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ABSTRACT 

The present invention combines physical and immunologic 
therapies for the treatment of neoplasms by conditioning a 
targeted neoplasm With an immunoadjuvant (also called 
immuno-modulator or immunopotentiator) and then physi 
cally destroying the conditioned neoplasm. A number of 
physical therapies can be used to achieve the physical 
destruction of the conditioned tumor mass. 
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COMBINED PHYSICAL AND IMMUNOTHERAPY 
FOR CANCER 

RELATED APPLICATIONS 

[0001] This application is a continuation of copending 
US. patent application Ser. No. 10/008,531, ?led Nov. 5, 
2001, Which is a continuation of US. patent application Ser. 
No. 09/044,365, ?led Mar. 19, 1998, now US. Pat. No. 
6,316,007, Which claims the bene?t of US. provisional 
application Ser. No. 60/041,327, ?led Mar. 20, 1997, and is 
a continuation-in-part of US. patent application Ser. No. 
08/720,685, ?led Oct. 2, 1996, now US. Pat. No. 5,747,475, 
Which is a continuation-in-part of US. patent application 
Ser. No. 08/416,158, ?led Apr. 4, 1995, abandoned, all such 
applications being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates generally to methods 
for treating neoplasms and products derived therefrom and, 
more speci?cally, to treatment methods combining direct 
physical tumor therapy and immunotherapy in order to 
induce immediate neoplastic cellular destruction and simul 
taneously stimulate the self-immunological defense system 
against residual neoplastic cells. 

[0004] 2. Background: 

[0005] 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. 

[0006] 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 sev 
eral 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. 

[0007] Once an unequivocal diagnosis of cancer is made, 
treatment decisions become paramount. Though no single 
treatment 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 

[0008] Historically, local and regional therapy, such as 
surgery or radiation, have been used in cancer treatment, 
along With systemic therapy, e.g., drugs. 

[0009] 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%. Can 
cers that may be positively in?uenced With surgery alone, if 
detected in early stages, include those of the cervix, breast, 
bladder, colon, prostate, larynx, endometrium, ovary, oral 
cavity, kidney, testis (nonsemino-matous) and lung (non 
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small cell). It must be noted, hoWever, that the percentage 
rate of treatment success varies greatly betWeen the cancer 
sites. 

[0010] Radiation plays a key role in the remediation of 
Hodgkin’s disease, nodular and diffuse non-Hodgkin’s lym 
phomas, squamous cell carcinoma of the head and neck, 
mediastinal germ-cell tumors, seminoma, prostate cancer, 
early 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, 
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, esopha 
gus, and lung. 

[0011] 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 choriocarci 
noma, 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 alkylating agents, 
antimetabolites, plant alkaloids, antibiotics, nitrosoureas, 
inorganic ions, enZymes, and hormones. 

[0012] Despite some success, the above treatments are not 
effective to the degree desired, and the search has continued 
for more ef?cacious therapies. 

Recent Advances 

[0013] TWo of the more recent oncological treatment 
modalities investigated by the medical community are pho 
todynamic therapy and tumor immunotherapy. 

[0014] 
[0015] It has been knoWn for many years that photosen 
sitiZing compounds shoW a photochemical reaction When 
exposed to light. Photodynamic therapy (PDT) uses such 
photosensitiZing compounds and lasers to produce tumor 
necrosis. Treatment of solid tumors by PDT usually involves 
the systemic administration of tumor localiZing photosensi 
tiZing 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 mediated by the interaction betWeen the sensitiZer and 
molecular oxygen Within the treated tissue to generate 
cytotoxic singlet oxygen. 

I. Photodynamic Therapy 

[0016] TWo good general references pertaining to PDT, 
biomedical lasers and photosensitiZing compounds, includ 
ing light delivery and dosage parameters, are Photosensitiz 
ing Compounds: Their Chemistry, Biology and Clinical Use, 
published in 1989 by John Wiley and Sons Ltd., Chichester, 
UK, ISBN 0 471 92308 7, and Photodynamic Therapy and 
Biomedical Lasers: Proceedings of the International Con 
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ference 0n Photodynamic Therapy and Medical LaserAppli 
cations, Milan, 24-27 June 1992, published by Elsevier 
Science Publishers B.V., Amsterdam, The Netherlands, 
ISBN 0 444 81430 2, both incorporated herein by reference. 

[0017] United States patents related to PDT include US. 
Pat. Nos. 5,095,030 and 5,283,225 to Levy et al.; US. Pat. 
No. 5,314,905 to Pandey et al.; US. Pat. No. 5,214,036 to 
Allison et al; and US. 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 
speci?c antibodies, such as receptor-speci?c ligands, immu 
noglobulins or immunospeci?c portions of immunoglobu 
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 speci?city 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. 

[0018] 
[0019] The major functions of the immune system are to 
develop the concept of “self” and eliminate What is “non 
self”. 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 MerckManual ofDiagnosis 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. 

II. Tumor Immunotherapy 

[0020] There are several distinct types of immunity. Non 
speci?c, or innate, immunity refers to the inherent resistance 
manifested by a species that has not been immuniZed 
(sensitized or allergiZed) by previous infection or vaccina 
tion. Its major cellular component is the phagocytic system, 
Whose function is to ingest and digest invading microorgan 
isms. Phagocytes include neutrophils and monocytes in the 
blood and macrophages in the tissues. Complement proteins 
are the major soluble component of nonspeci?c immunity. 
Acute phase reactants and cytokines, such as interferon, are 
also part of innate immunity. 
[0021] Speci?c immunity is an immune status in Which 
there is an altered reactivity directed solely against the 
antigenic determinants (infectious agent or other) that stimu 
lated it. It is sometimes referred to as acquired immunity. It 
may be active and speci?c, 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. Speci?c 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. 

[0022] The action of T-cells and NK-cells in recogniZing 
and destroying parasitiZed or foreign cells is termed cell 
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mediated immunity. In contradistinction to cell-mediated 
immunity, humoral immunity is associated With circulating 
antibodies produced, after a complex recognition process, by 
B-cells. 

[0023] As regards tumor immunology, the importance of 
lymphoid cells in tumor immunity has been repeatedly 
shoWn. A cell-mediated host response to tumors includes the 
concept of immunologic surveillance, by Which cellular 
mechanisms 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 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, nasophar 
ynx, and kidney. Macrophages may also be involved in the 
cell-mediated host’s response to tumors When in the pres 
ence of tumor-associated antigens, lymphokines or inter 
feron. 

[0024] 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. 

[0025] Immunotherapy for cancer is best thought of as part 
of a broader subject, namely biologic therapy, or the admin 
istration of biologic-response modi?ers. 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 in?ltrated tumors in vivo, so 
called tumor-in?ltrating lymphocytes. Another is the con 
current use of interferon, Which is thought to enhance the 
expression of histocompatibility antigens and tumor-associ 
ated antigens on tumor cells, thereby augmenting the killing 
of tumor cells by the infused effector cells. 

[0026] Humoral therapy, on the other hand, has long 
concentrated 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 
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conjugation of monoclonal antitumor antibodies With toxins, 
such as ricin or diphtheria, or With radioisotopes, so the 
antibodies Will deliver these toxic agents speci?cally to the 
tumor cells. Active immunization With a host’s oWn tumor 

cells, after irradiation, neuraminidase treatment, hapten con 
jugation, 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 
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 anti 
bodies,” including one antibody reacting With the tumor cell 
linked to a second antibody reacting With a cytotoxic effector 
cell, making the latter more speci?cally targeted to the 
tumor. Host immune cell in?ltration into a PDT treated 
murine tumor has been reported. 

COMBINED PDT AND IMMUNOTHERAPY 

[0027] The potential for combining PDT With immuno 
therapy Was explored by Krobelik, Krosl, Dougherty and 
Chaplin. See Photodynamic Therapy and Biomedical 
Lasers, supra, at pp. 518-520. In their study, they investi 
gated a possibility of ampli?cation 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 immunoac 
tivating 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 commenc 
ing immediately after PDT. Photofrin based PDT Was 
employed; photofrin having been administered intrave 
nously 24 hours before the light treatment. The SPG immu 
notherapy 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 
bene?cial reaction. 

[0028] In another study the use of PDT to potentiate the 
effect of bioreactive drugs that are cytotoxic under hypoxic 
conditions 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. 

[0029] In application Ser. No. 08/416,158, ?led Apr. 4, 
1995 for LASER/SENSITIZER ASSISTED IMMUNO 
THERAPY, the inventors disclosed photophysically 
destroying a tumor While at the same time generating an in 
situ autologous vaccine to provide a long term humoral 
immunity against neoplastic cellular multiplication. The 
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photothermal destruction of the tumor also initiates a host 
immune response. An in situ vaccine is formed When pho 
tothermal destruction occurs, as the fragmented tissue and 
cellular molecules are dispersed Within the host in the 
presence of an immunoadjuvant. The self-immunological 
defense system is stimulated When this mixture of materials 
circulates in the host and is detected by the immunological 
surveillance system. There folloWs an immediate mobiliZa 
tion of cell mediated immunity, Which shifts to a humoral 
immunity With the production of cytotoxic antibodies over 
time. Thus, a signi?cant improvement Was made in the 
treatment of cancer Whereby the patient is provided With not 
only immediate tumor destruction but also With the ability to 
protect the body against a proliferation of residual or meta 
static neoplastic cells. 

[0030] application Ser. No. 08/720,685, ?led Oct. 2, 
1996 for CHITOSAN DERIVED BIOMATERIALS 
is draWn to novel chitosan-derived biomaterials and 
their biomedical uses, glycated chitosan being the 
preferred immunoadjuvant used laser/sensitiZer 
assisted immunotherapy. 

[0031] Application Ser. Nos. 08/416,158 and 08/720,685 
are hereby incorporated herein by reference. 

Object 
[0032] It is an object of this invention to further improve 
the treatment of neoplasms by providing additional proce 
dures that combine direct tumor ablation and immuno 
therapy in order to induce immediate neoplastic cellular 
destruction and simultaneously stimulate the self-immuno 
logical defense system against residual neoplastic cells. 

[0033] It is a further object of the invention to provide 
methods for generating an in situ autologous vaccine and for 
deriving products useful in cancer related diagnostic and 
therapeutic procedures. 

SUMMARY OF THE INVENTION 

[0034] Laser/sensitiZer assisted immunotherapy encom 
passes introducing into a neoplasm (1) a chromophore and 
(2) an immunoadjuvant and then lasing the neoplasm at an 
irradiance suf?cient to induce neoplastic cellular destruction 
and to stimulate cell-mediated and humoral immune 
responses. 

[0035] The present invention is directed to various means 
of inducing neoplastic cellular destruction While still achiev 
ing stimulation of cell-mediated and humoral immune 
responses. 

[0036] In accordance With one aspect of the present inven 
tion, an immunoadjuvant is introduced into the targeted 
tumor to obtain a conditioned tumor and the conditioned 
tumor is ablated by heat. The hyperthermia may be gener 
ated by lasers, ultrasound, microWaves, radiofrequency 
induction or electric currents. 

[0037] In another embodiment the conditioned tumor is 
destroyed by cryotherapy. 
[0038] Thus, a number of techniques, invasive and non 
invasive, are used to induce neoplastic cellular destruction 
of a tumor conditioned With an immunoadjuvant in order to 
achieve direct killing of the tumor mass and obtain cell 
mediated and humoral immune responses. 
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[0039] The present invention has several advantages over 
other conventional and unconventional treatment modali 
ties. The most signi?cant advantage is a combined acute and 
chronic tumor destruction. The acute tumor loss is caused by 
ablation 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 ?ght a Weaker enemy. When this direct destruc 
tion 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 attachment 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. 

[0040] With the present invention collateral damage is 
reduced to a tolerable level. If a laser is used, the laser poWer 
is carefully chosen under a certain damage threshold so that 
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 
?ber optics can easily reach the treatment site. 

[0041] A chromophore of a complementary absorption 
Wavelength makes 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. 

[0042] In sum, long term survival With total cancer eradi 
cation can be achieved by the present invention. It is a 
combined result of reduced tumor burden due to direct 
ablation of the tumor mass and an enhanced immune system 
response due to conditioning the tumor With chitosan or 
other immunomodulators prior to destroying the tumor. 

[0043] 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 embodi 
ments 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 modi?cations in 
various obvious respects, all Without departing from the 
invention. Accordingly, the description should be regarded 
as illustrative in nature, and not as restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] 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 
using laser/sensitiZer assisted immunotherapy. 

[0045] FIG. 2 is a chart similar to FIG. 1 for a second 
treated murine subject. 

[0046] FIG. 3 is a chart shoWing tumor burden over time 
for untreated secondary tumors in the murine subject of 
FIG. 1. 

[0047] FIG. 4 is a chart shoWing tumor burden over time 
for untreated secondary tumors in the murine subject of 
FIG. 2. 

[0048] FIG. 5 is a chart shoWing tumor burden over time 
for three other treated murine subjects. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0049] The present invention contemplates combining 
physical and immunologic therapies for the treatment of 
neoplasms by conditioning a targeted neoplasm With an 
immunoadjuvant (also called immuno-modulator or immu 
nopotentiator) and then physically destroying the condi 
tioned neoplasm. A number of techniques or procedures can 
be used to achieve the physical destruction of the condi 
tioned tumor mass. 

[0050] A. Laser/SensitiZer Assisted Immunotherapy 

[0051] Laser/sensitiZer assisted immunotherapy Was ?rst 
described in US. patent application Ser. No. 08/416,158. In 
this modality the targeted tumor is conditioned With an 
immunoadjuvant, preferably glycated chitosan, and a chro 
mophore and is then lased, preferably in a non-invasive 
manner, With a laser having a Wavelength of absorption 
corresponding to that of the chromophore. 

[0052] The chromophore and immunoadjuvant are prefer 
ably combined into a solution for injection into the center of 
the tumor mass. It should be recogniZed hoWever that other 
methods may be suf?cient 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 speci?c antibody or tissue 
speci?c 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 suf?cient concentration of the compo 
nents in the neoplasm. 

Chromophore 

[0053] 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 chro 
mophore 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 
808110 nm. The desired chromophores have strong absorp 
tion 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 encoun 
tered With UV-eXcited sensitiZers are avoided. Nevertheless, 
Wavelengths of betWeen 150 and 2000 nm may prove 
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effective in individual cases. The preferred chromophore is 
indocyanine green. Other chromophores may be used, hoW 
ever, their selection being based on desired photophysical 
and photochemical properties upon Which photosensitiZa 
tion ef?ciency and photocytotoxicity are dependent. 
Examples of alternative chromophores include, but are not 
limited to, methylene blue, DHE (polyhaematoporphrin 
ester/ether), m-THPP (tetra(meta-hydroxyphenyl)porphy 
rin), AlPcS4 (aluminium phthalocyanine tetrasulphonate), 
ZnET2 (Zinc aetio-purpurin), and Bchla (bacterio-chloro 
phyll a). 

Glycated Chitosan 

[0054] The preferred immunomodulator is chitosan. Chi 
tosan 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 composed of 
N-acetylglucosamine units joined by [31—>4 glycosidic 
bonds. Chitin, chitosan (partially deacetylated chitin) and 
their derivatives are endoWed With interesting chemical and 
biological properties that have led to a varied and expanding 
number of industrial and medical applications. 

[0055] The presence of primary and secondary alcohol 
groups, and of primary amino groups in chitosan, facilitate 
a number of approaches for chemical modi?cations designed 
mainly to achieve their solubiliZation and to impart special 
properties for speci?c applications. Their biodegradability 
and lack of toxicity renders them “biologically friendly,” 
since their degradation products can be utiliZed for the 
biosynthesis of glycoconjugate components of living tissues. 
Chitosan and its derivatives have been utiliZed for bandages 
and sutures, burn dressings, skin substitutes, bone and dental 
prostheses, food packaging, drug encapsulation, cosmetics, 
metal chelation and associated antioxidant effects, Waste 
Water treatment, hemostasis, anticoagulants (after sulfation), 
and dye doping, among other things. 

[0056] SolubiliZation of chitin and chitosan can be 
achieved by partial hydrolysis to oligosaccharides. For chi 
tosan, treatment With a variety of acids, both organic and 
inorganic, leads to the formation of Water soluble chitoso 
nium salts by protonation of the free amino groups. Addi 
tional modi?cations of the amino groups include the intro 
duction of chemical groups such as carboxymethyl, glyceryl, 
N-hydroxybutyl and others. Glycation, i.e., non-enZymatic 
glycosylation of the free amino groups of chitosan, folloWed 
by stabiliZation by reduction, offers a novel approach for the 
preparation of the chitosan gels and solutions utiliZed in the 
present invention. 

[0057] Glycated chitosan, as indicated above, refers to the 
products resulting from the reaction betWeen the free amino 
groups of chitosan and the carbonyl groups of reducing 
monosaccharides and/or oligosaccharides. The products of 
this reaction (mainly a mixture of Schiff bases, i.e. the 
carbon atom of the carbonyl group double bonded to the 
nitrogen atom of the amino group, and Amadori products, 
i.e. the carbon atom of said carbonyl group bonded to the 
nitrogen atom of said amino group by a single bond While an 
adjacent carbon atom is double bonded to an oxygen atom) 
may be used as such or after stabiliZation by reduction With 
hydrides, such as sodium borohydride, or by exposure to 
hydrogen in the presence of suitable catalysts. The galactose 
derivative of chitosan is particularly preferred insofar as it 
has a relatively higher naturally occurring incidence of its 
straight chain form. The glycated chitosan may be prepared 
in a poWder form, as a viscous suspension, or in other forms. 
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[0058] One protocol for the preparation of glycated chi 
tosan for use in the present invention is as folloWs: 3 grams 
of a reducing monosaccharide (e.g., glucose, galactose, 
ribose), or an equivalent amount of a reducing oligosaccha 
ride, is dissolved in 100 ml of distilled Water under gentle 
magnetic stirring in an Erlenmeyer ?ask. One gram of 
chitosan is added. When the suspension is homogeneous, 
0.25 ml of toluene is added, and the ?ask is sealed With 
aluminum foil. The magnetic stirring continues for 24 hours 
at room temperature. After stirring, the suspension is placed 
in a ventilated fume hood Where 1.327 grams of sodium 
borohydride in 5 ml of 0.1M sodium hydroxide is added to 
reduce Schiff bases and Amadori products. The solution is 
then covered loosely With foil, stirred for 10 minutes at room 
temperature and 50 minutes in an ice bath. After this stirring 
step, the ?ask is removed from the ice bath and the solution 
is acidi?ed to a pH of 5.5 by the dropWise addition of glacial 
acetic acid (approximately 1.9 ml) under further magnetic 
stirring to decompose excess borohydride. The solution is 
then centrifuged for 15 minutes at 15,000 rpm (on a Sorval, 
rotor 55-34, at 4° C.) in ?ve glass (Corex) centrifuge tubes. 
The supernatant is decanted and the clear gel layer overlay 
ing the pellets is gently scraped With a steel spatula. Using 
the supernatant from tWo of the centrifuge tubes, the pellets 
are resuspended and recentrifuged in tWo tubes. Again, the 
supernatant is decanted and the gel is collected as above. The 
combined pellets are centrifuged a third time after being 
resuspended in the supernatant of one tube. The gel is again 
collected after decanting the supernatant. Pooled gel is then 
dispersed in pooled supernatant to obtain a homogeneous 
suspension, Which is placed in three dialysis bags (Spec 
trapor, 25 mm ?at Width, 12,000-14,000 mol. Wt. cut-off). 
The suspensions are dialyZed overnight at 4° C. against 3.5 
gallons of distilled Water. The bags are then placed in fresh 
distilled Water and dialysis is continued for an additional 7 
hours. After dialysis, the dialysate is removed from the bags 
and it is homogeniZed by 3 bursts (10 seconds each) in a 
Waring blender at high speed. The resulting viscous solution 
is stored froZen. Before use in the present invention, the 
froZen material is thaWed in a Water bath at 37° C., then 
mixed in a Waring blender to achieve a homogeneous mix. 

[0059] Alternatively, 100 ml of 1.0% (by Weight of chi 
tosan) galactose derivative of chitosan could be prepared as 
folloWs: 

[0060] 1. 250 pl of glacial acetic acid is added to 100 ml 
of pure Water and the mixture is stirred. 

[0061] 2. 1.00 grams (by dry Weight) of chitosan is added. 
Stirring continues until all of the chitosan dissolves (there 
Will be a feW pieces of insoluble non-chitosan impurities). 
This Will take 1-2 hours. 

[0062] 3. 3.00 grams of galactose is added. Stir and let 
react for 16 hours or more. 

[0063] 4. It should be noted that hydrogen is produced in 
this step. While vigorously stirring, a 10% sodium borohy 
dride solution (1.0 gram of sodium borohydride dissolved in 
0.1N sodium hydroxide brought to 10.0 ml volume) is added 
While monitoring the pH and the liquid/foam level in the 
container. When the pH approaches 6.0, 250 pl of glacial 
acetic acid is added to loWer the pH. The sodium borohy 
dride is added and the pH adjusted until 5.0 ml of the 10% 
sodium borohydride has been added and the pH is 5.3-5.8. 
This Will require approximately 750 pl of acetic acid and 
take about 2 hours. 

[0064] 5. The liquid/foam produced is transferred to cen 
trifuge tubes and is centrifuged for 10 minutes at moderate 
g (approx. 1500) to break up the foam and separate the 
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particulates. Centrifugation is repeated as necessary (1/z-1 
hour). 

CHZOH 
[0065] 6. The supernatant liquid is then transferred to 
dialysis tubing (Spectrapor 1) and dialysis is conducted HO——H 
against 4 liters of pure Water for 4 hours. Galactochitosan (GC) H——OH 

Moleculare Weight (approX.) 1.5 million 

[0066] 7. To remove excess Water acquired during dialy- H——OH 

sis, the tubing'is placed under an air stream (keeping the _H, OH 
membrane moist on the inside) for a period of time (2-6 
hours) until the Weight is reduced the required amount. (20.4 HOHZC H2C_NH H 
mm diameter tubing loses approximately 6 g/hour in a fume O HO O 
hood doorWay). O 

HO HO O 

. . . . . HOHZC 

[0067] 8. The dialysis is repeated in 4 liters of Water for 6 HN—CH2 
hours. Then the Weight is readjusted in accordance With the _H OH 
previous step. ’ 

HO——H 

[0068] 9. Final dialysis is conducted against 16 liters of 
pure Water for 16 hours, then adjust Weight or lyophiliZe to HO——H 

dryness. H__ OH 

[0069] The structure of galacto-chitosan and the prepara- CHZOH 
tion of galacto-chitosan from chitosan and D-galactose by 
reductive ammunition is shoWn beloW. 

Chitosan 
Medium Molecular Weight CH0 

Monomer MW : 161 

H——OH 

H 0H2 C NH >/ H HO——H 
O __ 

HO HO HOH C O H——OH 

NH; 2 
CHZOH 

1.NaBH4/H2O B( )Gl t + a QC 0S6 
2' HOAC MW = 180.16 

CHZOH 

HO——H 

H——OH 

H——OH 

——H, OH 

HOHZC H2C_NH >/H 
o 

HN_ CHznonzc 

—H, OH 

HO——H 

HO——H 

H——OH 

CHZOH 

Galactochitosan (GC) 
Molecular Weight (approX.) 1.5 million 
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Use of Glycated Chitosan as an Immunoadjuvant 

[0070] In the preferred embodiment, ICG powder is 
blended With the glycated chitosan preparation to yield a 
solution having a concentration of betWeen 0.1% to 2% (0.1 
to 2 grams/100 ml) of ICG to glycated chitosan solution. The 
solution is kept Warm until use. The effective dosage of the 
solution ranges from 70 to 2000 pl. A 100 ml solution of 
chromophore and glycated chitosan immunoadjuvant also 
can be prepared from poWdered forms of both constituents 
by added 0.25 grams of ICG and 0.5 grams of glycated 
chitosan to 100 ml of pure Water to yield a useful solution 
having 0.25% ICG and 0.5% glycated chitosan by Weight. 
Alternatively, ICG insolution can be mised in appropriate 
stoichiometric amounts With glycated chitosan solutions to 
achieve preferred compositions. 

[0071] As for laser parameters, a solid state diode laser 
that emits light in a continuous Wave through ?ber optics of 
a diameter betWeen 100 and 2000 pm is preferred, although 
other lasers may be used, including banks of individual 
lasers that may or may not all be of the same Wavelength. 
The laser poWer used can vary betWeen 1 and 60 Watts, the 
preferred poWer being betWeen 1 and 5 Watts. The irradiance 
duration should last betWeen 1 and 60 minutes, 5 to 15 
minutes being favored. The temperature of the lased tumor 
mass should preferably be raised to about 140° F. or 60° C. 

[0072] In the most preferred embodiment, a solution of 
ICG and glycated chitosan is prepared as described above at 
a concentration of 0.25 to 2% of ICG to chitosan. The 
solution is injected into the center of the neoplasm at a 
dosage of 70 to 1000 pl. The neoplasm is then lased using 
a laser preferably having a poWer of about 5 Watts and a 
Wavelength of radiation capable of readily penetrating nor 
mal cellular tissues Without signi?cant disruption. The irra 
diation preferably continues for a duration suf?cient to 
elevate the temperature of the neoplasm to a level that 
induces neoplastic cellular destruction and liberates tumor 
antigens Which stimulate cell-mediated and humoral 
immune responses. 

Other Uses for Glycated Chitosan and Derivatives 
Thereof 

[0073] Other medical and industrial uses for glycated 
chitosan are anticipated. In addition to its use as an immu 
noadjuvant or a component thereof in combination With 
sensitiZing dyes and laser/sensitiZer assisted immuno 
therapy, glycated chitosan might be used to facilitate the 
application of sodium ?uoride to the surface of teeth prior to 
fusion onto the enamel by laser irradiation. It might also be 
used to prepare suspensions of hydroxyapatite and other 
formulations of calcium phosphate utiliZed for bone and 
dental prosthesis. Another use Would be as a component of 
skin substitutes, sutures, dressings and bandages for burns, 
Wounds and surgical procedures. 

[0074] A further use of glycated chitosan, alone or in 
combination With other drugs, might be as an antiinfection 
treatment in septicemia, antibiotic resistance, or antibiotic 
intolerance. It might also be used in cosmetic and pharma 
ceutical formulations, creams, salves, etc. 

[0075] A still further use Would be as an immunostimulant 
in the treatment of immuno-compromised patients including 
but not limited to cancer and acquired immunode?ciency 
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syndrome. This includes, but is not limited to, the use of 
chitosan derivatives With side chains derived from tumors 
and microorganisms. 

[0076] Gel and soluble forms of glycated chitosan Will be 
used individually or in combination, both as such and/or 
after additional chemical or enZymatic modi?cation. These 
modi?cations include, but are not limited to, the generation 
of reactive groups such as carbonyls and carboxyl groups on 
the substituents introduced by glycation. 

[0077] Aldehydes Will be generated by oxidation of the 
carbohydrate side chain (e.g. treatment With periodate or 
lead tetraaceate) or, for example, the enZymatic oxidation of 
the primary alcohol group of galactosyl residues With galac 
tosyl oxidase. 

[0078] Oxidation of the aldehyde groups (eg by treatment 
With hypohalites) Will be utiliZed to obtain the carboxylic 
acid derivatives. Alternatively, bifunctional compounds con 
taining both free carbonyl and carboxylic groups (e. g. uronic 
acids) Will be utiliZed during the glycation reaction. 

[0079] Chitosan deamination With nitrous acid generates 
reducing aldoses and oligosaccharides suitable for the gly 
cation of chitosan. Deamination of the deacetylated glu 
cosaminyl residues by nitrous acid results in the selective 
cleavage of their glycosidic bonds With the formation of 
2,5-anhydro-D-mannose residues. Depending on the com 
position of speci?c areas of the chitosan chain, the anhydro 
hexose could be released as the monosaccharide, or occupy 
the reducing end of an oligosaccharide. Release of free 
N-acetylglucosamine could also occur from some regions of 
the chitosan chain. Similar treatment of N-deacetylated 
glycoproteins and glycolipids can be utiliZed to obtain 
oligosaccharides of de?ned chemical composition and bio 
logical activity for special preparations of glycated chitosan. 
This includes normal as Well as pathological glycoconju 
gates. 

[0080] The various products obtained by chitosan glyca 
tion Will be utiliZed as such or reacted With other natural or 
synthetic materials, e.g., reaction of aldehyde-containing 
derivatives of glycated chitosan With substances containing 
tWo or more free amino groups, such as on the side chains 
of amino acids rich in lysine residues as in collagen, on 
hexosamine residues as in chitosan and deacetylated glyco 
conjugates, or on natural and synthetic diamines and 
polyamines. This is expected to generate crosslinking 
through Schiff base formation and subsequent rearrange 
ments, condensation, dehydration, etc. 

[0081] Stabilization of modi?ed glycated chitosan mate 
rials can be made by chemical reduction or by curing 
involving rearrangements, condensation or dehydration, 
either spontaneous or by incubation under various condi 
tions of temperature, humidity and pressure. 

[0082] The chemistry of Amadori rearrangements, Schiff 
bases and the Leukart-Wallach reaction is detailed in The 
Mercklndex, Ninth Edition (1976) pp. ONR-3, ONR-55 and 
ONR-80, Library of Congress Card No. 76-27231, the same 
being incorporated herein by reference. The chemistry of 
nucleophilic addition reactions as applicable to the present 
invention is detailed in Chapter 19 of Morrison and Boyd, 
Organic Chemistry, Second Edition (eighth printing 1970), 
Library of Congress Card No. 66-25695, the same being 
incorporated herein by reference. 
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Experimental Studies 

[0083] Further description of laser/sensitiZer assisted 
immunotherapy utilizing a chitosan-derived immunoadju 
vant, including components, parameters and procedures, is 
contained in the following summary of a study of murine 
mammary tumors. 

[0084] Materials and Methods: 

[0085] 1. The Laser 

[0086] Adiode laser Was used in this study. The Industrial 
Semiconductor Laser ISL50F (McDonnell Douglas Aero 
space, St. Louis, Mo.), employs a diode array that is elec 
trically poWered by a diode driver. The laser emits radiation 
at Wavelength of 808110 nm, either in pulsed or in continu 
ous mode. Its maximum near infrared poWer in the available 
con?guration output is 35 Watts. The laser is operated With 
standard electric poWer (110/120 VAC). A microprocessor 
monitors and adjusts the laser operating parameters. Laser 
energy can be delivered through optical ?bers of various 
siZes. Ared laser diode emits 670 nm light at 0.9 mW as the 
aiming beam. The continuous Wave mode Was employed in 
this experiment. 

[0087] In the experiment, different poWer and duration of 
laser irradiation, ranging from 3 minutes at 5 Watts to 5 
minutes at 15 Watts, Were used. The output poWer Was 
measured before, during and after the procedure using a 
Joule/Watt meter (Ophir Optics, Israel). TWo types of ?ber 
optics Were used: 600 pm and 1200 pm in diameter. 

[0088] 2. The Preparation of Animals 

[0089] Wistar Furth female rats, age 6 to 7 Weeks and 
Weighing 100 to 125 grams, Were chosen for the study. The 
model is a metastatic transplantable rat mammary tumor. 
The tumor strain Was the DMBA-4. Tumor cells (about 
25,000 cells) Were transplanted to the rats by injection into 
the super?cial inguinal area betWeen the skin and the muscle 
layer. Certain selected rats Were injected With tumor cells in 
both left and right inguinal areas for simultaneous tumor 
groWth. 
[0090] The rats Were fed a special food, a high saturated 
fat diet, to facilitate the groWth of the tumor. The tumor 
usually greW to about 1 to 4 cm3 Within 10 to 14 days of 
tumor transplantation. In most cases the rat tumors Were 
treated before they greW beyond 5 cm3. 

[0091] Before laser treatment, anesthesia Was applied (100 
pl xylaZine and ketamine solution IM) and the hair overlay 
ing the tumor Was clipped and shaved. After the treatment, 
the rats Were maintained in separate cages and still fed With 
the same high fat diet. The rats Were observed daily and the 
morphological measurements of tumors—both laser treated 
and untreated controls—Were made tWice a Week. 

[0092] 3. SensitiZer Administration 

[0093] The sensitiZer indocyanine green (ICG) (Sigma 
Chemical Co., St. Louis) Was used in tWo forms: ICG in 
Water and ICG in glycated chitosan, the concentration being 
0.5% and 1% (g/100 ml) ICG to Water or chitosan. In the 
case of chitosan solution, an ICG poWder Was mixed With 
glycated chitosan made as hereinabove described, after the 
gel Was brought to 37° C. from froZen state (—4° C.), in a 
glass grinder to obtain a uniform solution. The sensitiZer 
solution then Was injected into the center of the targeted 
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tumor, either 24 hours prior to laser treatment or just 10 
minutes before the procedure. The dosage varied betWeen 70 
pl to 400 pl to one tumor. 

[0094] For the rats With transplanted primary tumors in 
both inguinal areas, only one tumor received the ICG 
Chitosan injection. HoWever both tumors Were treated using 
the same laser parameters. 

[0095] 4. Laser Treatment 

[0096] The laser energy Was delivered to the treatment 
sites through ?bers having diameters of 600 or 1200 pm. The 
tip of the ?ber Was maintained 4 mm from the skin. The ?ber 
tip Was moved evenly and sloWly through all sides of the 
tumor to ensure a uniform energy distribution. A thin Water 
?lm (20° C.) Was constantly applied on the surface of 
treatment sites to prevent unnecessary damage of skin due to 
the surface heat build up. 

[0097] For the rats With tWo simultaneous primary tumors, 
one tumor Was lased With the aid of ICG-Chitosan and the 
other Was treated by the laser only. Fifty-six rats Were treated 
using various laser parameters in conjunction With ICG 
Chitosan solutions. Sixteen rats Were injected With 100-200 
pl of a 1% ICG-H2O solution and lased With various 
irradiances from 3-5 minutes and from 3-10 Watts. 

[0098] Results: 

[0099] 1. The Survival Rates 

[0100] In total, one hundred ?ve (105) rats Were used in 
the study up to Apr. 1, 1995. All the rats Were injected With 
the metastatic transplantable rat mammary tumor cells, 
either in one inguinal region or both. The rats Were divided 
into three groups: (1) control, (2) laser treated With ICG 
HZO solution, and (3) laser treated With ICG-Chitosan 
solution. The survival rates of the various grouped subjects 
are summariZed on Table I. 

TABLE I 

The Survival Rate of Rats With Tumor Transplant 

Group Survival Days Number of Rats 

Control 32.4 r 3.6 13 

Laser Treated 29.0 r 3.5 7 
With ICG only 
Laser Treated 42.7 r 28.9 55 

With ICG-Chitosan 
ICG-Chitosan Treated 32.9 r 5.7 49 

(W/o long survival rats) 
ICG-Chitosan Treated 114.3 1 39.8 6 

(long survival rats only)* 
ICG-Chitosan Treated 33.6 r 6.0 36 
SW @ 3 to 6 mins 

(W/o long survival rats)** 
ICG-Chitosan Treated 45.4 r 32.4 42 
SW @ 3 to 6 mins 

(With long survival rats) 

*Out of the six long term survival rats, three are still alive. The data col 
lected in this table Were up to Jan. 16, 1995. 
**The six long survival rats Were treated using this laser poWer and the 
duration range (see Table II for more detail). 

[0101] The average survival time for the 33 control rats 
Was 31.5 days after the tumor transplant; the average Was 
29.0 days for laser treated rats injected With aqueous ICG 
only; the overall average survival time Was 45.6 days for the 
ICG-Chitosan injected laser treated rats. Among the 56 rats 
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in the last group, siX rats achieved long term survival (at 
least twice that of the control rats), Without Which the group 
survival rate Would be 32.8 days. On the other hand, the siX 
rats gave rise to an average 152.0 days of survival. It is 
WorthWhile to note that three rats, Srat3, Srat4 and Srat6, 
Were still alive When the report Was Written after they have 
survived 220, 192 and 147 days, respectively, up to Apr. 1, 
1995. 

[0102] 2. The Tumor Responses to Laser Treatment 

[0103] Table I shoWs that tumor rats in both group 2 and 
group 3 responded positively to laser energy. Almost all the 
tumors had temperature elevation immediately after the laser 
treatment. The ICG-H2O or ICG-Chitosan solution injected 
tumors usually raised temperature by 40° F., While the ICG 
free tumor still raised temperature but at a loWer level, 
usually 200 to 30° F. above the body temperature depending 
on the laser poWer and duration. 

[0104] Internal eXplosions often occurred during the pro 
cedure due to the sudden temperature increase. It Was more 
evident under high laser poWer, above 10 Watts for eXample. 
High poWer produced skin damage in most cases, even With 
constant application of Water droplets on the treatment 
surface. 

[0105] The tumor cell destruction under high laser poWer 
(10-15 W) Was rather super?cial and deeper tumor cells 
often survived the laser assault. Better results Were obtained 
When loWer laser poWers Were applied. All the siX long term 
survival rats resulted from the 5 Watt treatment (4 rats With 
3 minute eXposure times and 2 rats With 5 minutes). See 
Table II. 
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[0107] Immediately after laser treatment, all the tumors 
shoWed a sloWer groWth Within the ?rst feW days, then 
returned to a normal groWth rate. Often the tumors Would be 
partially bitten or cheWed, but that Would not stop or sloW 
the tumor groWth. Most rats died around 30 to 35 days 
eXcept for the rats listed in Table II. About half the treated 
rats later developed secondary tumors, most as “hand bags” 
(metastatic to lymph nodes in the aXillary region); the local 
expansions around the primary tumors Were also in lymph 
nodes. In either case, the secondary tumors continued to 
groW until death occurred, eXcept for the rats in Table II. 

[0108] 3. Tumor Development of the Long Term Survival 
Rats 

[0109] All siX rats in Table II Were treated using 5 Watts 
poWer With either three minutes duration (four rats) or ?ve 
minutes (tWo rats). More importantly, all of them Were 
injected With ICG-Chitosan gel solution. For rats With tWo 
transplanted primary tumors, only one of the tWo tumors 
received the ICG-Chitosan solution and the other Was lased 
Without any ICG sensitiZer. For rats With only one primary 
tumor, the ICG-Chitosan Was used. The ICG-Chitosan solu 
tion Was 0.5% to 1% and the dosage varied from 70 pl to 150 
pl per tumor. The ICG-Chitosan Was usually injected 
directly into the tumor either 24 hours or 10 minutes before 
the laser treatment. 

[0110] Like all the other rats, the tumors continued to groW 
after treatment, and most of the tumors metastasiZed along 
the milk line to the aXillary nodes and the opposite inguinal 
nodes. HoWever, the development of tumors took a dramatic 
turn at a later stage. ShoWn in FIGS. 1 and 2 are the groWth 

TABLE II 

Parameters for Laser-ICG-Chitosan Treated Long Term Survival Rats 

ICG-Chitosan Administration Survival 

Time Prior Laser Treatment" Post Tumor 

Animal Tumor Transplant to Power Duration Transplant 

Rat Number Date Locations Treatment Dosage Location Date (Watts) (minutes) (Days) 

Srat1 Mar. 18, 1994 Both Legs 24 hours 70 ,ul @ 1% Left Leg Mar. 29, 1994 5.00 3 156 
Rat #S/Mar. 29, 1994 

Srat2 May 23, 1994 Both Legs 24 hours 70 ,ul @ 1% Left Leg Jun. 3, 1994 5.00 3 125 
Rat #l/Jun. 3, 1994 

Srat3 Aug. 19, 1994 Left Leg 24 hours 150 #1 @ 0.5% Left Leg Sep. 1, 1994 5.06 5 150** 
Rat #S/Sep. 1, 1994 as of 

Jan. 16, 1994 
Srat4 Sep. 16, 1994 Both Legs 24 hours 100 #1 @ 1% Right Leg Sep. 27, 1994 5.20 5 120** 

Rat #2/Sep. 27, 1994 as of 
Jan. 16, 1994 

Srat5 Oct. 31, 1994 Left Leg 10 minutes 150 #1 @ 0.5% Left Leg Nov. 8, 1994 4.95 3 65 
Rat #3/Nov. 8, 1994 

Srat6 Oct. 31, 1994 Left Leg 10 minutes 100 #1 @ 0.5% Left Leg Nov. 11, 1994 5.12 3 80** 
Rat #4/Nov. 11, 1994 as of 

Jan. 16, 1994 

*Totally 42 rats Were treated using parameters in this range, resulting in a 14% survival rate. 
**Rat is still alive. 

[0106] In total, 43 rats Were treated With laser poWer of 5 
Watts and an irradiation duration of 3 to 6 minutes; this gives 
rise to a 14% long term survival rate in this group. Under 
these parameters, Without the siX long survival rats, the 
average survival reached 32816.3 days. 

charts of the primary tumors of Srat1 and Srat2, treated by 
laser; the left inguinal tumor Was injected With ICG-Chito 
san and the right inguinal tumors Were not. The groWth 
reached a peak around 50 days after the tumor transplant, 
and then started to regress. The tumors continued to shrink 
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and reached their minimum size around 90 days. Afterwards 
the tumors started growing again, With Sratl being more 
aggressive than Srat2. Note the bigger burden on the right 
inguinal in both cases (no ICG-Chitosan injection). 

[0111] The secondary tumors of Sratl and Srat2 appeared 
around day 20 after tumor transplant, and Went through the 
same pattern as the primaries—groWth/shrinkage/groWth, as 
shoWn in FIGS. 3 and 4. In the case of Srat2, the recurrence 
of secondary tumors Was almost negligible. 

[0112] The tumor groWth of three other rats is shoWn in 
FIG. 5. Srat3 and Srat6 started With only one primary tumor 
and Srat4 With tWo. FIG. 5 shoWs a much earlier response: 
tumor reduction started around 20 to 25 days. Furthermore, 
there are so far no secondary tumors, and the primary tumors 
have become only a small hard core of ?brous tissue; just a 
remnant of the tumor. Further development Will be observed 
since all three remain alive at this time (Apr. 1, 1995). 

[0113] 4. Improvement of the Experiment 

[0114] Early experiments had been mainly focused on 
establishing Workable conditions, including laser param 
eters, as Well as the concentration and dosage of ICG 
Chitosan. No long term survival Was observed in the ?rst 
feW groups. Suggested by in vitro and in vivo results, Work 
had been proceeding in the laser poWer range of 3 to 5 Watts. 
ICG-Chitosan solution betWeen 0.5% to 1% seem to be 
effective. A steady long term survival rate of 10% has been 
achieved, and even a 20% rate in one of the recent rat 

groups. 

[0115] Discussion 

[0116] Clearly, the photothermal effect of the 808 nm 
diode laser on organiZed tissue can be greatly enhanced 
When the chromophore ICG With an absorption peak around 
800 nm is used. The 808 nm laser energy can penetrate 
readily through the normal tissue leaving the cellular struc 
ture largely intact Within regulated poWer ranges. 

[0117] It is the ICG molecule, When injected to the target 
tissue, that absorbs strongly the 808 nm radiation and 
reaches an excited state. When the molecule returns to 
ground state, the stored energy is released in the form of heat 
Which can be absorbed by surrounding tissue to elevate 
temperature. (The excited ICG molecule may also cause 
other biochemical reactions Which may be the key in our 
induced immunological responses.) When a suf?cient 
amount of ICG molecules are excited Within a certain time 
(normally shorter than the tissue thermal relaxation time), 
the released heat can be absorbed by tissue cells faster than 
it can be dispersed. If the exposure to laser is long enough, 
the accumulated heat energy can raise tissue temperature to 
a level at Which photothermal destruction of organiZed tissue 
can occur. This destruction can be achieved With certain 
selected laser poWers and irradiation durations. It appears 
that a laser poWer around 3 to 5 Watts is suf?cient to cause 
fatal injury to tumor cells. 

[0118] Higher poWers, in conjunction With ICG, can cause 
quick and more drastic thermal injury to the tissue, but some 
undesirable results may arise. The high poWer irradiation 
gives rise to a much faster temperature build-up, often 
leading to internal explosions and quick tissue carboniZa 
tion, particularly on the treatment surface When oxygen is 
abundant in the air. A surface cooling procedure, either by 
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Water ?lm or by helium gas may not be able to sloW doWn 
the carboniZation, Which changes the surface tissue proper 
ties from almost transparent to highly absorbent to the 808 
nm Wavelength. The 808 nm radiation Would be in turn 
absorbed further by the carboniZed tissue. This Would 
impede the penetration of the laser energy, resulting in a 
super?cial and limited spatial thermal destruction of 
intended malignant tissue. 

[0119] The thermal impact alone may sloW doWn the short 
term tumor groWth, but may not alter the predestined fate for 
hosts Who have acquired tumors. As shoWn in Table I, the 
second group, treated by laser With the aid of ICG-H2O 
solution, did not shoW any improvement on the survival rate. 
Of course, the destruction of tumor cells due to photothermal 
interaction Was a predominant effect. HoWever, due to the 
aggressive nature of the tumors, total eradication Was rarely 
achieved by the thermal destruction alone; just as in the 
cases of surgical removal and radiation therapy. 

Conclusion 

[0120] It is thus apparent that other mechanisms must be 
utiliZed in order to deal With the root cause of the malignant 
cell multiplication. The ideal mechanism, of course, is the 
self-immunological defense system, Which can prevent 
groWth of abnormal cells. It is When the natural immune 
functions are debilitated, or not adequate in response to 
foreign element invasion, that cancers occur. If natural 
immune defense failed to stop the uncontrolled groWth of 
cells, endogenous or exogenous, stimulated immune 
responses are needed. As previously stated, it has long been 
knoWn that certain chemicals may enhance the natural 
defense mechanism, but often the enhancement is one or 
several steps behind the tumor groWth. The model described 
herein Was directed to a combined PDT and immunothera 
peutic treatment. 

[0121] Other modalities, such as chemotherapy and radia 
tion therapy, often kill cells indiscriminately so that the 
collateral damage can be just as fatal. And though PDT relies 
on heat and/or toxic singlet oxygen generated by treatment 
of laser and certain photosensitiZers to kill tumor cells, it still 
is not a means to affect the host’s self-immunological 
defense system, other than just incidentally. By using a 
combination of laser, chromophore, and immunomodulator, 
a novel cancer treatment is provided. 

[0122] The effect of this invention in stimulating cell 
mediated and humoral immune responses in the host is 
shoWn FIGS. 1-5. The groWth charts (FIGS. 1 and 2) shoW 
the change of the tumor burden. Fifty days after tumor 
transplantation (40 days after laser-ICG-Chitosan treat 
ment), primary tumors reached their maximum siZes. The 
reduction of tumor groWth and siZe afterWards can only be 
explained by the generated immunological response, since 
only the self-defense mechanism, When fully developed, 
Would sloW doWn and stop the tumor groWth, and the 
disfunctioning tumor cells Would be engulfed by macroph 
ages. Without this exotic feature, none of the rats could have 
survived over 35 or 40 days, as demonstrated by the ?rst tWo 
groups of experimental rats in Table I. 

[0123] The ICG-Chitosan injected tumor (left inguinal in 
most cases of the six rats in Table H) had a sloWer groWth 
rate, a sign of a more direct impact of the immunoadjuvant, 
even though both tumors Were treated With same laser poWer 
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and duration. The ICG-Chitosan injected tumor in general 
responded more to the laser treatment. The thermal interac 
tion alone, in conjunction With ICG, had effectively reduced 
the tumor burden on a large scale. The chitosan apparently 
added the immunological stimulation. The combination of 
the thermal and immunological effects appear to be the 
explanation as to Why the left inguinal tumors had less 
groWth than those of the right as shoWn in FIGS. 1 and 2. 

[0124] The generation and acceleration of the immuno 
logical defense system response is further supported by the 
evolution of the secondary tumors of the long surviving rats. 
The metastasis usually occurred to half the rats around 15 to 
20 days after the transplantation of primary tumors. The 
secondary tumors appeared in most cases along the milk 
lines and continued to groW until death. HoWever, the 
metastatic tumors of Srat1 and Srat2 in FIGS. 3 and 4 
shoWed exactly the same trend as in the primaries (FIGS. 1 
and 2), With neither ICG-Chitosan injection nor laser treat 
ment. FIG. 5 depicts the groWth of primary tumors of three 
rats (Srat3, Srat4 and Srat6), all of them folloWing the same 
development—groWth/treatment/groWth/reduction. Further 
more, these three rats developed their full responses earlier; 
the tumor groWth Was stopped around 20 to 25 days after 
tumor transplantation and secondary tumors never appeared. 
This early establishment of the induced immunological 
defense mechanism may explain Why these rats are still alive 
and have no signs of tumor recurrence. 

[0125] In conclusion, long term survival With total cancer 
eradication can be achieved by laser-chromophore-adjuvant 
induced immunological responses. It is a combined result of 
reduced tumor burden due to photothermal interactions and 
an enhanced immune system response due to the addition of 
chitosan or other immunomodulators. The experimental 
results have been improving constantly. The ?rst feW groups 
yielded no long term survivors Whereas a steady 10% long 
term survival rate is noW achieved. Within the current 
adapted laser poWer (5 Watts) and the irradiation duration (3 
to 6 minutes), the long term survival rate reaches up to 14%. 

[0126] B. Alternative Physical Therapies 

[0127] Nonthermal cytotoxic phototherapy, as described 
above, usually involves the systemic administration of 
tumor localiZing photosensitiZing compounds and their sub 
sequent 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 mediated by the interaction 
betWeen the sensitiZer and molecular oxygen Within the 
treated tissue to generate cytotoxic singlet oxygen. 

[0128] Neoplastic cellular destruction, hoWever, can also 
be achieved by subjecting the neoplasm to heat energy. 
Possible mechanisms for thermal cell death include direct 
damage to DNA, cell membrane damage, the heat stimulated 
production of special proteins, and disruption of the 
microvasculature of the tumor. See S. G. BroWn, M D, 
Phototherapy 0f Tumors, World Journal of Surgery, Vol. 7, 
pp. 700-709 (1983). The thermal effects of photocoagulation 
and cellular vaporiZation produced by hyperthermia are 
believed to be suf?cient to induce neoplastic cellular 
destruction and to generate fragmented neoplastic tissue and 
cellular molecules such that, When in the presence of an 
immunoadjuvant, Would form an in situ vaccine as contem 
plated by the present invention. Means of inducing cellular 
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hyperthermia include the use of lasers, ultrasound, micro 
Waves, radio frequency induction or electric currents. 

[0129] One laser treatment modality is that of stereotaxic 
interstitial laser therapy (ILT). Interstitial laser photocoagu 
lation or vaporiZation depends on the bare end of a laser ?ber 
being inserted into a tumor mass. The laser light is then 
absorbed as heat With the production of a region of necrosis 
around the ?ber tip. This is, thus, an invasive technique. The 
use of ILT in the treatment of breast cancer Was described by 
DoWlatshahi, et al. in Stereotaxic Interstitial Laser Therapy 
of Early Stage Breast Cancer, The Breast Journal, Vol. 2, 
No. 5, pp. 305-311 (1996) and by Harries, et al. in Interstitial 
Photocoagalation as a Treatment for Breast Cancer, British 
Journal of Surgery, Vol. 81, pp. 1617-1619 (1994), both 
publications being incorporated herein by reference. 

[0130] Typically, ILT implores the use of a laser, such as 
an 805 nm diode laser and a light transmissive ?ber, such as 
a 400 am quartZ ?ber. Under general or local anesthesia a 
needle is inserted into the tumor and the tip of the needle is 
positioned Within the center of the tumor using ultrasonog 
raphy to monitor the needle position. The laser ?ber is 
advanced through the canula of the needle and the needle is 
then WithdraWn slightly so that the tip of the ?ber lays Within 
the tumor. The tumor is then treated With laser light at a 
poWer and for an exposure time suf?cient to cause neoplastic 
cellular destruction. Thermocouples may be used to display 
the intratumor temperature in real time. Apparatae and 
methods for conducting ILT are described in US. Pat. Nos. 
5,169,396; 5,222,953 and 5,569,240, Which patents are 
incorporated herein by reference. 

[0131] Tumor hyperthermia can also be achieved by treat 
ing a tumor With high intensity ultrasound. Ultrasound is a 
penetrating, directional and even focusable radiation. High 
energetic focused ultrasound for therapeutic use involves 
using ?exible ultrasound equipment for tissue destruction by 
generating small hot spots With one or more focused trans 
ducers. This could be accomplished, depending upon tumor 
location, as an invasive or non-invasive technique. The 
biological effect of ultrasound involves both heat and cavi 
tation. A coupling medium may be used to transmit the 
ultrasonic beam(s) to tissue. 

[0132] Both invasive and non-invasive techniques of 
applying heat energy have been developed for microWave 
and radio frequency heating. With radio frequencies the 
non-invasive applicators are either capacitive plates or 
inductive coils. With microWaves radiative apertures are 
used. Invasive applicators include the use of a radiating 
monopoles for microWaves and RF needle electrodes or 
implanted ferromagnetic seeds (selectively heated by exter 
nal inductive coils) for radio frequencies. The penetration 
and severity of damage can be controlled by the frequency 
and total energy of the applied radiation. The volume of 
tumor that can be heated is comparable to that heated using 
a Nd:YAG laser With the transmission ?ber inserted into the 
tumor (radius of 1-2 cm from the treatment point). The 
radiating monopole is a miniature coaxial transmission line 
Which can be made ?exible and implanted surgically or 
inserted via body ori?ces. See S. G. BroWn, Phototherapy 0f 
Tumors, supra. 

[0133] One other potential Way of causing neoplastic 
cellular destruction by hyperthermia Would be to circulate 
heated Water about the tumor in order to raise the tempera 
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ture of the tumor. This could be done on peripheral tumors 
that are approachable With a device from the outside, but this 
approach might not be too effective at high temperatures. 

[0134] Cryotherapy may also be used to achieve neoplas 
tic cellular destruction. Cryotherapy is the use of extreme 
cold to destroy cancer cells. Cryotherapy Was ?rst used in 
treating external tumors, such as those on the skin, by 
contacting the skin With liquid nitrogen. For internal tumors 
a cryoprobe can be used to circulate liquid nitrogen into 
contact With the tumor. Ultrasonography may be used to 
guide the cryoprobe and monitor the freezing of the tumor 
mass. Cryotherapy has heretofore been used in the treatment 
of, among other things, prostate cancer and liver metastases. 
It is sometimes used in combination With other cancer 
treatments such as radiation, surgery, and hormone therapy. 
As With other mechanisms of tumor destruction, the focus is 
on destroying the tumor Without damaging nearby healthy 
tissue. 

[0135] It is thought that several processes contribute 
together to achieve cryosurgical cellular destruction. The 
creation of intracellular ice by rapid temperature loss is fatal 
to the cells. Moreover, as ice forms around a cell the free 
Water inside the cell is draWn off shrinking the cell and 
collapsing the Walls or membranes inside the cell, releasing 
proteins or chemicals Which can be toXic. In addition, as ice 
Which surrounds shrunken cells begins to thaW, large 
amounts of free Water produced by the thaWing ice Will rush 
back inside the cells, causing them to burst. Thus, it is 
believed by some that the physical features of cryosurgery 
Which are most important in producing eXtensive cell 
destruction include rapid freeZing to very loW (—195° C.) 
temperatures, and a sloW thaWing. 

[0136] Cryotherapy has heretofore been used in treating 
prostate cancer, skin disorders and retinopathy in premature 
infants. As With hyperthermia, thermocouples can be used to 
monitor temperature to con?rm that all areas of the tumor 
are properly froZen. 

[0137] C. Special Products Derived from Tandem Thera 
pies 

[0138] Certain special products produced by the interac 
tion of tumor antigens and the adjuvant With the host may be 
derived from the described therapies. 

[0139] For eXample, one of these products Would be 
speci?c antibodies directed against certain antigenic 
domains found on the cell surface. When the antibodies and 
antigens meet in the circulation a complex is formed that can 
be separated and identi?ed. The separated products then can 
be used as probes to determine if the antigens are common 
to all human tumors of the same type. 

[0140] LikeWise, free antibodies can be used to collect 
circulating free antigens for identi?cation and possible syn 
thesis to form the basis of a screening test for very early 
breast cancer. 

[0141] It is also possible for these antibodies to be used to 
locate and treat recurrent or metastatic tumors in areas not 
approachable by the original technique. This is accom 
plished by tagging the antibody With chemicals that aid in 
localiZation or drugs that are toXic to cells. 

[0142] Thus, a large variety of products could be gener 
ated from the reaction of the host to the products of the 
described treatment. LikeWise these products may be keys to 
other methods to attack tumor cells, both directly and 
indirectly. 
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[0143] While the invention has been described With a 
certain degree of particularity, it is manifest that many 
changes may be made in the method hereinabove described 
Without departing from the spirit and scope of this disclo 
sure. It is understood that the invention is not limited to the 
embodiments set forth herein for purposes of eXempli?ca 
tion, but is to be limited only by the scope of the attached 
claim or claims, including the full range of equivalency to 
Which each element thereof is entitled. 

What is claimed is: 
1. A method for treating a tumor in a human or other 

animal host to achieve acute tumor destruction While con 
comitantly stimulating a host immune response against a 
proliferation of residual or metastatic tumor cells, compris 
mg: 

(a) administering an immunomodulator to the host so as 
to potentiate or augment an immunologic response to 
the presence in the host of fragmented neoplastic tissue 
and cellular molecules; and 

(b) generating fragmented neoplastic tissue and cellular 
molecules from the tumor, thereby reducing tumor 
burden While effecting the stimulation of the immuno 
logic response. 

2. The method according to claim 1, Wherein said immu 
nomodulator stimulates the host’s antitumor response by 
increasing the number of effector cells or producing one or 
more soluble mediators. 

3. The method according to claim 1, Wherein said immu 
nodulator serves as an effector or mediator. 

4. The method according to claim 1, Wherein said immu 
nodulator decreases host suppressor mechanisms. 

5. The method according to claim 1, Wherein said immu 
nodulator alters tumor cells to increase their immunogenic 
ity or otherWise makes said cells more likely to be damaged 
by immunologic processes. 

6. The method according to claim 1, Wherein said immu 
nodulator improves the host’s tolerance to cytotoXics or 
radiation therapy. 

7. The method according to claim 1, Wherein step (b) is 
accomplished by performing a phototherapy on the tumor. 

8. The method according to claim 7, Wherein said pho 
totherapy comprises a thermal phototherapy. 

9. The method according to claim 7, Wherein said pho 
totherapy comprises a nonthermal cytotoXic phototherapy. 

10. The method according to claim 1, Wherein step (b) is 
accomplished by inducing hyperthermia in the tumor via a 
means therefor. 

11. The method according to claim 10, Wherein said 
means comprises laser light. 

12. The method according to claim 10, Wherein said 
means comprises ultrasound. 

13. The method according to claim 10, Wherein said 
means comprises microWaves. 

14. The method according to claim 10, Wherein said 
means comprises radio frequency induction. 

15. The method according to claim 10, Wherein said 
means comprises an electric current. 

16. The method according to claim 1, Wherein step (b) is 
accomplished by performing cryotherapy on the tumor. 

17. The method according to claim 1, Wherein said 
immunomodulator is administered intratumorally. 


