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LASER/SENSITIZER ASSISTED
IMMUNOTHERAPY

This application is a continuation of application Ser. No.
08/416,158 filed on Apr. 4, 1995 now abandoned.

BACKGROUND OF THE INVENTION
1. Technical Field

The present invention relates generally to a method for
treating neoplasms. More specifically, the invention com-
bines photodynamic therapy and tumor immunotherapy to
induce neoplastic cellular destruction and to stimulate the
self-immunological defense system against residual neo-
plastic cells.

2. Background

A neoplasm is an abnormal tissue that grows by cellular
proliferation more rapidly than normal. It continues to grow
even after the stimulus that initiated its growth dissipates.
Neoplasms show a partial or complete lack of structural
organization and functional coordination with the normal
tissue and usually form a distinct mass which may be either
benign or malignant.

Cancer is a general term frequently used to indicate any
of the various types of malignant neoplasms, most of which
invade surrounding tissues, may metastasize to several sites,
and are likely to recur after attempted removal and to cause
death of the patient unless adequately treated. Cancer can
develop in any tissue of any organ at any age.

Once an unequivocal diagnosis of cancer is made, treat-
ment decisions become paramount. Though no single treat-
ment approach is applicable to all cancers, successful
therapy must be focused on the primary tumor and its
metastases, whether clinically apparent or microscopic.

Conventional Treatments

Historically, local and regional therapy, such as surgery or
radiation, have been used in cancer treatment, along with
systemic therapy, e.g., drugs.

Surgery is the oldest effective form of cancer therapy. In
1988, about 1,500,000 persons developed cancer; of those,
about 515,000 had cancer of either the skin or cervix. About
985,000 had other systemic forms; 64% had operable
lesions, with an estimated cure rate of 62%. Cancers that
may be positively influenced with surgery alone, if detected
in early stages, include those of the cervix, breast, bladder,
colon, prostate, larynx, endometrium, ovary, oral cavity,
kidney, testis (nonseminomatous) and lung (non-small cell).
It must be noted, however, that the percentage rate of
treatment success varies greatly between the cancer sites.

Radiation plays a key role in the remediation of
Hodgkin’s disease, nodular and diffuse non-Hodgkin’s
lymphomas, squamous cell carcinoma of the head and neck,
mediastinal germ-cell tumors, seminoma, prostate cancer,
carly stage breast cancer, early stage non-small cell lung
cancer, and medulloblastoma. Radiation can be used as
palliative therapy in prostate cancer and breast cancer when
bone metastases are present, in multiple myeloma, advanced
stage lung and esophagopharyngeal cancer, gastric cancer,
and sarcomas, and in brain metastases. Cancers that may be
curable with radiation alone include Hodgkin’s disease,
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2

early-stage non-Hodgkin’s lymphomas, cancers of the testis
(seminomal), prostate, larynx, cervix, and, to a lesser extent,
cancers of the nasopharynx, nasal sinuses, breast,
esophagus, and lung.

Antineoplastic drugs are those that prevent cell division
(mitosis), development, maturation, or spread of neoplastic
cells. The ideal antineoplastic drug would destroy cancer
cells without adverse effects or toxicities on normal cells,
but no such drug exists. Despite the narrow therapeutic
index of many drugs, however, treatment and even cure are
possible in some patients. Certain stages of
choriocarcinoma, Hodgkin’s disease, diffuse large cell
lymphoma, Burkitt’s lymphoma and leukemia have been
found to be susceptible to antineoplastics, as have been
cancers of the testis (nonseminomatous) and lung (small
cell). Common classes of antineoplastic drugs include alky-
lating agents, antimetabolites, plant alkaloids, antibiotics,
nitrosoureas, inorganic ions, enzymes, and hormones.

Despite some success, the above treatments are not effec-
tive to the degree desired, and the search has continued for
more efficacious therapies.

Recent Advances

Two of the more recent oncological treatment modalities
investigated by the medical community are photodynamic
therapy and tumor immunotherapy.

I. Photodynamic Therapy

It has been known for many years that photosensitizing
compounds show a photochemical reaction when exposed to
light. Photodynamic therapy (PDT) uses such photosensi-
tizing compounds and lasers to produce tumor necrosis.
Treatment of solid tumors by PDT usually involves the
systemic administration of tumor localizing photosensitizing
compounds and their subsequent activation by laser. Upon
absorbing light of the appropriate wavelength the sensitizer
is converted from a stable atomic structure to an excited
state. Cytotoxicity and eventual tumor destruction are medi-
ated by the interaction between the sensitizer and molecular
oxygen within the treated tissue to generate cytotoxic singlet
oxygen.

Two good general references pertaining to PDT, biomedi-
cal lasers and photosensitizing compounds, including light
delivery and dosage parameters, are Photosensitizing Com-
pounds: Their Chemistry, Biology and Clinical Use, pub-
lished in 1989 by John Wiley and Sons Ltd., Chichester,
U.K., ISBN 0471 92308 7, and Photodynamic Therapy and
Biomedical Lasers: Proceedings of the International Con-
ference on Photodynamic Therapy and Medical Laser
Applications, Milan, Jun. 24-27, 1992, published by
Elsevier Science Publishers B.V., Amsterdam, The
Netherlands, ISBN 0 444 81430 2, both incorporated herein
by reference.

United States patents related to PDT include U.S. Pat.
Nos. 5,095,030 and 5,283,225 to Levy et al.; U.S. Pat. No.
5,314,905 to Pandey et al; U.S. Pat. No. 5,214,036 to
Allison et al; and U.S. Pat. No. 5,258,453 to Kopecek et al.,
all of which are incorporated herein by reference. The Levy
patents disclose the use of photosensitizers affected by a
wavelength of between 670-780 nm conjugated to tumor
specific antibodies, such as receptor-specific ligands, immu-
noglobulins or immunospecific portions of immunoglobu-
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lins. The Pandey patents are directed to pyropheophorbide
compounds for use in standard photodynamic therapy. Pan-
dey also discloses conjugating his compositions with ligands
and antibodies. The Allison patent is similar to the Levy
patents in that green porphyrins are conjugated to lipocom-
plexes to increase the specificity of the porphyrin com-
pounds for the targeted tumor cells. The Kopecek patent also
discloses compositions for treating cancerous tissues. These
compositions consist of two drugs, an anti-cancer drug and
a photoactivatable drug, attached to a copolymeric carrier.
The compositions enter targeted cells by pinocytosis. The
anti-cancer drug acts after the targeted cell has been invaded.
After a period of time, a light source is used to activate the
photosensitized substituent.

II. Tumor Immunotherapy

The major functions of the immune system are to develop
the concept of “self” and eliminate what is “nonself”.
Although microorganisms are the principal nonself entities
encountered every day, the immune system also works to
eliminate neoplasms and transplants. See Chapters 18 and
103 of The Merck Manual of Diagnosis and Therapy,
Sixteenth Edition, published in 1992 by Merck Research
Laboratories of Rahway, N.J., ISBN 0911910-16-6 and
0076-6526; the same being incorporated herein by refer-
ence.

There are several distinct types of immunity. Nonspecific,
or innate, immunity refers to the inherent resistance mani-
fested by a species that has not been immunized (sensitized
or allergized) by previous infection or vaccination. Its major
cellular component is the phagocytic system, whose func-
tion is to ingest and digest invading microorganisms. Phago-
cytes include neutrophils and monocytes in the blood and
macrophages in the tissues. Complement proteins are the
major soluble component of nonspecific immunity. Acute
phase reactants and cytokines, such as interferon, are also
part of innate immunity.

Specific immunity is an immune status in which there is
an altered reactivity directed solely against the antigenic
determinants (infectious agent or other) that stimulated it. It
is sometimes referred to as acquired immunity. It may be
active and specific, as a result of naturally acquired
(apparent or inapparent) infection or intentional vaccination;
or it may be passive, being acquired from a transfer of
antibodies from another person or animal. Specific immu-
nity has the hallmarks of learning, adaptability, and memory.
The cellular component is the lymphocyte (e.g., T-cells,
B-cells, natural killer (NK) cells), and immunoglobulins are
the soluble component.

The action of T-cells and NK-cells in recognizing and
destroying parasitized or foreign cells is termed cell-
mediated immunity. In contradistinction to cell-mediated
immunity, humoral immunity is associated with circulating
antibodies produced, after a complex recognition process, by
B-cells.

As regards tumor immunology, the importance of lym-
phoid cells in tumor immunity has been repeatedly shown.
A cell-mediated host response to tumors includes the con-
cept of immunologic surveillance, by which cellular mecha-
nisms associated with cell-mediated immunity destroy
newly transformed tumor cells after recognizing tumor-
associated antigens (antigens associated with tumor cells
that are not apparent on normal cells). This is analogous to
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4

the process of rejection of transplanted tissues from a
nonidentical donor. In humans, the growth of tumor nodules
has been inhibited in vivo by mixing suspensions of a
patient’s peripheral blood lymphocytes and of tumor cells,
suggesting a cell-mediated reaction to the tumor. In vitro
studies have shown that lymphoid cells from patients with
certain neoplasms show cytotoxicity against corresponding
human tumor cells in culture. These cytotoxic cells, which
are generally T-cells, have been found with neuroblastoma,
malignant melanomas, sarcomas, and carcinomas of the
colon, breast, cervix, endometrium, ovary, testis,
nasopharynx, and kidney. Macrophages may also be
involved in the cell-mediated host’s response to tumors
when in the presence of tumor-associated antigens, lym-
phokines or interferon.

Humoral antibodies that react with tumor cells in vitro
have been produced in response to a variety of animal
tumors induced by chemical carcinogens or viruses. Hydri-
doma technology in vitro permits the detection and produc-
tion of monoclonal antitumor antibodies directed against a
variety of animal and human neoplasms. Antibody-mediated
protection against tumor growth in vivo, however, has been
demonstrable only in certain animal leukemias and lympho-
mas. By contrast, lymphoid cell-mediated protection in vivo
occurs in a broad variety of animal tumor systems.

Immunotherapy for cancer is best thought of as part of a
broader subject, namely biologic therapy, or the administra-
tion of biologic-response modifiers. These agents act
through one or more of a variety of mechanisms (1) to
stimulate the host’s antitumor response by increasing the
number of effector cells or producing one or more soluble
mediators; (2) to serve as an effector or mediator; (3) to
decrease host suppressor mechanisms; (4) to alter tumor
cells to increase their immunogenicity or make them more
likely to be damaged by immunologic processes; or (5) to
improve the host’s tolerance to cytotoxics or radiation
therapy. Heretofore the focus of cell-mediated tumor immu-
notherapy has been on reinfusion of the patient’s lympho-
cytes after expansion in vitro by exposure to interleukin-2.
One variation includes isolating and expanding populations
of lymphocytes that have infiltrated tumors in vivo,
so-called tumor-infiltrating lymphocytes. Another is the con-
current use of interferon, which is thought to enhance the
expression of histocompatibility antigens and tumor-
associated antigens on tumor cells, thereby augmenting the
killing of tumor cells by the infused effector cells.

Humoral therapy, on the other hand, has long concen-
trated on the use of antitumor antibodies as a form of passive
immunotherapy, in contrast to active stimulation of the
host’s own immune system. Another variation is the conju-
gation of monoclonal antitumor antibodies with toxins, such
as ricin or diphtheria, or with radioisotopes, so the antibod-
ies will deliver these toxic agents specifically to the tumor
cells. Active immunization with a host’s own tumor cells,
after irradiation, neuraminidase treatment, hapten
conjugation, or hybridization has also been tried. Clinical
improvement has been seen in a minority of patients so
treated. Tumor cells from others have been used after their
irradiation in conjunction with adjuvants in acute lympho-
blastic leukemia and acute myeloblastic leukemia after
remission. Prolongation of remissions or improved reinduc-
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tion rates have been reported in some series, but not in most.
Interferons, tumor necrosis factor and lymphotoxins have
also been used to affect immunologically mediated mecha-
nisms. A recent approach, using both cellular and humoral
mechanisms, is the development of “heterocross-linked
antibodies,” including one antibody reacting with the tumor
cell linked to a second antibody reacting with a cytotoxic
effector cell, making the latter more specifically targeted to
the tumor. Host immune cell infiltration into a PDT treated
murine tumor has been reported.

Combined PDT and Immunotherapy

The potential for combining PDT with immunotherapy
was explored by Krobelik, Krosl, Dougherty and Chaplin.
See Photodynamic Therapy and Biomedical Lasers, supra,
at pp. 518-520. In their study, they investigated a possibility
of amplification of an immune reaction to PDT and its
direction towards more pervasive destruction of treated
tumors. The tumor, a squamous cell carcinoma SCCVII, was
grown on female C3H mice. An immunoactivating agent
SPG (a high molecular weight B-glucan that stimulates
macrophages and lymphoid cells to become much more
responsive to stimuli from cytokines and other immune
signals) was administered intramuscularly in 7 daily doses
either ending one day before PDT or commencing immedi-
ately after PDT. Photofrin based PDT was employed;
photofrin having been administered intravenously 24 hours
before the light treatment. The SPG immunotherapy was
shown to enhance the direct killing effect of the PDT. The
indirect killing effect (seen as a decrease in survival of tumor
cells left in situ) was, however, much more pronounced in
tumors of animal not receiving SPG. The difference in the
effectiveness of SPG immunotherapy when performed
before and after PDT suggested that maximal interaction is
achieved when immune activation peaks at the time of the
light delivery or immediately thereafter. With SPG starting
after PDT (and attaining an optimal immune activation 5-7
days later), it is evidently too late for a beneficial reaction.

In another study the use of PDT to potentiate the effect of
bioreactive drugs that are cytotoxic under hypoxic condi-
tions was investigated. See Photodynamic Therapy and
Biomedical Lasers, supra, at pp. 698=701. It was found that
the antitumor activity of such drugs can be enhanced in vivo
when they are used in combination with treatments that
increase tumor hypoxia.

Object

It is an object of this invention to improve the treatment
of neoplasms by combining photodynamic and immuno-
logic therapies in such a way as to cause immediate neo-
plastic cellular destruction while concomitantly stimulating
the self-immunological defense system against proliferation
of residual or metastatic neoplastic cells.

SUMMARY OF THE INVENTION

According to the present invention, the foregoing and
other objects and advantages are attained by introducing a
chromophore and an immunoadjuvant into a neoplasm. The
neoplasm is then lased at an irradiance sufficient to induce
neoplastic cellular destruction and to stimulate cell-
mediated and humoral immune responses.

10

15

20

25

30

35

40

45

50

55

60

65

6

In accordance with one aspect of the invention, a
neoplasm, such as a malignant tumor, is injected with a
solution containing a chromophore and an immunoadjuvant.
A low energy laser emitting a wavelength of radiation
complementary to that of the chromophore is then focused
on the neoplasm for a duration sufficient to elevate the
temperature of the neoplasm to a level that induces neoplas-
tic cellular destruction and stimulates the self-
immunological defense system against neoplastic cellular
multiplication. A number of alternative chromophores and
immunoadjuvants are provided, along with irradiance
parameters.

In accordance with another aspect of the invention, a
solution of indocyanine green (ICG) and glycated chitosan
is prepared at a concentration of 0.1 to 2% of ICG to
chitosan. The solution is injected into the neoplasm at a
dosage of 70 to 400 ul. The neoplasm is then lased using a
laser having a power of about 5 watts and a wavelength of
radiation capable of readily penetrating normal cellular
tissues without significant disruption. The irradiation con-
tinues for a duration of 1 to 10 minutes, which is sufficient
to elevate the temperature of the neoplasm to a level that
induces neoplastic cellular destruction and stimulates cell-
mediated and humoral immune responses.

The present invention has several advantages over other
conventional and unconventional treatment modalities. The
combination of sensitizer and immune-stimulation adjuvant
is the key. The most significant advantage is a combined
acute and chronic tumor destruction. The acute tumor loss is
caused by photovaporization, photoablation or thermal kill-
ing of the neoplastic tissue, on a large and controlled scale,
in the immediate area, reducing the tumor burden and hence
the base of multiplication so that the self-defense system can
fight a weaker enemy. When photothermal destruction
occurs, the fragmented tissue and cellular molecules are
disbursed within the host in the presence of the immuno-
logically potentiating material, such as chitosan. In effect, an
in situ vaccine is formed. This mixture of materials then
circulates in the host and is detected by the immunological
surveillance system. There follows an immediate mobiliza-
tion of cell-mediated immunity which encompasses
NK-cells and recruited killer T-cells. These cells migrate to
the sites of similar antigens or chemicals. In time, the
cell-mediated immunity shifts to a humoral immunity with
the production of cytotoxic antibodies. These antibodies
freely circulate about the body and attach to cells and
materials for which they have been encoded. If this attach-
ment occurs in the presence of complement factors, the
result is cellular death. The time frames for these two
immunologic modes of action are 0 to 2 weeks for the
cell-mediated response, while the humoral arm matures at
approximately 30 days and should persist for long periods,
up to the life span of the host.

As the wavelength of radiation used is not readily
absorbed by normal cellular tissues, collateral damage is
reduced to a tolerable level. Particularly when the laser
power is carefully chosen under a certain damage threshold,
the laser will do little damage to tissue in the path of the
leaser beam, such as skin. This characteristic makes a
non-invasive treatment possible. Even in the case where
diseased tissues are deep inside the body, an endoscope and
fiber optics can easily reach the treatment site.
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A chromophore of a complementary absorption wave-
length makes the laser treatment highly selective. Only the
chromophore injected area sustains noticeable tissue dam-
age. The concentration of chromophore, the dosage of
chromophore and immunoadjuvant, and the timing of
administration allow for temporal and spatial control of the
induced photothermal effect. The optimal administration can
be achieved by considering the physical and chemical char-
acteristics of the chromophore and by considering the tissue
responses to the photothermal interaction. Equally important
are the natural reactions between the chromophore and its
host tissues without any laser stimulation, such as the
molecules breaking down over time, as well as the migration
of molecules through the circulatory and excretory systems.
The preferred chromophore of the present invention, ICG, is
non-toxic and can be easily excreted in a short period
through the liver and kidney.

In sum, long term survival with total cancer eradication
can be achieved by the present invention. It is a combined
result of reduced tumor burden due to photothermal inter-
actions and an enhanced immune system response due to the
presence of chitosan or other immunomodulators.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in this art from
the following detailed description, wherein there is shown
and described only the preferred embodiments of the
invention, simply by way of illustration of the best mode
contemplated for carrying out the invention. As will be
realized, the invention is capable of modifications in various
obvious respects, all without departing from the invention.
Accordingly, the description should be regarded as illustra-
tive in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart related to a study of murine mammary
tumors showing tumor burden over time for a particular
murine subject whose primary tumor was treated in the
manner of the present invention.

FIG. 2 is a chart similar to FIG. 1 for a second treated
murine subject.

FIG. 3 is a chart showing tumor burden over time for
untreated secondary tumors in the murine subject of FIG. 1.

FIG. 4 is a chart showing tumor burden over time for
untreated secondary tumors in the murine subject of FIG. 2.

FIG. 5 is a chart showing tumor burden over time for three
other treated murine subjects.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention combines photodynamic and
immunologic therapies by introducing both a chromophore
and an immunoadjuvant (also called immunomodulator or
immunopotentiator) into a neoplasm. Upon application of a
laser irradiance sufficient to induce neoplastic cellular
destruction, cell-mediated and humoral immune responses
to the neoplastic antigens thus released are stimulated
(enhanced) by the immunoadjuvant component.

The chromophore and immunoadjuvant are preferably
combined into a solution for injection into the center of the
tumor mass. It should be recognized however that other
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methods may be sufficient for localizing the chromophore
and immunoadjuvant in the tumor site. One such alternative
delivery means is conjugation of the chromophore or immu-
noadjuvant or both to a tissue specific antibody or tissue
specific antigen, such that delivery to the tumor site is
enhanced. Any one method, or a combination of varying
methods, of localizing the chromophore and immunoadju-
vant in the tumor site is acceptable so long as the delivery
mechanism insures sufficient concentration of the compo-
nents in the neoplasm.

The selection of an appropriate chromophore is largely a
matter of coordination with an acceptable laser wavelength
of radiation. The wavelength of radiation used must, of
course, be complementary to the photoproperties (i.e.,
absorption peak) of the chromophore. Other chromophore
selection criteria include ability to create thermal energy, to
evolve singlet oxygen and other active molecules, or to be
toxic in their own right such as cis-platinin. In the present
invention, the preferred wavelength of radiation is 808+10
nm. The desired chromophores have strong absorption in the
red and near-infrared spectral region for which tissue is
relatively transparent. Another advantage of this wavelength
is that the potential mutagenic effects encountered with
UV-excited sensitizers are avoided. Nevertheless, wave-
lengths of between 150 and 2000 nm may prove effective in
individual cases. The preferred chromophore is indocyanine
green. Other chromophores may be used, however, their
selection being based on desired photophysical and photo-
chemical properties upon which photosensitization effi-
ciency and photocytotoxicity are dependent. Examples of
alternative chromophores include, but are not limited to,
DHE (polyhaematoporphrin ester/ether), m-THPP (tetra
(meta-hydroxyphenyl)porphyrin), AIPcS, (aluminium
phthalocyanine tetrasulphonate), ZnET2 (zinc aetio-
purpurin), and Bchla (bacterio-chlorophyll a).

The preferred immunomodulator is chitosan. Chitosan is
a derivative of chitin, a compound usually isolated from the
shells of some crustaceans such as crab, lobster and shrimp.
Chitin is a linear homopolymer co