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1. Title of Invention

Method of screening and treatment of arteriosclerotic discases

2. Claims

[
(
l
(
(
[ L A method of screening and treatment of arteriosclerotic disease, said method
[ comprising the steps of:

[ introducing a complexed compound to a patient for cell uptake of the compound, the
E compound comprising a first portion which includes a photosensitive component, and a second
[ portion comprising a radioactive marker,

[ conducting tomographic scanning of the patient to determine whether targeted cells in
[ the patient have demonstrated an affinity for the photosensitive compound thereby indicating the
E presence of plaque buildup; and

[ conducting radiation therapy by the second portion of the compound which results in
[ selective ionizing radiation exposure.

[ 2. A method, as claimed in claim 1, wherein:

E said first portion of said compound is selected from the group consisting of 5-ALA,
[ protoporphyrin IX, TCPP, hematoporphyrin derivative, photofrin, uroporphyrin, coproporphyrin,
[ TPPS, and TMPP; and

[ said second portion of said compound is selected from the group consisting of
: radioisotopes of copper which may be complexed with said first portion.

E 3. A method, as claimed in claim 1, wherein said radioisotope of copper is “'Cu.

[ 4. A method, as claimed in claim 1, further comprising the step of:

[ selecting the type of radioactive marker to match a type of radiation treatment best suited

[ for treatment of a disease.

E 5. A methaod, as claimed in claim 1, further comprising the step of:

[ introducing the complexed compound again to the patient to achieve further radiation

[ therapy; and

[ conducting tomographic scanning to view treatment results.

E 6. A method, as claimed in claim 1, further comprising the step of:

[ introducing the complexed compound wherein the second portion is selectively dosed

[ to deliver a desired amount of radiation.

O
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7. A method, as claimed in claim 6, further including the step of adjusting the type
and dosage of the second portion to provide effective therapy.

8. A radiopharmaceutical composition for the visualization, diagnosis or treatment
of arteriosclerosis comprising a porphyrin complexing a radiation-emitting metal and a
pharmaceutical excipient.

9. The radiopharmaceutical composition of Claim 8, wherein the porphyrin is
selected from the group consisting of Protoporphyrin IX and derivatives thereof; Porphine;
Octacthylporphine; Hematoporphyrin IX and derivatives thereof; Etioporphyrin; Etioporphyrin
I; meso- Tetraphenylporphine and derivatives thereof ; Coproporphyrin I; Coproporphyrin IIL;
Deuteroporphyrin  [X; Mesoporphyrin IX; Tetra Tosylate; Uroporphyrin I, and
Iso-hematoporphyrin IX.

10.  Theradiopharmaceutical composition of Claim 8, wherein the radiation-emitting
metal is a radioactive isotope of a metal selected from the group consisting of silver, aluminum,
cadmium, cobalt, chromium, copper, iron, gadolinium, indium, lutetium, magnesium,
manganese, nickel, palladium, platinum, rhodium, ruthenium, scandium, silicon, tin, titanium
oxide, vanadium oxide, ytterbium and zinc.

11. A method of visualizing an arteriosclerotic region in an individual comprising:

(a) administering a radiopharmaceutical comprising a porphyrin complexing a gamma
radiation-emitting metal to an individual, and

(b) detecting the gamma radiation emitted from within the individual to create an image
of an arteriosclerotic region within the individual.

12. The method of Claimil, whercin the porphyrin is selected from the group
consisting of Protoporphyrin [X and derivatives thereof. Porphine; Octaethylporphine;
Hematoporphyrin IX and derivatives thereof; FEtioporphyrin; Etioporphyrin [
meso-Tetraphenylporphine and derivatives thereof ; Coproporphyrin I, Coproporphyrin iL;
Deuteroporphyrin  IX; Mesoporphyrin  IX; Tetra Tosylate; Uroporphyrin  I; and
Iso-hematoporphynn IX.

13.  The method of Claiml11, wherein the radiation-emitting metal is a radioactive
isotope of a metal selected from the group consisting of silver, aluminum, cadmium, cobalt,

chromium, copper, iron, gadolinium, indium, lutetium, magnesium, manganese, nickel,
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palladium, platinum, rhodium, ruthenium, scandium, silicon, tin, titanium oxide, vanadium

oxide, ytterbium and zinc.
14, Themethod of Claim]11, wherein the detecting step comprises positron emission

tomography (PET) scanning.
15.  The method of Claim 11, wherein the detecting step comprises single photon
emission computed tomography (SPECT) scanning.

16. A method of diagnosing arteriosclerosis in an individual comprising:
(a) administering a radiopharmaceutical comprising a porphyrin complexing a gamma

radiation-emitting metal to an individual,
(b) detecting the gamma radiation emitted from within the individual, and

(c) comparing the detected gamma radiation reading from the individual with reference

readings wherein comparison to reference readings is indicative of the presence of

arteriosclerosis in an individual.
17.  The method of Claim 16, wherein the detecting step is selected from the group

consisting of PET scanning and SPECT scanning, and wherein the reference readings are PET

or SPECT scans of individuals known to have arteriosclerosis.
18.  The method of Claim 16, wherein the detecting step is selected from the group

consisting of PET scanning and SPECT scanning, and wherein the reference readings are PET

or SPECT scans of individuals in which arteriosclerosis is absent.

9.  The method of Claim 16, wherein the porphyrin is selected from the group

con
Hematoporphyrin IX and derivatives thereof; Etioporphyrin; Etioporphyrin [
e and derivatives thereof ; Coproporphyrin [ Coproporphyrin I,
I.

3

sisting of Protoporphyrin IX and derivatives thereof, Porphine; Octaethylporphine;

meso-Tetraphenylporphin

Deuteroporphyrin  IX; Mesoporphyrin  IX; Tetra Tosylate; Uroporphyrin and

Iso-hematoporphyrin IX.
20. The method of Claim 16, wherein the gamma radiation-emitting metal is a

radioactive isotope of a metal selected from the group consisting of silver, aluminum, cadmium,

nickel,

cobalt, chromium, copper, iron, gadolinium, indium, lutetium, magnesium, manganese,

paliadium, platinum, thodium, ruthenium, scandium, silicon, tin, titanium oxide, vanadium

oxide, ytterbium and zinc.



L T e T e T e T e T e B |
[
[ s s e e T e T e T e T s O s T s T e O s O s O e T s T e R e B e B |
L e T e T e T

—

(15) JP 2004-131467 A 2004.4.30

21. A method of treating arteriosclerosis in an individual comprising administering
a radiopharmaceutical comprising a porphyrin complexing a radiation-emitting metal to an
individual.

22.  Themethod of Claim 21, wherein the radiation-emitting metal is a beta radiation-

emitting metal.

23, The method of Claim 21, wherein the radiation-emitting metal is a gamma
radiation-emitting metal.

94.  The method of Claim 21, wherein the porphyrin is selected from the group
consisting of Protoporphyrin IX and derivatives thereof; Porphine; Octaethylporphine;
Hematoporphyrin IX and derivatives thereof; Etioporphyrin; Etioporphyrin I
meso-Tetraphenylporphine and derivatives thereof ; Coproporphyrin I; Coproporphyrin IIT;
Deuteroporphyrin  IX; Mesoporphyrin  EX; Tetra Tosylate; Uroporphyrin T and
Iso-hematoporphyrin IX.

25, The method of Claim 21, wherein the radiation-emitting metal is a radioactive
e of a metal selected from the group consisting of silver, aluminum, cadmium, cobalt,

isotop

chromium, copper, iron, gadolinium, indium, lutetiom, magnesium, manganese, nickel,

pailadium, platinum, rhodium, ruthenium, scandium, silicon, tin, titanium oxide, vanadium

oxide, ytterbium and zinc.
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3. Detailed Explanation of the Invention

Cross Reference to Related Applications

This application is a continuation-in-part of co-pending application serial no. 10/176,558,
filed on June 21, 2002 entitled Method of Cancer Screening Primarily Utilizing Non-Invasive
Cell Collection, Fluorescence Detection Techniques, and Radio Tracing Detection Techniques,

which is incorporated herein in its entirety by this reference.

Field of the Invention
This invention relates to use of radiopharmaceuticals in the treatment of arteriosclerotic

lesions in blood vessels, and more particularly, to the use of metaloporphyrins wherein a

porphyrin is complexed with a radioactive metal for targeted delivery of radiation to

arteriosclerotic lesions.

Backgronnd of the Invention
It is known that certain types of obstructions in arteries may be due, in part, to

arteriosclerotic plaques. These plaques typically result from the proliferaticn of smooth muscle
cells and associated fibrous tissue which invades the wall and lining cells (intima) of the artery.
While the reasons for the smooth muscle and fibrous cell proliferation in the arterial walls is not
completely understood, this proliferation is not generally considered to be neoplastic in origin,
in spite of the fact that regeneration of plaque can take place very rapidly, sometimes within a
few months of total removal by coronary endarterectomy.

Management of arteriosclerotic stenosis by balloon angioplasty i$ a common treatment
method; however, the effectiveness of such treatment is limited by restenosis. Restenosis occurs
in about 30% to 50% of patients having undergone angioplasty. Fibrocellular intimal hyperplasia
is a main cause of such restenosis which arises from proliferation of smooth muscle cells in the
intimal layer.

Porphyrins are a large class of typically red or purple fluorescent crystalline pigments,
with natural or synthetic origin, having in common a substituted aromatic macrocyclic ring

consisting of four pyrrole-type residues, linked together by four methine bridging groups. Itis
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recognized that smooth muscle cells which proliferate in arteries have a distinct affinity for
various porphyrin compounds such as HPD, photoffin, photofrin II, and a long list of other
porphyrin compounds. A proliferating smooth muscle cell will take up such porphyrin
compounds much in the same manner as cells which are either dysplastic or overtly malignant.
Because these cells become sensitized by these porphyrin compounds, they are capable of
responding to both photo-detection and photo-destruction when proper frequencies of light are
administered. Use of this “photo-dynamic™ therapy in the management of angioplasty restenosis
in patients is described in Photodynamic Therapy of Normal and Balloon Injured Rat Carotid
Arteries Using 5-Amino-Levulinic Acid, Circulation, 91(2):417-25 (1995), incorporated herein
by this reference in its entirety for disclosing basic procedures for photodynamic therapy of
arteriosclerotic abnormalities.

Although many physicians and researchers are familiar with photodynamic therapy and
many have used such procedures in the laboratory, few have become advocates of the therapy
because of the severe limitations imposed by the use of porphyrins which utilize light frequencies
that do not penetrate, and are therefore impoessible to deliver to any significant depth in tissue.
The light frequencies required for photo detection generally range between 380-420 nm, and the
resulting fluorescence is typically in the range of 635 nm. Because of these wavelengths,
penetration of the light source is restricted to tissue of minimal depth in the body. Accordingly,
without surgical intervention, phototherapy is not capable of effectivelyreaching arteriosclerotic
lesions.

As also understood by those skilled in the art, photodynamic therapy has been used for
treatment of various cancers. Examples of references which disclose use of photodynamic
therapy for treatment of cancer include the U.S. Patent Nos. 5,087,636 and 5,211,938.

Another significant, well known method for treatment of arteriosclerotic abnormalities
includes localized intercoronary radiation therapy. This therapy is reviewed in Localized
Intercoronary Gamma Radiation Therapy to Inhibil the Recurrence of Restenosis after Stenting,
and Endoluminal Beta Radiation Therapy for the Prevention of Coronary Restenosis after
Balloon Angioplasty, The New England Journal of Medicine, 344(4)243-56 (2001). The studies

reported therein indicate significanily lowered rates of clinical and angiographic restenosis

following radiation therapy.
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There are also a number of references which further disclose radiation therapy for
arteriosclerotic abnormalities including U.S. Patent Nos. 6,422,989; 6,422,988, 6,935,016;
6,387,350; 6,358,989; and 6,235,767.

Finally, there is a known treatment for cancer which utilizes metaloporphyrins to deliver
site selective radiation therapy. More specifically, U.S. Patent No. 5,391,547 discloses a method
for using porphyrins to detect lung cancer by the use of tetra-aryl porphyrins. The porphyrins
are used as fluorescent tracers for cancers of the lung, The porphyrins are complexed with #Cu
or 'Cu. Thus, the complex can be used as radiotracers as well. The “Cu provides a source of
beta radiation for selective destruction of lung malignancies as well as gamma radiation useful
for image analysis, as by a single photon emission computed tomography (SPECT). The #Cu
as a positron emitter, may be used for radiotracing wherein positron emission tomography (PET)
techniques can be used to locate the malignant tissue.

While the aforementioned radiation treatments for arteriosclerotic abnormalities have
shown some promise, one significant drawback to known procedures is the inability to
effectively localize the radio compounds in the targeted tissue. Furthermore, such radiation
treatment is typically done after there has already been an interventional procedure conducted,
such as balloon angioplasty or stent emplacement. Thus, such radiation is primarily used as a
follow-up treatment and not an initial treatment of arteriosclerotic abnormalities,

While photodynamic therapy also has been proven to be effective in prevention of
arteriosclerosis, photodynamic therapy in practice is extremely difficult to incorporate because
an illuminating catheter must be delivered to the damaged arterial locations and even after the
catheter has reached the site to be treated, normal blood flow through the arteries further
complicates the ability to deliver an effective intensity of light to the targeted tissue.

Therefore, while photodynamic therapy and radiation treatment can potentially be
effective, there is still a need for a non-interventional procedure for treatment of arteriosclerotic
abnormalities which provides not only an initial screening or diagnosis, but also may be
simultaneously used for actual treatment of the affected blood vessels to reduce and destroy

plaque and prevent or eliminate restenosis.
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Summary of the Invention

The present invention provides a method for diagnosis, visualization and treatment for
arteriosclerotic abnormalities. The method is non-invasive and can be utilized to remove
arteriosclerotic plaque at any inter-arterial site in the body. This new modality of treatment can
be directed at arteries which have had no previous surgical intervention, as well as those sites
which have been previously treated such as by balloon angioplasty or stent emplacement.

The present invention makes use of porphyrin compounds complexed with various metals
such as silver (Ag), aluminum (Al}, cadmium {Cd), cobalt (Co), chromium (Cr), copper (Cu},
iron (Fe), gadolinium (Gd), indium (In), lutetium (Lu), magnesium (Mg), manganese (Mn),
nickel (Ni), palladium (Pd), platinum (Pt), rhodium (Rh), rutbenium (Ru), scandium (Sc), silicen
(Si), tin (Sn), titanium oxide (Ti0), vanadium oxide (VO), ytterbium (Yb) and zinc (Zn). These
complexes are generally categorized as metaloporphyrins meaning a porphyrin moiety having
a chelated radioactive isotope of a metal atom. These metaloporphyrins are further processed
so that the metal is in the form of a radioactive isotope. The resulting radioactive
metaloporphyrins thereby constitute radiopharmaceuticals that can be intravenously introduced
to the patient. The affinity of the smooth muscle cells and fibrous tissue (plague) for porphyrins
results in selective uptake of the radioactive metaloporphyrin, thereby effecting targeted delivery
of therapeutic radiopharmaceuticals to plaque lesions. In the instance of elemental copper
chelated by the porphyrin, the copper can be transformed to radioactive Cu. In this way,
introduction of the metaloporphyrin radiopharmacuetical to the patient is an effective means of
targeted or site-selective deliver of measured radiation therapy to the targeted arteriosclerotic
tissue. Additionally, these metaloporphyrin complexes still provide the ability to simultanecusly
conduct fluorescence detection and phototherapy if desired. Also, the metaloporphyrins provide
the ability for observation of the areas of plaque buildup through PET scanning (for example,
through use of #*Cu) or SPECT scanning (for example, through use of ©Cu). Metaloporphyrins
complexed with ’Cu, also provide a source of beta radiation for the selective destruction of
plaque sttes.

Accordingly, the method of the invention provides a non-invasive (non-surgical)

procedure, and also provides various options for initial diagnosis and treatment of plaque
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buildup. The natural affinity of the proliferating tissues for the porphyrin compounds provides

an effective means for delivering radiation to the affected tissue.

Detailed Description of the Inventign
In addition to use of known porphyrins, a number of additional photo-sensitive

compounds may be complexed with selected metals. These additional compounds include,
without limitation, 5-amino levulenic acid (5-ALA), protoporphyrin IX, TCPP, hematoporphyrin
derivative, photofrin, photofrin II, uroporphyrin, coproporphyren, tetraphenylporphinesulfonate
(TPPS) and tetraporphen (4, N-methylulpyridil) (TMPP). Each of these photosensitive
compounds, to include the below listing of metaloporphyrins are available from Frontier
Scientific (formerly Porphyrin Products), of Logan Utah. These commercially available
metaloporphyrins are further treated to convert the elemental metals to radioactive isotopes.
Conversely, these radioactive metaloporphyrins useful as radiopharmaceutical agents may be
formed by purchasing or isolating radioactive metals of interest which are then combined with
the desired porphyrin molecules to form radioactive metaloporphyrins. U.S. Patent No.
5,391,547 is hereby incorporated by reference for purposes of disclosing the use of
metaloporphyrins and the methods by which metaloporphyrins are manufactured and combined
with metal isotopes. Some of the metaloporphyrins suitable for use in the present invention that
are commercially available through Frontier Scientific include Protoporphyrin IX and derivatives
thereof including Protoporphyrin IX Dimethyl Ester, Protoporphyrin  IX Acid, and
Protoporphyrin IX Na Salt; Porphine; Octaethylporphine; Hematoporphyrin IX and derivatives
thereof including Hematoporphyrin D and Hematoporphyrin IX Dimethyl Ester; Etioporphyrin
and Etioporphyrin [; meso-Tetraphenylporphine and derivatives thereof including meso-Tetra
(N-methyl-4-Pyridyl) porphine, meso-Tetra (4-Pyridyl) porphine, meso-Tetra
(4-sulfonatophenyl) porphine and meso-Tetra (4-carboxyphenyl) porphine; Coproporphyrin Iand
Coproporphyrin III; Deuteroporphyrin IX and derivatives thereof including Deuteroporphyrin
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IX Bis Glycol and Deuteroporphyrin Disulfonic Acid; Mesoporphyrin IX; Tetra Tosylate;
Uroporphyrin [; and Iso-hematoporphyrin IX. Each of these porphyrins may be complexed with
a radioactive isotope as desired.

Now referring to Figure 1, the first step in the method is to introduce the radio tagged
porphyrin compound to a patient having been diagnosed with, or having a suspected plaque
buildup. The administration may be conducted by intravenous administration of the porphyrin
radiopharmaceutical or may be conducted through a catheter specifically placed to direct the
porphyrin radiopharmaceutical to a specific arterial site within the patient. This is shown as step
10. The necessary period of time is then given to allow cel! uptake of the compound, shown at
block 12. In block 14, tomographic scanning can be conducted to determine sites of plaque
buildup. If no appreciable arteriosclerotic abnormalities are observed, then the procedure is
complete; however, if arteriosclerotic abnormalities are found, delivery of the radio tagged
compound results in selective ionizing radiation of the intra-arterial tissue occurring, shown at
step 16. As necessary, step 16 can be repeated by repeated introduction of the radio-tagged
porphyrin compound or the further introduction of a different radio-tagged porphyrin compound,
thercby enabling a selective number of radiation treatments to take place in order to destroy the
targeted tissue. Repeated radiation treatment is shown as optional step 18. Although step 16 is
shown as a separate step, it shall be understood that the radiation treatment takes place
simultaneously each time a patient is provided the radio-tagged porphyrin compound, even with
the initial administration. Additionally, for each necessary radiation therapy treatment, the
particular metaloporphyrin can be dosed with the desired amount and type of radioactive material
thereby providing adjustability for delivering the desired amount of radiation and type of
radiation. As also mentioned above, if it were desired to actually visualize the destruction of the
targeted tissue, an interventional procedure could take place such as by introduction of a catheter
to the targeted area. Using photo-detection methodology, the tissue can be observed to confirm
the results of the treatment. This optional step is shown asstep 20. Additionally, photo-dynamic
therapy could also be conducted if an interventional procedure was performed to record and/or
confirm the results of the procedure. This is shown as optional step 22. Further, an
interventional procedure such as balloon angioplasty or stent emplacement can be augmented by

the use of the porphyrin radiopharmaceuticals of the present invention. By this means, the
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porphyrin radiopharmaceuticals are administered prior to or after performing the interventional
procedure to enhance the benefits gained from the interventional therapy and te decrease or
eliminate the rate of restenosis seen following these procedures.

The ability to simultaneously conduct a non-interventional diagnostic procedure and to
simultaneously provide treatment is a very clear advantageous use of metaloporphyrins in
diagnosing and treating arteriosclerotic abnormalities. The porphyrin which is used as a carrier
for delivering the radiation to the patient also helps to localize the radioactive material in the
tissue that requires the treatment. As described in U.S. Patent No. 5,391,547, these porphyrin-
based therapeutic agents may additionally localize to cancers of the lung. Thus, as an additional
benefit of the therapeutic treatment of arteriosclerotic plaque, these metaloporphyrin
radiopharmaceuticals may additionally detect and treat any cancerous tissue present in patients
in need of treatment for arteriosclerotic plaque.

Referring specifically to the use of isotopes of copper, a metaloporphyrin complexed with
5’Cu provides not only the ability to conduct visualization through SPECT scanning, but the “’Cu
also provides beta radiation for purposes of providing radiation therapy. #Cu is a positron
emitter which does not allow for radiation treatment; however, ¥Cu can be utilized for purposes
of conducting PET scanning. Therefore, it is also contemplated within the spirit and scope of
the invention to provide metaloporphyrins for tomographic scanning, and other metaloporphyrins
for radiation treatment. Thus, it is also contemplated that the metaloporphyrin complexes may
be specifically designed to produce gamma, positron, and beta emissions as desired to enable the
desired type of tomographic scanning, as well as radiation therapy. Moreover, it is possible to
use a first radioactive metaloporphyrin for diagnosis or visualization of arteriosclerotic plaque
followed by the use of a sccond radioactive metalophophyrin for treatment of any arteriosclerotic
tissue found with the first radicactive metalophophyrin. In this way, the porphyrin and/or the
radioactive isotope may be chosen due to their respective suitability for the procedure performed;
either detection or destruction of the arteriosclerotic tissue. For exampie, the initial diagnosis
and imaging may be conducted with a #Cu-containing porphyrin while any subsequent treatment
of arteriosclerosis may be performed with ’Cu -containing porphyrin. Further to modifying or
selecting the porphyrin and intercalated radioactive isotope for specific procedures, the porphyrin

and isotope may be selected for repetition of the therapy. Finally, it is contemplated that the
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therapy may also be modified in number and frequency of repetitive treatments based on the

porphyrin and/or radioactive isotope used.
This application has been described with respect to a preferred embod

various modifications can be made which fall within the spirit and scope of the invention.

iment; however,

4. Brief Explanation of the Drawings

Figure 1 is a simplified flow diagram illustrating the major steps in the method by use

of the porphyrin complexes for radio tracing through scanning and radiation therapy.
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ABSTRACT
A method for diagnosis and treatment of arteriosclerotic Jesions is provided wherein the
ical compound to the patient, the compound being
ve portion. Cells which exhibitan affinity

oactive portion within the

method is characterized by introducing a chem
acomplex of a photosensitive portion, and a radioacti

for the porphyrin element indicate sites of plaque buildup. The radi

compound allows tomographic scanning as well as simultaneous radiation treatment. The

complexed compound can be introduced to the patient a desired number of times to provide the

necessary radiation treatment and ongoing monitoring of plaque removal. Further observation

or treatment may be conducted through a fluorescence guided endoscopic procedure.
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