunotherapy uti-
lizes an immune enhancement cream (imiquimod) which
produces interferon, causing the recipient’s killer T cells to
destroy warts, actinic keratoses, basal cell cancer, vaginal
intraepithelial neoplasia, squamous cell cancer, cutaneous
lymphoma, and superficial malignant melanoma.

[0132] In another approach, injection immunotherapy
(“intralesional” or “intratumoral”) uses mumps, candida, the
HPV vaccine or trichophytin antigen injections to treat warts
(HPV induced tumors).

[0133] In another approach, adoptive cell transfer (ACT)
can be used. In ACT, T cells are transferred into a patient.
The transferred cells may have originated from the patient or
from another individual. In cancer immunotherapy, T cells
are extracted from the patient, genetically modified and
cultured in vitro and returned to the same patient. As an
example, T cells, referred to as tumor-infiltrating lympho-
cytes (TIL), are multiplied using high concentrations of
Interleukin-2, anti-CD3 and allo-reactive feeder cells. These
T cells are then transferred back into the patient along with
administration of Interleukin-2 (IL-2) to further boost their
anti-cancer activity. Before reinfusion, lymphodepletion of
the recipient is used to eliminate regulatory T cells as well
as unmodified, endogenous lymphocytes that compete with
the transferred cells for homeostatic cytokines. Lym-
phodepletion can be achieved by total body irradiation.
Transferred cells multiplied in vivo and persisted in periph-
eral blood in many people, sometimes representing levels of
75% of all CD8+ T cells at 6-12 months after infusion.
[0134] In another approach, dendritic cell-based pump-
priming can be used. Dendritic cells can be stimulated to
activate a cytotoxic response towards an antigen. Dendritic
cells, a type of antigen presenting cell, are harvested from
the patient. These cells are then either pulsed with an antigen
or tumor lysate or transfected with a viral vector, causing
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them to display the antigen. Upon transfusion into the
person, these activated cells present the antigen to the
effector lymphocytes (CD4+ helper T cells, cytotoxic CD8+
T cells and B cells). This initiates a cytotoxic response
against tumor cells expressing the antigen (against which the
adaptive response has now been primed). The cancer vac-
cine Sipuleucel-T is one example of this approach.

[0135] In another approach, an autologous immune
enhancement therapy uses a person’s own peripheral blood-
derived natural killer cells. In this approach, cytotoxic T
lymphocytes and other relevant immune cells are expanded
in vitro and then reinfused.

[0136] In another approach, genetically engineered T cells
are created by harvesting T cells and then infecting the T
cells with a retrovirus that contains a copy of a T cell
receptor (TCR) gene that is specialized to recognize tumor
antigens. The virus integrates the receptor into the T cells’
genome. The cells are expanded non-specifically and/or
stimulated. The cells are then reinfused and produce an
immune response against the tumor cells. The technique has
been tested on refractory stage IV metastatic melanomas and
advanced skin cancer.

[0137] Any or all of these treatments above can be used
with the XPACT treatment as an immune system stimulant.

Supplemental Treatment for the Same or a Different Tumor
or Diseased Site

[0138] In one embodiment of the invention, the supple-
mental treatment can include any number of conventional
and developing cancer treatments such as for example
radiation therapy, chemotherapy, targeted therapy to kill or
block cancer cell growth, for example those noted above and
others.

[0139] In one embodiment of the invention, the supple-
mental treatment provided includes radiation therapy, which
is the use of high energy x-rays or other particles to destroy
cancer cells. The most common type of radiation treatment
is called external-beam radiation therapy, which is radiation
given from a machine outside the body. Radiation destroys
cancer cells directly in the path of the radiation beam. It also
damages the healthy cells in its path; for this reason, it
preferably not used to treat large areas of the body. However,
in one embodiment of the invention, in conjunction with the
XPACT treatment, a widespread radiation exposure could be
used. With radiation therapy, a radiation therapy regimen
(schedule) usually consists of a specific number of treat-
ments given over a set period of time. The treatment can
vary from just a few days of treatment to several weeks. In
one embodiment of the invention, the status of the treatment
site is monitored for an indication that the XPACT treatment
of'the patient has started to develop its autoimmune response
to the cancer in the patient’s body. Once tumor growth has
stopped or is in regression, the radiation therapy can be
stopped.

[0140] With radiation therapy, CT scans (imaging scans)
can be used to plan out exactly where to direct the radiation
to lower the risk of damaging healthy parts of the body. The
CT scans can be part of the XPACT treatment when a
supplemental treatment is directed to the same diseased site
and the XPACT treatment. With radiation therapy, intensity
modulated radiation therapy (IMRT) or stereotactic body
radiation therapy (SBRT) can be used for the supplemental
treatment of the same diseased site XPACT treated or a
different diseased site.
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[0141] In one embodiment of the invention, the supple-
mental treatment provided includes chemotherapy which is
the use of drugs to destroy cancer cells, usually by stopping
the cancer cells’ ability to grow and divide. Chemotherapy
has been shown to improve both the length and quality of
life for people with cancer. Systemic chemotherapy gets into
the bloodstream to reach cancer cells throughout the body.
Common ways to give chemotherapy include an intravenous
(IV) tube placed into a vein using a needle or in a pill or
capsule that is swallowed (orally). Most chemotherapy used
for lung cancer is given by IV injection. As known, chemo-
therapy may also damage healthy cells in the body, including
blood cells, skin cells, and nerve cells. Accordingly, che-
motherapy in the present invention as a supplemental treat-
ment is used with restrictive amounts of the drug in an effort
to slow the cancer progression until the XPACT autoimmune
response develops.

[0142] Drugs of possible use in the present invention for
chemothheraby include carboplatin (Paraplatin) or cisplatin
(Platinol), docetaxel (Docefrez, Taxotere), Gemcitabine
(Gemzar), Nab-paclitaxel (Abraxane), Paclitaxel (Taxol),
Pemetrexed (Alimta), and Vinorelbine (Navelbine).

[0143] In one embodiment of the invention, the supple-
mental treatment provided the above noted chemotherapy
drugs to supplement the XPACT treatment.

[0144] In one embodiment of the invention, the supple-
mental treatment provided includes targeted therapy which
is a treatment that targets the cancer’s specific genes, pro-
teins, or the tissue environment that contributes to cancer
growth and survival. This type of treatment blocks the
growth and spread of cancer cells while limiting damage to
healthy cells.

[0145] Not all tumors have the same targets. Of the
targeted therapies, anti-angiogenesis therapy is focused on
stopping angiogenesis, which is the process of making new
blood vessels. Because a tumor needs the nutrients delivered
by blood vessels to grow and spread, the goal of anti-
angiogenesis therapies is to “starve” the tumor. The follow-
ing and other anti-angiogenic drugs may be used at the
XPACT treated site or a different site: Bevacizumab (Avas-
tin), Ramucirumab (Cyramza), Epidermal growth factor
receptor (EGFR) inhibitors, Erlotinib (Tarceva), Gefitinib
(Iressa), Afatinib (Gilotrif), Osimertinib (Tagrisso), Necitu-
mumab (Portrazza), anaplastic lymphoma kinase (ALK)
inhibitors, Crizotinib (Xalkori), Ceritinib (Zykadia), and
Alectinib (Alecensa).

[0146] In another embodiment, Avastin can be adminis-
tered to reduce swelling in the treated tumors. Avastin is a
monoclonal antibody, a synthetic version of antibodies that
occur in our bodies and which fight foreign substances.
Avastin typically binds to a molecule called vascular
endothelial growth factor or VEGF. VEGF is a key player in
the growth of new blood vessels. Avastin turns VEGF off.
Blocking VEGF may prevent the growth of new blood
vessels, including normal blood vessels and blood vessels
that feed tumors. Avastin is FDA approved for 6 cancer
types: metastatic colorectal cancer (MCRC), metastatic non-
squamous non-small cell lung cancer (NSCLC), metastatic
renal cell carcinoma (mRCC), recurrent glioblastoma
(rGBM), persistent, recurrent, or metastatic cervical cancer
(CC), and platinum-resistant recurrent epithelial ovarian,
fallopian tube or primary peritoneal cancer (prOC).
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[0147] Any or all of these treatments noted above can be
used with the XPACT treatment as a treatment to kill or
block cancer cell growth.

[0148] In a further embodiment, methods in accordance
with the present invention may further include adding an
additive to alleviate treatment side-effects. Exemplary addi-
tives may include, but are not limited to, antioxidants,
adjuvant, or combinations thereof. In one exemplary
embodiment, psoralen is used as the activatable pharmaceu-
tical agent, UV-A is used as the activating energy, and
antioxidants are added to reduce the unwanted side-effects
of irradiation.

[0149] The activatable pharmaceutical agent and deriva-
tives thereof as well as the energy modulation agent, can be
incorporated into pharmaceutical compositions suitable for
administration. Such compositions typically comprise the
activatable pharmaceutical agent and a pharmaceutically
acceptable carrier. The pharmaceutical composition also
comprises at least one additive having a complementary
therapeutic or diagnostic effect, wherein the additive is one
selected from an antioxidant, an adjuvant, or a combination
thereof.

[0150] As used herein, “pharmaceutically acceptable car-
rier” is intended to include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like, compatible
with pharmaceutical administration. The use of such media
and agents for pharmaceutically active substances is well
known in the art. Except insofar as any conventional media
or agent is incompatible with the active compound, use
thereof in the compositions is contemplated. Supplementary
active compounds can also be incorporated into the com-
positions. Modifications can be made to the compound of the
present invention to affect solubility or clearance of the
compound. These molecules may also be synthesized with
D-amino acids to increase resistance to enzymatic degrada-
tion. If necessary, the activatable pharmaceutical agent can
be co-administered with a solubilizing agent, such as cyclo-
dextran.

[0151] A pharmaceutical composition of the invention is
formulated to be compatible with its intended route of
administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (topical), transmucosal, rectal
administration, and direct injection into the affected area,
such as direct injection into a tumor. Solutions or suspen-
sions used for parenteral, intradermal, or subcutaneous
application can include the following components: a sterile
diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerin, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alco-
hol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenedi-
aminetetraacetic acid; buffers such as acetates, citrates or
phosphates, and agents for the adjustment of tonicity such as
sodium chloride or dextrose. The pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydrox-
ide. The parenteral preparation can be enclosed in ampoules,
disposable syringes or multiple dose vials made of glass or
plastic.

[0152] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
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persion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, or phos-
phate buffered saline (PBS). In all cases, the composition
must be sterile and should be fluid to the extent that easy
syringability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria
and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of
surfactants. Prevention of the action of microorganisms can
be achieved by various antibacterial and antifungal agents,
for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable
to include isotonic agents, for example, sugars, polyalcohols
such as manitol, sorbitol, sodium chloride in the composi-
tion. Prolonged absorption of the injectable compositions
can be brought about by including in the composition an
agent which delays absorption, for example, aluminum
monostearate and gelatin.

[0153] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
an appropriate solvent with one or a combination of ingre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle that
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, methods of preparation are vacuum drying and
freeze-drying that yields a powder of the active ingredient
plus any additional desired ingredient from a previously
sterile-filtered solution thereof.

[0154] Oral compositions generally include an inert
diluent or an edible carrier. The oral compositions can be
enclosed in gelatin capsules or compressed into tablets. For
the purpose of oral therapeutic administration, the active
compound can be incorporated with excipients and used in
the form of tablets, troches, or capsules. Oral compositions
can also be prepared using a fluid carrier for use as a
mouthwash, wherein the compound in the fluid carrier is
applied orally and swished and expectorated or swallowed.
Pharmaceutically compatible binding agents, and/or adju-
vant materials can be included as part of the composition.
The tablets, pills, capsules, troches and the like can contain
any of the following ingredients, or compounds of a similar
nature: a binder such as microcrystalline cellulose, gum
tragacanth or gelatin; an excipient such as starch or lactose,
a disintegrating agent such as alginic acid, Primogel, or corn
starch; a lubricant such as magnesium stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring.

[0155] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from pressured
container or dispenser which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.

[0156] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal administration, penetrants appropriate to the barrier to
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be permeated are used in the formulation. Such penetrants
are generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as
generally known in the art.

[0157] The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository bases
such as cocoa butter and other glycerides) or retention
enemas for rectal delivery. In one embodiment, the active
compounds are prepared with carriers that will protect the
compound against rapid elimination from the body, such as
a controlled release formulation, including implants and
microencapsulated delivery systems. Biodegradable, bio-
compatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art.
The materials can also be obtained commercially. Liposomal
suspensions (including liposomes targeted to infected cells
with monoclonal antibodies to viral antigens) can also be
used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the
art, for example, as described in U.S. Pat. No. 4,522,811.
[0158] It is especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form
as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in asso-
ciation with the required pharmaceutical carrier. The speci-
fication for the dosage unit forms of the invention are
dictated by and directly dependent on the unique character-
istics of the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in the art
of compounding such an active compound for the treatment
of individuals.

[0159] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

[0160] It will also be understood that the order of admin-
istering the different agents is not particularly limited. Thus
in some embodiments the activatable pharmaceutical agent
may be administered before the energy modulation agent,
while in other embodiments the energy modulation agent
may be administered prior to the activatable pharmaceutical
agent. It will be appreciated that different combinations of
ordering may be advantageously employed depending on
factors such as the absorption rate of the agents, the local-
ization and molecular trafficking properties of the agents,
and other pharmacokinetics or pharmacodynamics consid-
erations.

[0161] In one embodiment of the invention, the reagents
and chemicals useful for methods and systems of the present
invention may be packaged in kits to facilitate application of
the present invention. In one exemplary embodiment, a kit
including a psoralen, and fractionating containers for easy
fractionation and isolation of autovaccines is contemplated.
A further embodiment of kit would comprise at least one
activatable pharmaceutical agent capable of causing a pre-
determined cellular change, at least one energy modulation
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agent capable of activating the at least one activatable agent
when energized, and containers suitable for storing the
agents in stable form, and preferably further comprising
instructions for administering the at least one activatable
pharmaceutical agent and at least one energy modulation
agent to a subject, and for applying an initiation energy from
an initiation energy source to activate the activatable phar-
maceutical agent. The instructions could be in any desired
form, including but not limited to, printed on a kit insert,
printed on one or more containers, as well as electronically
stored instructions provided on an electronic storage
medium, such as a computer readable storage medium. Also
optionally included is a software package on a computer
readable storage medium that permits the user to integrate
the information and calculate a control dose, to calculate and
control intensity of the irradiation source.

[0162] Statements of the Invention:

[0163] The following enumerated statements describe
generalized aspects of the invention and are not provided to
limit the invention beyond that which is expressly provided
in the appended claims.

[0164] Statement 1. A system (and associated method) for
treating a human or animal body, comprising: a photoacti-
vatable drug for treating a first diseased site; a first phar-
maceutically acceptable carrier, optionally including one or
more phosphorescent or fluorescent agents which are
capable of emitting an activation energy into the body which
activates the photoactivatable drug; a first device which
infuses the first diseased site with a photoactivatable drug
and the first pharmaceutically acceptable carrier; a source of
energy generation in situ in the human or animal body
sufficient to activate the photoactivatable drug, which can
optionally be a first energy source which irradiates the
diseased site with an initiation energy to thereby initiate
emission of the activation energy from the optional one or
more phosphorescent or fluorescent agents into the body;
and a supplemental treatment device which administers one
or both of a therapeutic drug or radiation to the body at a
second diseased site or the first diseased site, to provide an
immune system stimulation in the body.

[0165] An alternative system (and method) for treating the
human or animal body, comprises a photoactivatable drug
for treating a first diseased site; a pharmaceutical carrier
including one or more phosphorescent or fluorescent agents
(or other fluorescing or luminescing agent) which are
capable of emitting ultraviolet or visible light into the body;
a device which infuses the first diseased site with a photo-
activatable drug and the first pharmaceutically acceptable
carrier; an x-ray or high energy source which irradiates the
first diseased site with at least one of x-rays, gamma rays, or
electrons to thereby initiate emission of the ultraviolet or
visible light into the body; and a supplemental treatment
device which administers a therapeutic drug or radiation for
treating a second diseased site or the first diseased site.
[0166] An alternative associated method of statement 1
injects in a first diseased site a pharmaceutical carrier,
optionally including one or more phosphorescent or fluo-
rescent agents which are capable of emitting light in the
human or animal body, infusing the first diseased site with
a photoactivatable drug, generating an activation energy in
situ in the human or animal body, optionally by applying an
initiation energy to the first diseased site, producing from the
optional phosphorescent or fluorescent agents said light
inside the first diseased site; thereby photoactivating the
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photoactivatable drug, and administering a therapeutic drug
or radiation to a second diseased site with either adminis-
tration serving as a supplemental treatment.

[0167] An associated processor of statement 1 is pro-
grammed to control a dose of said x-rays, gamma rays, or
electrons to the diseased site(s) for production of ultraviolet
or visible light at the diseased site(s) to activate the photo-
activatable drug. In one aspect of the invention, the infusion
of the photoactivatable drug and the phosphors into the
diseased site(s) and the dose of initiation energy (e.g., X-rays
or electron beam) can produce a cytotoxicity inside the
diseased site of greater than 20%, greater than 20%, greater
than 30%, greater than 50%, greater than 60%, greater than
70%, or greater than 80%.

[0168] Statement 2. The system (or associated method) of
statement 1, wherein the supplemental treatment device
comprises at least one of 1) a second device which infuses
a second diseased site with an immune system stimulant or
chemotherapeutic drug or a targeted cancer growth suppres-
sant, and 2) a second energy source which irradiates a
second diseased site (e.g., with at least one of x-rays, gamma
rays, or electrons).

[0169] Statement 3. The system (or associated method) of
one of statements 1 or 2, wherein the first and second energy
sources comprise the same x-ray or high energy source.
[0170] Statement 4. The system (or associated method) of
any one of statements 1 or 2, wherein the first and second
energy sources comprise different x-ray or high energy
sources.

[0171] Statement 5. The system (or associated method) of
any one of statements 1 to 4, wherein the first and second
devices comprise the same drug-infusion device.

[0172] Statement 6. The system (or associated method) of
any one of statements 1 to 4, wherein the first and second
devices comprise different drug-infusion devices.

[0173] Statement 7a. The system (or associated method)
of'any one of statements 1 to 6, wherein the initiation energy
source comprises an X-ray source configured to generate
x-rays from a peak applied cathode voltage at or below 300
kVp, at or below 200 kVp, at or below 120 kVp, at or below
105 kVp, at or below 80 kVp, at or below 70 kVp, at or
below 60 kVp, at or below 50 kVp, at or below 40 kVp, at
or below 30 kVp, at or below 20 kVp, at or below 10 kVp,
or at or below 5 kVp.

[0174] Statement 7b. The system (or associated method)
of'any one of statements 1 to 7a, wherein the phosphors are
injected nearby the first or second diseased site for illumi-
nation of the photoactivatable drug to treat the first or second
diseased site.

[0175] Statement 7c. The system (or associated method)
of any one of statements 1 to 7b, wherein the phosphors
injected nearby the first or second diseased site comprise a
mixture of micron-size and nanometer-size particles.
[0176] Statement 7d. The system (or associated method)
of any one of statements 1 to 7c, wherein the phosphors
comprise at least one of: phosphor particles; ionic doped
phosphor particles; single crystal or poly-crystalline pow-
ders; single crystal or poly-crystalline monoliths; scintillator
particles; a metallic shell encapsulating at least a fraction of
a surface of the phosphors; a semiconductor shell encapsu-
lating at least a fraction of a surface of the phosphors; and
an insulator shell encapsulating at least a fraction of a
surface of the phosphors; and phosphors of a distributed
particle size.
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[0177] Statement 7e. The system (or associated method)
of any one of statements 1 to 7d, wherein the phosphors
comprise at least one of Y,05; ZnS; ZnSe; MgS; CaS; Mn,
Er ZnSe; Mn, Er MgS; Mn, Er CaS; Mn, Er ZnS; Mn, Yb
ZnSe; Mn, Yb MgS; Mn, Yb CaS; Mn, Yb ZnS:Th**, Er**;
ZnS:Tb**; Y,0,:Tb>*; Y,0,:Tb**, Er**; ZnS:Mn**; ZnS:
Mn, Er**; CaWO,, YaTO,, YaTO,:Nb, BaSO,:Eu, La,0,S:
Tb, BaSi,O5:Pb, Nal(Tl), CsI(T1), CsI(Na), Csl(pure), CsF,
KI(TI), Lil(Eu), BaF,, CaF, CaF,(Eu), ZnS(Ag), CaWO,,
CdWO,, YAG(Ce) (Y;AL0,,(Ce)), BGO bismuth germ-
anate, GSO gadolinium oxyorthosilicate, LSO lutetium oxy-
orthosilicate, LaCl;(Ce), LaBr;(Ce), LaPO,; Ce, Tb
(doped), Zn,SiO,:Mn with Mn doped between 0.05-10%,
and YTaO,.

[0178] Statement 7f. The system (or associated method) of
any one of statements 1 to 7e, wherein the phosphors
comprise down conversion media, and agglomerations
thereof with or without plasmonic agents.

[0179] Statement 8. The system (or associated method) of
any one of statements 1 to 7f, wherein the one or more
devices administer the photoactivatable drug in accordance
with a volume to be treated (e.g., a volume of the first or
second diseased site).

[0180] Statement 9. The system (or associated method) of
any one of statements 1 to 8, wherein an amount of the
phosphors in the pharmaceutical carrier ranges from 0.1 to
0.66 milligrams of phosphor per cm® of the volume of the
diseased site, and a concentration of the photoactivatable
drug in the pharmaceutical carrier ranges from 10 pg/ml to
50 ng/mL.

[0181] Statement 10. The system (or associated method)
of'any one of statements 1 to 9, wherein the photoactivatable
drug comprises a psoralen compound mixed with the phos-
phors.

[0182] Statement 11. The system (or associated method)
of'any one of statements 1 to 9, wherein the photoactivatable
drug is selected from psoralens, pyrene cholesteryloleate,
acridine, porphyrin, fluorescein, rhodamine, 16-diazorcorti-
sone, ethidium, transition metal complexes of bleomycin,
transition metal complexes of deglycobleomycin organo-
platinum complexes, alloxazines, vitamin Ks, vitamin L,
vitamin metabolites, vitamin precursors, naphthoquinones,
naphthalenes, naphthols and derivatives thereof having pla-
nar molecular conformations, porphorinporphyrins, dyes
and phenothiazine derivatives, coumarins, quinolones, qui-
nones, and anthroquinones.

[0183] Statement 12. The system (or associated method)
of'any one of statements 1 to 9, wherein the photoactivatable
drug comprises a psoralen, a coumarin, a porphyrin or a
derivative thereof.

[0184] Statement 13. The system (or associated method)
of any one of statements 1 to 10, wherein the photoactivat-
able drug comprises s 8-MOP, TMP, or AMT.

[0185] Statement 14. The system (or associated method)
of'any one of statements 1 to 9, wherein the photoactivatable
drug comprises one selected from 7,8-dimethyl-10-ribityl,
isoalloxazine, 7,8,10-trimethylisoalloxazine, 7,8-dimethyl-
alloxazine, isoalloxazine-adenine dinucleotide, alloxazine
mononucleotide, aluminum (III) phthalocyanine tetrasu-
lonate, hematophorphyrin, and phthadocyanine.

[0186] Statement 15. The system (or associated method)
of any one of statements 1 to 14, wherein the photoactivat-
able drug is coupled to a carrier that is capable of binding to
a receptor at the first or second diseased site.
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[0187] Statement 16. The system (or associated method)
of statement 15, wherein the carrier is one selected from
insulin, interleukin, thymopoietin or transferrin.

[0188] Statement 17. The system (or associated method)
of one of statements 15 or 16, wherein the receptor is one
selected from nucleic acids of nucleated cells, antigenic sites
on nucleated cells, or epitopes.

[0189] Statement 18. The system (or associated method)
of any one of statements 1 to 17, wherein the photoactivat-
able drug has an affinity for a tumor at the first or second
diseased site.

[0190] Statement 19. The system (or associated method)
of any one of statements 1 to 18, wherein the photoactivat-
able drug is capable of being absorbed by a tumor at the first
or second diseased site.

[0191] Statement 20. The system (or associated method)
of any one of statements 1 to 19, wherein the photoactivat-
able drug is a DNA intercalator or a halogenated derivative
thereof.

[0192] Statement 21. The system (or associated method)
of any one of statements 1 to 20, wherein the first energy
source delivers a controlled radiation dose of x-rays or high
energy electrons to the phosphors for activation of the
photoactivatable drug.

[0193] Statement 22. The system (or associated method)
of statement 21, wherein the controlled radiation dose
causes an auto-vaccine effect in the human or animal body.
[0194] Statement 23. The system (or associated method)
of one of statements 21 or 22, wherein a processor controls
an x-ray or high energy electron source during a booster
treatment repeated on a periodic basis after an initial treat-
ment of the first or second diseased site.

[0195] Statement 24. The system (or associated method)
of any one of statements 21 to 23, wherein, in the booster
treatment, at least one of phosphor concentration, photoac-
tivatable drug concentration, and the radiation dose is
increased by a factor of at least two times, five times, or ten
times respective initial values.

[0196] Statement 25. The system (or associated method)
of one of statements 23 or 24, wherein the booster treatment
produces psoralen-modified cancer cells or X-ray modified
cancer cells.

[0197] Statement 26. The system (or associated method)
of any one of statements 23 to 25, wherein the booster
treatment produces radiation damaged cancer cells.

[0198] Statement 27. The system (or associated method)
of'any one of statements 23 to 26, wherein a period between
booster treatments is delayed according to a tolerance level
of the human or animal body for radiation-modified cells
generated during the booster treatment.

[0199] Statement 28. The system (or associated method)
of statement 27, wherein the period between booster treat-
ments is delayed such that no tolerance is developed for the
radiation-modified cells.

[0200] Statement 29. The system (or associated method)
of any one of statements 1 to 28, wherein the first energy
source directs radiation to at least one of a tumor or a
malignancy (e.g., applied to at least one of the first and
second disease sites or elsewhere in the body).

[0201] Statement 30. The system (or associated method)
of any one of statements 1 to 29, wherein the first energy
source directs radiation to at least one of a eukaryotic cell,
a prokaryotic cell, a subcellular structure, an extracellular
structure, a virus or prion, a cellular tissue, a cell membrane,



US 2018/0344850 Al

a nuclear membrane, cell nucleus, nucleic acid, mitochon-
dria, ribosome, or other cellular organelle (e.g., applied to at
least one of the first and second disease sites or elsewhere in
the body).

[0202] Statement 31. The system (or associated method)
of any one of statements 1 to 30, wherein the first energy
source directs radiation to the diseased site in a pulsed
manner having an on and off time (e.g., applied to at least
one of the first and second disease sites or elsewhere in the
body).

[0203] Statement 32. The system (or associated method)
of any one of statements 1 to 31, wherein the first energy
source directs radiation to a tumor or a malignancy in a
pulsed manner having an on and off time (e.g., applied to at
least one of the first and second disease sites or elsewhere in
the body).

[0204] Statement 33. The system (or associated method)
of statement 32, wherein the first energy source directs said
radiation to the diseased site such that the on time activates
the phosphor and the off time is long enough for decay of
phosphor light emission (e.g., applied to at least one of the
first and second disease sites or elsewhere in the body).

[0205] Statement 34. The system (or associated method)
of any one of statements 1 to 33, wherein the first energy
source directs said radiation to the diseased site according to
a predetermined radiation protocol such that a predeter-
mined change occurs in the diseased site (e.g., applied to at
least one of the first and second disease sites or elsewhere in
the body).

[0206] Statement 35. The system (or associated method)
of statement 34, wherein said predetermined change at least
one of 1) affects a prion, viral, bacterial, fungal, or parasitic
infection, 2) comprises at least one of one of tissue regen-
eration, inflammation relief, pain relief, immune system
fortification, or 3) comprises at least changes in cell mem-
brane permeability, up-regulation and down-regulation of
adenosine triphosphate and nitric oxide.

[0207] Statement 34. The system (or associated method)
of'any one of statements 1 to 33, wherein said radiation from
the supplemental treatment device is directed to at least one
of the first and second diseased sites.

[0208] Statement 35. The system (or associated method)
of any one of statements 1 to 34, wherein the therapeutic
drug comprises an immune system stimulant (applied to at
least one of the first and second disease sites or elsewhere in
the body).

[0209] Statement 36. The system (or associated method)
of any one of statements 1 to 34, wherein the therapeutic
drug comprises at least one of a vaccine or a chemotherapy
drug (applied to at least one of the first and second disease
sites or elsewhere in the body).

[0210] Statement 37. The system (or associated method)
of any one of statements 1 to 34, wherein the therapeutic
drug comprises a tetanus vaccine (applied to at least one of
the first and second disease sites or elsewhere in the body).

[0211] Statement 38. The system (or associated method)
of any one of statements 1 to 45, wherein the therapeutic
drug comprises at least one of an immunotherapy drug, a
cancer vaccine, an adjuvant, a cytokine, a monoclonal
antibody, or a genetically engineered T cell (applied to at
least one of the first and second disease sites or elsewhere in
the body).
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[0212] Statement 39. A method for treating a diseased
sited in a human or animal body, comprising:

[0213] infusing the diseased site with a photoactivatable
drug;
[0214] generating an activation energy in situ in the

human or animal body sufficient to activate the photoacti-
vatable drug; and

[0215] administering a supplemental treatment to a second
diseased site or the first diseased site.

[0216] Statement 39b. The method of statement 39,
wherein generating the activation energy in situ in the
human or animal body comprises injecting in the diseased
site a pharmaceutical carrier including one or more phos-
phorescent or fluorescent agents which are capable of emit-
ting an activation energy in the human or animal body for
activating the photoactivatable drug; and

[0217] applying an initiation energy to the diseased site,
whereby the initiation energy is absorbed by the one or more
phosphorescent or fluorescent agents, which emit the acti-
vation energy inside the diseased site.

[0218] Statement 40. The method of statement 39b,
wherein applying comprises providing a controlled radiation
dose of x-ray or high energy electrons to the first diseased
site.

[0219] Statement 41. The method of one of statements 39
to 40, further comprising providing a booster treatment to
the first or second diseased site(s) before, during and/or after
an initial treatment of the first diseased site.

[0220] Statement 42. The method of statement 41, wherein
said booster treatment is performed before an initial treat-
ment of the first or second diseased site(s).

[0221] Statement 43. The method of statement 41, wherein
said booster treatment is performed during an initial treat-
ment of the first or second diseased site(s).

[0222] Statement 44. The method of statement 41, wherein
said booster treatment is performed after an initial treatment
of the first or second diseased site(s).

[0223] Statement 45. The method of claim 44, wherein
said booster treatment is repeated on a periodic basis after an
initial treatment of the first or second diseased site(s).
[0224] Statement 46. The method of any one of statements
41 to 45, wherein, in the booster treatment, at least one of
phosphor concentration, photoactivatable drug concentra-
tion, and the radiation dose is increased by a factor of at least
two times, five times, or ten times respective initial values.
[0225] Statement 47. The method of any one of statements
41 to 46, wherein the booster treatment produces psoralen-
modified cancer cells or X-ray modified cancer cells.
[0226] Statement 48. The method of any one of statements
41 to 47, wherein the booster treatment produces radiation
damaged cancer cells.

[0227] Statement 49. The method of any one of statements
41 to 48, further comprising delaying a period between
booster treatments according to a tolerance level of the
human or animal body for the radiation-modified cells
generated during the booster treatment.

[0228] Statement 50. The method of any one of statements
41 to 49, wherein the booster treatment provides radiating
the human or animal body at either a palliative or therapeutic
level.

[0229] Statement 51. The method of statement 50, wherein
the radiating the human or animal body at either a palliative
or therapeutic level comprises radiating the first or second
diseased site(s) before, during, and/or after an initial treat-
ment with said phosphors, said photoactivatable drug, and
said applying initiating energy.
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[0230] Statement 52. The method of one of statements 50
or 51, wherein applying x-ray or high energy electrons
comprises providing a controlled radiation dose to a tumor
at the first or second diseased site(s).

[0231] Statement 53. The method of any one of statements
50 to 52, wherein said booster treatment is repeated on a
periodic basis after an initial treatment of the tumor.
[0232] Statement 54. The method of any one of statements
39 to 53, further comprising radiating the human or animal
body at at least one of a palliative level, a therapeutic level,
or a radiation induced cell kill level for said immune system
stimulating treatment.

[0233] Statement 55. The method of statement 54, wherein
said radiating the human or animal body comprises radiating
at said palliative level.

[0234] Statement 56. The method of statement 54, wherein
said radiating the human or animal body comprises radiating
at said radiation induced cell kill level.

[0235] Statement 57. The method of any one of statements
54 to 57, wherein said radiating the human or animal body
comprises radiating at said palliative level as an intervening
treatment after an initial treatment with said phosphors, said
photoactivatable drug, and said applying initiation energy to
the first diseased site and prior to the supplemental treat-
ment.

[0236] Statement 58. The method of any one of statements
39b to 57, wherein the method further comprises, before,
during, and/or after an initial treatment with said phosphors,
said photoactivatable drug, and said applying initiation
energy, radiating the human or animal body at a region
different from the first or second diseased site(s).

[0237] Statement 59. The method of any one of statements
39b to 57, wherein the method further comprises, before,
during, and/or after an initial treatment with said phosphors,
said photoactivatable drug, and said applying initiation
energy to the first diseased site, radiating the human or
animal body at a region different from the first or second
diseased site(s) with a palliative level of radiation.

[0238] Statement 60. The method of any one of statements
39b to 57, wherein the method further comprises, before,
during and/or after an initial treatment with said phosphors,
said photoactivatable drug, and said applying initiation
energy to the first diseased site, radiating the human or
animal body at a region different from the first or second
diseased site(s) with a radiation induced cell kill level of
radiation.

[0239] Statement 61. The method of any one of statements
39 to 60, wherein said activating the photoactivatable drug
causes an auto-vaccine effect in the human or animal body.
[0240] Statement 62. The method of statement 61, further
comprising stunting growth of a tumor in the human or
animal body until the activated photoactivatable drug causes
said auto-vaccine effect in the human or animal body.
[0241] Statement 63. The method of one of statements 61
or 62, further comprising stimulating said auto-vaccine
effect in the human or animal body.

[0242] Statement 64. The method of statement 63, wherein
stimulating said auto-vaccine effect comprises injecting a
vaccine into the human or animal body,

[0243] Statement 65. The method of one of statements 63
or 64, wherein stimulating said auto-vaccine effect com-
prises injecting a tetanus vaccine into the human or animal
body.
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[0244] Statement 66. The method of any one of statements
63 to 65, wherein stimulating said auto-vaccine effect com-
prises radiating the human or animal body with a palliative
level of radiation.

[0245] Statement 67. The method of any one of statements
39 to 66, further comprising directing said radiation to at
least one of the first and second diseased sites as the
supplemental treatment.

[0246] Statement 68. The method of any one of statements
39 to 67, further comprising providing a therapeutic drug for
the supplemental treatment.

[0247] Statement 69. The method of statement 68, wherein
the therapeutic drug comprises a vaccine.

[0248] Statement 70. The method of statement 68, wherein
the therapeutic drug comprises a chemotherapy drug.
[0249] Statement 71. The method of any one of statements
39 to 70, further comprising radiating the human or animal
body at the first diseased site with a radiation induced cell
kill level of radiation (e.g., as the supplemental treatment or
a booster treatment).

[0250] Statement 72. The method of any one of statements
39 to 71, further comprising radiating the human or animal
body at the second diseased site with a radiation induced cell
kill level of radiation (e.g., as the supplemental treatment or
a booster treatment).

[0251] Statement 73. The method of any one of statements
39 to 72, wherein stimulating said auto-vaccine effect com-
prises injecting a vaccine into the first diseased site (e.g., as
the supplemental treatment or a booster treatment).

[0252] Statement 74. The method of any one of statements
39 to 73, wherein stimulating said auto-vaccine effect com-
prises injecting a vaccine into the second diseased site (e.g.,
as the supplemental treatment or a booster treatment).
[0253] Statement 75. The method of any one of statements
39 to 74, further comprising directing chemotherapy to a
first diseased site (e.g., as the supplemental treatment or a
booster treatment).

[0254] Statement 76. The method of any one of statements
39 to 75, further comprising directing chemotherapy to a
second diseased site (e.g., as the supplemental treatment or
a booster treatment)

[0255] Statement 77. The method of any one of statements
39 to 76, providing a therapeutic drug as an immune system
stimulant (e.g., as the supplemental treatment or a booster
treatment).

[0256] Statement 78. The method of statement 77, wherein
the therapeutic drug comprises a vaccine (e.g., provided as
the supplemental treatment or a booster treatment).

[0257] Statement 79. The method of any one of statements
39 to 78, providing a therapeutic drug as the supplemental
treatment (e.g., provided as the supplemental treatment or a
booster treatment).

[0258] Statement 80. The method of statement 79, wherein
the therapeutic drug comprises chemotherapy drug (e.g.,
provided as the supplemental treatment or a booster treat-
ment).

[0259] Statement 81. The method of any one of statements
39 to 80, providing for the supplemental treatment a thera-
peutic drug comprising at least one of a vaccine or a
chemotherapy drug (applied to at least one of the first and
second disease sites or elsewhere in the body).

[0260] Statement 82. The method of any one of statements
39 to 81, providing for the supplemental treatment a thera-
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peutic drug comprising a tetanus vaccine (applied to at least
one of the first and second disease sites or elsewhere in the
body).

[0261] Statement 83. The method of any one of statements
39 to 82, providing for the supplemental treatment a thera-
peutic drug comprising at least one of an immunotherapy
drug, a cancer vaccine, an adjuvant, a cytokine, a monoclo-
nal antibody, or a genetically engineered T cell (applied to
at least one of the first and second disease sites or elsewhere
in the body).

[0262] Numerous modifications and variations of the
invention are possible in light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described herein. All of the publications,
references, patents, patent applications, and other documents
identified above are incorporated by reference herein in their
entirety.

1. A system for treating a human or animal body, com-
prising:

a photoactivatable drug for treating a first diseased site;

a first pharmaceutically acceptable carrier;

a first device which infuses the first diseased site with a
photoactivatable drug and the first pharmaceutically
acceptable carrier;

a source of energy generation in situ in the human or
animal body sufficient to activate the photoactivatable
drug; and

a supplemental treatment device which administers one or
both of a therapeutic drug or radiation to the body at a
second diseased site or the first diseased site, to provide
an immune system stimulation in the body.

2. The system of claim 1, wherein the first pharmaceuti-
cally acceptable carrier further comprises one or more
phosphorescent or fluorescent agents which are capable of
emitting an activation energy into the body which activates
the photoactivatable drug, and wherein the source of energy
generation is a first energy source which irradiates the
diseased site with an initiation energy to thereby initiate
emission of the activation energy into the body from the one
of more phosphorescent or fluorescent agents.

3. The system of claim 1, wherein the supplemental
treatment device comprises at least one of 1) a second device
which infuses a second diseased site with an immune system
stimulant or chemotherapeutic drug or a targeted cancer
growth suppressant, and 2) a second energy source which
irradiates a second diseased site.

4. The system of claim 3, wherein the first and second
energy sources comprise the same or different x-ray or high
energy sources.

5. The system of claim 3, wherein the first and second
devices comprise the same drug-infusion device.

6. The system of claim 3, wherein the first and second
devices comprise different drug-infusion devices.

7. The system of claim 2, wherein the one or more
phosphorescent or fluorescent agents comprise at least one
of:

phosphor or fluorescent particles;

ionic doped phosphor or fluorescent particles;

single crystal or poly-crystalline powders;

single crystal or poly-crystalline monoliths;

scintillator particles;
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a metallic shell encapsulating at least a fraction of a
surface of the one or more phosphorescent or fluores-
cent agents;

a semiconductor shell encapsulating at least a fraction of
a surface of the one or more phosphorescent or fluo-
rescent agents; and

an insulator shell encapsulating at least a fraction of a
surface of the one or more phosphorescent or fluores-
cent agents; and

phosphors or fluorescent agents of a distributed particle
size.

8. The system of claim 2, wherein the one or more
phosphorescent or fluorescent agents comprise at least one
of'Y,0;; ZnS; ZnSe; MgS; CaS; Mn, Er ZnSe; Mn, Er MgS;
Mn, Er CaS; Mn, Er ZnS; Mn, Yb ZnSe; Mn, Yb MgS; Mn,
Yb CaS; Mn, Yb ZnS:Tb>*, Br’*; ZnS:Th**; Y,0,:Tb>*;
Y,0,:Tb**, Er’*; ZnS:Mn®*; ZnS:Mn, Er’*; CaWO,,
YaTO,, YaTO,:Nb, BaSO,:Eu, La,0,S:Tb, BaSi,O,:Pb,
Nal(T1), CsI(T1), CsI(Na), Csl(pure), CsF, KI(T1), Lil(Ew),
BaF,, CaF, CaF,(Eu), ZnS(Ag), CaWO,, CdWO,, YAG(Ce)
(Y;AL0,,(Ce)), BGO bismuth germanate, GSO gadolinium
oxyorthosilicate, LSO lutetium oxyorthosilicate, LaCl;(Ce),
LaBr;(Ce), LaPO,; Ce, Tb (doped), Zn,SiO,:Mn with Mn
doped between 0.05-10%, and YTaO,.

9. The system of claim 2, wherein the one or more devices
administer the photoactivatable drug in accordance with a
volume to be treated.

10. The system of claim 9, wherein

an amount of the phosphors in the pharmaceutical carrier
ranges from 0.1 to 0.66 milligrams of phosphor per cm?
of the volume of the diseased site, and

a concentration of the photoactivatable drug in the phar-
maceutical carrier ranges from 10 pg/ml to 50 pg/mlL.

11. The system of claim 1, wherein the photoactivatable
drug comprises a psoralen compound mixed with the phos-
phors.

12. The system of claim 1, wherein the photoactivatable
drug comprises a psoralen, a coumarin, a porphyrin or a
derivative thereof.

13. The system of claim 1, wherein the photoactivatable
drug comprises s 8-MOP, TMP, or AMT.

14. The system of claim 1, wherein the photoactivatable
drug comprises one selected from 7,8-dimethyl-10-ribityl,
isoalloxazine, 7,8,10-trimethylisoalloxazine, 7,8-dimethyl-
alloxazine, isoalloxazine-adenine dinucleotide, alloxazine
mononucleotide, aluminum (III) phthalocyanine tetrasu-
lonate, hematophorphyrin, and phthadocyanine.

15. The system of claim 1, wherein the photoactivatable
drug is coupled to a carrier that is capable of binding to a
receptor at the diseased site.

16. The system of claim 15, wherein the carrier is one
selected from insulin, interleukin, thymopoietin or transfer-
rin.

17. The system of claim 15, wherein the receptor is one
selected from nucleic acids of nucleated cells, antigenic sites
on nucleated cells, or epitopes.

18. The system of claim 1, wherein the photoactivatable
drug has an affinity for a tumor at the diseased site.

19. The system of claim 18, wherein the photoactivatable
drug is capable of being absorbed by a tumor at the diseased
site.

20. The system of claim 19, wherein the photoactivatable
drug is a DNA intercalator or a halogenated derivative
thereof.
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21. The system of claim 2, wherein the first energy source
delivers a controlled radiation dose of x-ray or high energy
electrons to the phosphors for activation of the photoacti-
vatable drug.

22. The system of claim 21, wherein the controlled
radiation dose causes an auto-vaccine effect in the human or
animal body.

23. The system of claim 1, wherein a processor controls
an x-ray or high energy electron source during a booster
treatment repeated on a periodic basis after an initial treat-
ment of the first or the second diseased site.

24. The system of claim 23, wherein, in the booster
treatment, at least one of a phosphor concentration, a fluo-
rescent agent concentration, a photoactivatable drug con-
centration, and the radiation dose is increased by a factor of
at least two times, five times, or ten times respective initial
values.

25. The system of claim 23, wherein the booster treatment
produces psoralen-modified cancer cells or X-ray modified
cancer cells.

26. The system of claim 23, wherein the booster treatment
produces radiation damaged cancer cells.

27. The system of claim 23, wherein a period between
booster treatments is delayed according to a tolerance level
of the human or animal body for radiation-modified cells
generated during the booster treatment.

28. The system of claim 27, wherein the period between
booster treatments is delayed such that no tolerance is
developed for the radiation-modified cells.

29. The system of claim 1, wherein the source of energy
generation directs radiation to at least one of a tumor or a
malignancy.

30. The system of claim 1, wherein the source of energy
generation directs radiation to at least one of a eukaryotic
cell, a prokaryotic cell, a subcellular structure, an extracel-
Iular structure, a virus or prion, a cellular tissue, a cell
membrane, a nuclear membrane, cell nucleus, nucleic acid,
mitochondria, ribosome, or other cellular organelle.

31. The system of claim 1, wherein the source of energy
generation directs radiation to the diseased site in a pulsed
manner having an on and off time.

32. The system of claim 1, wherein the source of energy
generation directs radiation to a tumor or a malignancy in a
pulsed manner having an on and off time.

33. The system of claim 32, wherein the source of energy
generation directs said radiation to the diseased site such that
the on time activates the phosphor and the off time is long
enough for decay of phosphor light emission.

34. The system of claim 1, wherein the source of energy
generation directs radiation to the first or second diseased
site according to a predetermined radiation protocol such
that a predetermined change occurs in the first or second
diseased site.

35. The system of claim 1, wherein radiation from the
supplemental treatment device is directed to at least one of
the first and second diseased sites.

36. The system of claim 1, wherein the therapeutic drug
comprises an immune system stimulant.

37. The system of claim 1, wherein the therapeutic drug
comprises at least one of a vaccine or a chemotherapy drug.

38. The system of claim 1, wherein the therapeutic drug
comprises at least one of an immunotherapy drug, a cancer
vaccine, an adjuvant, a cytokine, a monoclonal antibody, or
a genetically engineered T cell.
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39. A method for treating a first diseased site in a human
or animal body, comprising:

infusing the first diseased site with a photoactivatable

drug;
generating an activation energy in situ in the human or
animal body sufficient to active the photoactivatable
drug, thereby activating the photoactivatable drug; and

administering a supplemental treatment to a second dis-
eased site or the first diseased site.

40. The method of claim 39, wherein generating the
activation energy in situ in the human or animal body
comprises injecting in the first diseased site a pharmaceuti-
cal carrier including one or more phosphorescent or fluo-
rescent agents which are capable of emitting an activation
energy in the human or animal body for activating the
photoactivatable drug;

applying an initiation energy to the first diseased site,

whereby the initiation energy is absorbed by the one or
more phosphorescent or fluorescent agents, which emit
the activation energy inside the first diseased site.

41. The method of claim 40, wherein applying an initia-
tion energy comprises providing a controlled radiation dose
of x-ray or high energy electrons to the first or second
diseased site.

42. The method of claim 39, further comprising providing
abooster treatment to the diseased site, before, during and/or
after an initial treatment of the first or second diseased site.

43. The method of claim 42, wherein said booster treat-
ment is performed before an initial treatment of the first or
second diseased site.

44. The method of claim 42, wherein said booster treat-
ment is performed during an initial treatment of the first or
second diseased site.

45. The method of claim 42, wherein said booster treat-
ment is performed after an initial treatment of the first or
second diseased site.

46. The method of claim 45, wherein said booster treat-
ment is repeated on a periodic basis after an initial treatment
of the first or second diseased site.

47. The method of claim 42, wherein, in the booster
treatment, at least one of phosphor concentration, photoac-
tivatable drug concentration, and the radiation dose is
increased by a factor of at least two times, five times, or ten
times respective initial values.

48. The method of claim 42, wherein the booster treat-
ment produces psoralen-modified cancer cells or X-ray
modified cancer cells.

49. The method of claim 42, wherein the booster treat-
ment produces radiation damaged cancer cells.

50. The method of claim 42, further comprising delaying
a period between booster treatments according to a tolerance
level of the human or animal body for radiation-modified
cells generated during the booster treatment.

51. The method of claim 42, wherein the booster treat-
ment provides radiating the human or animal body at either
a palliative level or a therapeutic level.

52. The method of claim 51, wherein the radiating the
human or animal body at either a palliative or therapeutic
level comprises radiating the first or second diseased site
before, during, and/or after an initial treatment with said
phosphors, said photoactivatable drug, and said applying an
initiation energy to the first diseased site.

53. The method of claim 40, wherein applying an initia-
tion energy comprises providing a controlled radiation dose
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of x-ray or high energy electrons to a tumor at at least one
of the first or second diseased sites.

54. The method of claim 53, further comprising providing
a booster treatment to a tumor at at least one of the first or
second diseased sites, said booster treatment repeated on a
periodic basis after an initial treatment of the tumor.

55. The method of claim 40, further comprising radiating
the human or animal body with the first energy source or as
part of the supplemental treatment at at least one of a
palliative level, a therapeutic level, or a radiation induced
cell kill level.

56. The method of claim 55, wherein said radiating the
human or animal body comprises radiating at said palliative
level.

57. The method of claim 55, wherein said radiating the
human or animal body comprises radiating at said radiation
induced cell kill level.

58. The method of claim 55, wherein said radiating the
human or animal body comprises radiating at said palliative
level as an intervening treatment after an initial treatment
with said phosphors, said photoactivatable drug, and said
applying initiation energy to the first diseased site and prior
to a subsequent booster treatment with said phosphors, said
photoactivatable drug, and said applying initiation energy to
the first diseased site.

59. The method of claim 40, wherein the method further
comprises, before, during, and/or after an initial treatment
with said phosphors, said photoactivatable drug, and said
applying initiation energy to the first diseased site, radiating
the human or animal body at a region different from the first
diseased site, or a different region from the second diseased
site.

60. The method of claim 40, wherein the method further
comprises, before, during, and/or after an initial treatment
with said phosphors, said photoactivatable drug, and said
applying initiation energy to the first diseased site, radiating
the human or animal body with a palliative level of radiation
at a region different from the first diseased site or a different
region from the second diseased site.

61. The method of claim 40, wherein the method further
comprises, before, during and/or after an initial treatment
with said phosphors, said photoactivatable drug, and said
applying initiation energy to the first diseased site, radiating
the human or animal body with a radiation induced cell kill
level of radiation at a region different from the first diseased
site or a different region from the second diseased site.
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62. The method of claim 39, wherein said activating the
photoactivatable drug causes an auto-vaccine effect in the
human or animal body.

63. The method of claim 62, further comprising stunting
growth of a tumor in the human or animal body until the
activated photoactivatable drug causes said auto-vaccine
effect in the human or animal body.

64. The method of claim 62, further comprising stimu-
lating said auto-vaccine effect in the human or animal body.

65. The method of claim 64, wherein stimulating said
auto-vaccine effect comprises injecting a vaccine into the
human or animal body.

66. The method of claim 65, wherein stimulating said
auto-vaccine effect comprises injecting a tetanus vaccine
into the human or animal body.

67. The method of claim 64, further comprising radiating
the human or animal body with a palliative level of radia-
tion.

68. The method of claim 39, further comprising directing
radiation to at least one of the first and second diseased sites
or elsewhere in the body.

69. The method of claim 39, providing a therapeutic drug
as an immune system stimulant.

70. The method of claim 69, wherein the therapeutic drug
comprises a vaccine.

71. The method of claim 39, providing a therapeutic drug
as the supplemental treatment.

72. The method of claim 71, wherein the therapeutic drug
comprises a chemotherapy drug.

73. The method of claim 39, providing for the supple-
mental treatment a therapeutic drug comprising at least one
of a vaccine or a chemotherapy drug applied to at least one
of'the first and second disease sites or elsewhere in the body.

74. The method of claim 39, providing for the supple-
mental treatment a therapeutic drug comprising a tetanus
vaccine applied to at least one of the first and second disease
sites or elsewhere in the body.

75. The method of claim 39, providing for the supple-
mental treatment a therapeutic drug comprising at least one
of an immunotherapy drug, a cancer vaccine, an adjuvant, a
cytokine, a monoclonal antibody, or a genetically engineered
T cell applied to at least one of the first and second disease
sites or elsewhere in the body.
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