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(57) ABSTRACT 

Light is administered during photodynamic therapy (PDT) 
for an extended period of time at a plurality of sites 
distributed Within the abnormal tissue of a tumor. A clinical 
study has shoWn that a substantially greater volume of 
abnormal tissue in a tumor is destroyed by the extended 
administration of light therapy from a plurality of probes 
than Would have been expected based upon the teaching of 
the prior art. In this process, a plurality of light emitting 
optical ?bers or probes are deployed in a spaced-apart array. 
After a photoreactive agent is absorbed by the abnormal 
tissue, the light therapy is administered for at least three 
hours. The greater volume of necrosis in the tumor is 
achieved due to one or more concomitant effects, including: 
the in?ammation of damaged abnormal tissue and resultant 
immunological response of the patient’s body; the diffusion 
and circulation of activated photoreactive agent outside the 
expected ?uence Zone, Which is believed to destroy the 
abnormal tissue; a retrograde thrombosis or vascular occlu 
sion outside of the expected ?uence Zone; and, the collapse 
of the vascular system that provides oxygenated blood to 
portions of the tumor outside the expected ?uence Zone. In 
addition, is possible that molecular oxygen diffusing and 
circulating into the expected ?uence Zone is converted to 
singlet oxygen during the extended light therapy, causing a 
gradient of hypoxia and anoxia that destroys the abnormal 
tissue outside the expected ?uence Zone. 
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APPLICATION OF LIGHT AT PLURAL 
TREATMENT SITES WITHIN A TUMOR TO 

INCREASE THE EFFICACY OF LIGHT THERAPY 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to the use of 
light therapy to destroy abnormal tissue in a tumor, and more 
speci?cally, to the use of multiple light sources disposed at 
spaced-apart treatment sites Within a tumor to render the 
therapy. 

BACKGROUND OF THE INVENTION 

[0002] Abnormal tissue in the body is knoWn to selec 
tively absorb certain dyes that have been perfused into a 
treatment site to a much greater extent than surrounding 
tissue. For example, tumors of the pancreas and colon may 
absorb tWo to three times the volume of these dyes, com 
pared to normal tissue. Once pre-sensitiZed by dye tagging 
in this manner, the cancerous or abnormal tissue can be 
destroyed by irradiation With light of an appropriate Wave 
length or Waveband corresponding to an absorbing Wave 
length or Waveband of the dye, With minimal damage to 
normal tissue. This procedure, Which is knoWn as photody 
namic therapy (PDT), has been clinically used to treat 
metastatic breast cancer, bladder cancer, lung carcinomas, 
esophageal cancer, basal cell carcinoma, malignant mela 
noma, ocular tumors, head and neck cancers, and other types 
of malignant tumors. Because PDT may selectively destroy 
abnormal tissue that has absorbed more of the dye than 
normal tissue, it can successfully be used to kill the malig 
nant tissue of a tumor With less effect on surrounding benign 
tissue than alternative treatment procedures. 

[0003] The effectiveness of PDT for treating tumors has 
become increasingly more evident to the medical commu 
nity. Each year, numerous papers are published disclosing 
research that has been carried out to explore hoW PDT can 
more effectively be used and to better understand the pro 
cesses by Which PDT destroys abnormal cells. Much of the 
prior art discloses the use of relatively high poWered lasers 
as an external light source employed to administer the light 
to a treatment site. Typically, the light from an external laser 
source is conveyed through an optical ?ber to a treatment 
site on the skin of a patient or to an internal site Within the 
patient’s body. Penetration of a tumor by the optical ?ber is 
achieved either through a small incision in the overlying 
dermal layer, or directly, if the tumor is surgically exposed. 

[0004] Most applications of PDT are conducted using a 
single optical ?ber to provide the light therapy. An optical 
?ber used to render PDT may include a diffuser on its distal 
end to enhance the radial distribution of light from the ?ber. 
Light emitted through the diffuser more fully illuminates a 
treatment site Within a tumor in Which the optical ?ber has 
been inserted. 

[0005] Research has been conducted to measure the pen 
etration depth of light into tissue as a basis for assessing the 
volume of tissue that Will be affected by the light applied to 
a treatment site to render PDT. This research has determined 
that the penetration depth (or a reciprocal value correspond 
ing to the light attenuation of the tissue) depends upon the 
Wavelength of the light, the type of tissue, the direction of 
irradiation, the oxygenation of the tissue, the striation of the 
tissue, the perfusion of blood in the tissue at the site, and 
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other physiological and physical factors. Generally, at a 
Wavelength of about 630 nm, the depth of penetration of 
light into tissue has been found to be betWeen about 0.2 mm 
and 7 mm, depending upon the type of tissue (as reported in 
“In Vivo Measurement of the Optical Interaction Coef? 
cients of Human Tumors at 630 nm,” I. Driver, C. P. 
LoWdell, and D. V. Ash, Phys. Med. Biol., Vol. 36, No. 6, pp. 
805-813, Table 3, (1991). Further, this paper reported a large 
inter-sample variation for the depth of light penetration in 
the same type of tissue. Tissue of a darker color, such as that 
of the liver, greatly attenuates light transmission, While brain 
tissue tends to scatter the light and thus limits light penetra 
tion. Generally, longer Wavelength light penetrates more 
deeply, but most of the currently available photoreactive 
reagent dyes used for PDT have absorption Wavebands in the 
600-700 nm range. 

[0006] The limited penetration depth of light in tissue 
Would seem to indicate that light emitted at a single treat 
ment site to render PDT Will be effective in destroying 
abnormal tissue in only a relatively small volume Within a 
tumor. To treat larger tumors, multiple light treatment sites 
Would be expected to linearly expand the volume as a 
function of the number of light treatment sites used, i.e., the 
total volume of the effective Zone in a tumor treated With the 
multiple optical ?bers should be equal to the product of the 
volume treated at one site and the number of sites. In a paper 
entitled “Photodosimetry of Interstitial Light Delivery to 
Solid Tumors,” M. C. Fenning, D. Q. BroWn, and J. D. 
Chapman, Medical Physics, Vol. 21, No. 7, pp. 1149-1156 
(July 1994), reported on research in Which both anaplastic 
and Well-differentiated Dunning prostate adenocarcinomas 
Were illuminated in anesthetiZed Fisher X Copenhagen rats 
by light from single-?ber and multiple-?ber illuminators. 
Each illuminator consisted of a 2 cm laterally diffusing 
optical ?ber placed Within a plastic brachytherapy needle 
implanted into a tumor. The radial falloff of intensity With 
distance from single ?bers Was used to determine light 
attenuation coefficients for various Wavelengths, by employ 
ing a tWo-dimensional (2D) photodosimetry computer code. 
The coefficients Were used to calculate relative light inten 
sities in planes perpendicular to the single-?ber and various 
multiple-?ber con?gurations. Relative light intensities mea 
sured along tumor tracks Were compared With those pre 
dicted by the 2D photodosimetry evaluation and Were found 
to agree Within 114%, for all con?gurations of the optical 
?bers studied. It Was noted that at Wavelengths equal to and 
greater than about 700 nm, optical ?ber spacings of at least 
one cm produced relatively uniform light ?elds (120%) in 
tumor planes perpendicular to the optical ?bers. At line 32 
of the second column on page 1155 of the paper, it is noted 
that: 

[0007] For human tumors With light attenuating prop 
erties similar to the R3327-H tumor, the heteroge 
neity of light dose in tumor volumes delivered by a 
multi?ber illuminator With 1.0-cm spacings Will be 
considerably greater than 120%. Illumination of 
tumors by such procedures Will produce relatively 
large variations in biological effect by interstitial 
PDT. Furthermore, to expose all tumor tissue to a 
minimum light dose required for a speci?c biological 
effect, large fractions of the tumor Would of necessity 
be overdosed. While this may not seriously impact 
upon tumor response, it Will limit the volume of solid 
tumor Which can be treated With a speci?c time by a 
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speci?c light source. Laser output intensity has not 
been a limiting factor for the illumination of super 
?cial lesions in clinical studies to date. Nevertheless, 
to successfully scale up this procedure for the treat 
ment of bulky human tumors, laser output intensity 
and tumor volume Will determine the time required 
to deliver a curative light dose. The paper further 
concludes that more than seven optical ?bers may be 
required to properly treat a tumor With PDT, to 
guarantee that adequate light is delivered, particu 
larly to the periphery of a tumor, due to the rapid 
falloff of light at the edge of the illuminated ?eld. 
The reference thus teaches or suggests that the effect 
of PDT on a human tumor, particularly one of larger 
siZe, Will be limited to the region of the tumor 
directly viably illuminated by the plurality of optical 
?bers and implies that it Will be necessary to repeat 
the treatment to different areas of the tumor by 
moving the plurality of the optical ?bers so that 
direct illumination of a greater treatment volume can 
be accomplished. 

[0008] The effects of PDT and the manner in Which it 
destroys tissue are not clearly understood. It is believed that 
the primary mechanism by Which PDT destroys cells relies 
upon the conversion of molecular oxygen to singlet oxygen 
and the release of free radicals by the light activated dye. In 
“HoW Does Photodynamic Therapy Work?” by B. W. Hend 
erson, and T. J. Dougherty, Photochemistry and Photobiol 
ogy, Vol. 55, No. 1, pp. 145-157 (1992), it is noted that 
following the absorption of light, a sensitiZer is transformed 
from its ground state to an excited triplet via a short-lived 
singlet state. The excited triplet can react directly either With 
a substrate or solvent by hydrogen atom or electron transfer 
to form radicals and radical ions (Type I reaction) or it can 
transfer its energy to oxygen directly to form singlet oxygen, 
Which is a highly reactive species (Type II reaction). The 
paper states that indirect evidence suggests singlet oxygen is 
the major damaging species in PDT. Based on this belief, the 
reference concludes that PDT effects should be oxygen 
dependent, With full effects of PDT being observed in vitro 
at oxygen concentrations of about 5%. It is reported by the 
reference that “no photosensitiZation can be observed in the 
absence of measurable oxygen.” Further, the reference 
teaches that the diffusion distance of singlet oxygen in cells 
is about 0.1 pm, so that cell damage caused by singlet 
oxygen Will occur close to its locus of generation. Singlet 
oxygen causes a loss of cell integrity by a photoperoxidation 
of membrane cholesterol and other unsaturated phospholip 
ids. Associated With the cell membrane damage is a release 
of in?ammatory and immune mediators. Also released 
through mast cell degranulation is histamine. The substances 
released are vasoactive, either constrictive or dilatory. and it 
is believed that they induce vascular damage. Tumor necro 
sis factor is also released, and it too can cause 
vascular damage. The degree of vascular photosensitivity in 
tissue appears to be a function of the level of the circulating 
photoreactive agent. This reference reports that vascular 
damage in a tumor microenvironment induces hypoxic 
tumor cell fractions. A key conclusion stated in the paper is 
that the “rapid shift of cells into hypoxia [after PDT], Where 
they are protected from further PDT damage due to the 
oxygen limitation of the photodynamic processes, is poten 
tially limiting to direct tumor cell photodestruction.” In 
essence, this statement indicates that ef?cacy of PDT in 
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destroying tumor cells quickly diminishes after the light 
activation due to the self limiting effects of hypoxia caused 
by photovascular occlusion. In other Words, the paper con 
cludes that the resulting vascular occlusion limits further 
blood How to the treatment site, Which is necessary to supply 
additional molecular oxygen to the tumor cells for use in 
generating more singlet oxygen. 

[0009] Also reported in the last cited reference is an 
observed in?ltration of PDT-treated tissue With lympho 
cytes, plasma cells and histiocytes, Which suggests an 
immune response to effects of the PDT. In high dose bladder 
PDT treatments, high levels of interleukin 1-beta, interleu 
kin 2, and TNF-alpha have been observed in patients’ urine 
for up to 50 days folloWing the therapy, concurrent With 
severe in?ammatory symptoms. The relative extent of 
abnormal cell necrosis caused by generation of singlet 
oxygen and free radicals compared to that resulting from the 
immune response is not clear from the prior art. 

[0010] It has been shoWn that illuminating abnormal cells, 
Which have absorbed a photoreactive agent, With relatively 
loW levels of light for extended periods of time may be even 
more effective in rendering PDT than the more conventional 
approach of using a high intensity laser light source to 
administer light for short time intervals. In commonly 
assigned US. Pat. No. 5,445,608, a plurality of transcuta 
neously implantable probes that include relatively loW inten 
sity light sources are disclosed for rendering PDT to treat 
ment sites Within a patient’s body. Such probes can be 
implanted interstitially Within a tumor to administer PDT for 
many hours or days. As necessary, repetitive infusions of a 
suitable photoreactive agent can be made to sensitiZe the 
abnormal cells comprising the tumor so that they are sus 
ceptible to being destroyed by the PDT. An apparent ques 
tion arises in regard to the ef?cacy of such an approach to 
treating a relatively large tumor. In vieW of the teaching of 
the art discussed above, one Would be led to conclude that 
loW intensity light sources on an interstitial probe Would 
lack adequate penetration into a large tumor mass to treat 
more than a relatively small portion of the tumor—even if 
plural probes of this type Were used. In addition, the prior art 
suggests that extended PDT delivered to a treatment site Will 
not be effective in a large tumor due to the hypoxia resulting 
from vascular damage and the vasculature constriction that 
occurs soon after the PDT commences. 

[0011] Application of PDT to a larger tumor Would seem 
to require that a plurality of optical ?bers spaced suf?ciently 
close together and of suf?cient number be inserted into the 
tumor to ensure that the light intensity betWeen the optical 
?bers is substantially uniform throughout the volume of the 
tumor being treated. HoWever, in vieW of the teaching of the 
prior art, implanting suf?cient numbers of optical ?bers or 
loW light intensity probes to provide such uniform illumi 
nation does not seem to be a practical approach for treating 
a larger tumor. The expected effective Zone of PDT Would 
seem to be too limited due to the relatively shalloW pen 
etration of light into the tissue to justify the use of PDT to 
treat a large tumor. 

SUMMARY OF THE INVENTION 

[0012] Contrary to the suggestion of the prior art, it 
appears that PDT can be successfully used for treating larger 
tumor masses, and that the depth of light penetration into 
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tumor tissue When effecting PDT is not so limiting as 
indicated in the prior art, in determining the true extent of the 
effectiveness of the therapy. Indeed, the effective Zone of 
PDT in large tumors has been found to be much larger than 
the volume of the tumor into Which light administered has 
previously been found to penetrate. Furthermore, the effec 
tiveness of the PDT in treating a larger volume of a tumor 
appears to be more dependent upon a pattern in Which light 
emitting sites are arrayed in the tumor than previously 
knoWn. 

[0013] In accord With the present invention, a method is 
de?ned for destroying abnormal tissue in a tumor Within a 
patient’s body using an extended light therapy and at least 
one concomitant effect thereof. The method includes the step 
of administering a photoreactive agent to the abnormal 
tissue. The photoreactive agent, Which has a characteristic 
absorption Waveband, is preferably absorbed by the abnor 
mal tissue rather than by normal tissue in the patient’s body. 
Light having a Waveband corresponding to the absorption 
Waveband of the photoreactive agent is administered to a 
treatment Zone in the tumor. Apattern in Which the light is 
administered to the tumor de?nes the treatment Zone, and 
this Zone preferably encompasses a substantial portion of the 
tumor not penetrated by the light being administered. The 
method provides for continuing to administer the light to the 
treatment Zone for at least three hours of extended light 
therapy. The light destroys the abnormal tissue that it 
illuminates by activating the photoreactive agent absorbed 
thereby. Furthermore, the extended period of light therapy 
indirectly destroys the substantial portion of the tumor that 
is not penetrated by the light being administered by inducing 
at least one concomitant effect that destroys the abnormal 
tissue comprising the substantial portion of the tumor. 

[0014] In one case, the concomitant effect arises because 
the destruction of the abnormal tissue in the treatment Zone 
deprives the substantial portion of the tumor from receiving 
oxygen. The abnormal tissue in the substantial portion of the 
tumor is thus destroyed due to oxygen depletion. 

[0015] In another instance, the concomitant effect arises 
because the photoreactive agent Within the treatment Zone 
that is activated by the light being administered diffuses into 
the substantial portion of the tumor that is not penetrated by 
the light. This photoreactive agent that is thus activated then 
destroys the abnormal tissue in the substantial portion of the 
tumor not directly penetrated by the light. 

[0016] In yet another instance, the concomitant effect 
arises because the light therapy causes necrosis of the 
abnormal tissue in the treatment Zone, Which causes either 
an immune response or an in?ammation in the patient’s 
body that destroys the abnormal tissue in the substantial 
portion of the tumor not directly penetrated by the light. 

[0017] In still another instance, the concomitant effect 
arises because the destruction of abnormal tissue in the 
treatment Zone causes either a vascular collapse, stasis, or 
occlusion, so that blood How to the substantial portion of the 
tumor that is not directly penetrated by the light is termi 
nated, causing the abnormal tissue in that substantial portion 
to die. 

[0018] In one embodiment of the method, the light is 
administered through an optical ?ber from a source that is 
external to the patient’s body. The method further preferably 
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includes the step of implanting a plurality of probes for 
administering the light into the tumor at spaced-apart loca 
tions Within the treatment Zone. In one embodiment, the 
light is then administered from at least one light source 
included on each of the plurality of probes. In another 
embodiment, the light is delivered to the plurality of probes 
through a plurality of optical ?bers from a source that is 
external to the patient’s body. The treatment Zone is not 
more than about 3 cm from each of the plurality of probes. 

[0019] In the method, the light administered to the treat 
ment Zone produces singlet oxygen, Which depletes oxygen 
from the substantial portion of the tumor that is outside the 
treatment Zone, causing a gradient of hypoxia and anoxia in 
that portion of the tumor, Which leads to a destruction of the 
abnormal tissue contained therein. 

[0020] The method may include further steps. Speci?cally, 
in one embodiment, the light is emitted into the tumor in a 
?rst direction from each of the plurality of probes, relative 
to the probe from Which the light is emitted. Next, the 
method provides for terminating emission of light into the 
tumor in the ?rst direction and emitting light into the tumor 
in a second direction from each of the plurality of probes. 
The second direction is substantially different from the ?rst 
direction for each of the probes. Preferably, in one embodi 
ment, the ?rst direction is directed toWard a perimeter of the 
tumor, and the second direction is directed toWard an interior 
of the tumor. By ?rst destroying the perimeter of the tumor, 
the interior portion of the tumor is more readily destroyed 
due to the one or more concomitant effects. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0021] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed description, When taken 
in conjunction With the accompanying draWings, Wherein: 

[0022] FIG. 1 is a schematic draWing illustrating a side 
elevational vieW of a ?rst embodiment of the present inven 
tion for administering light to a treatment site Within a tumor 
in a patient’s body; 

[0023] FIG. 2 is a plan vieW of the tumor shoWn in FIG. 
1, illustrating the positions of probes and the radial depth to 
Which light emitted thereby directly penetrates into the 
tumor; 

[0024] FIG. 3 is a side elevational vieW of a second 
embodiment of the present invention, shoWing the tumor 
With a plurality of light emitting implanted probes inserted 
therein; 
[0025] FIG. 4 is a plan vieW of the tumor shoWn in FIG. 
3, illustrating the direct light penetration pattern for each of 
the probes; 

[0026] FIGS. 5A-5C are three different embodiments of 
light emitting probes having a plurality of light sources 
contained therein; 

[0027] FIGS. 6A and 6B illustrate tWo different embodi 
ments of an optical ?ber probe that emits light in only a 
preferred direction; 
[0028] FIG. 7 is a schematic diagram comparing a depth 
of direct light penetration in a tumor to a depth of tumor 
necrosis caused by one or more secondary effects; 
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[0029] FIG. 8 is a plan vieW of a tumor showing a 
plurality of probes that selectively emit light in one of tWo 
different directions; 

[0030] FIG. 9 is an electrical schematic diagram of a 
circuit that selectively energiZes one of tWo different groups 
of light emitting diodes (LEDs); 

[0031] FIG. 10 is a plan vieW shoWing an alternative 
embodiment in Which light from tWo different groups of 
light sources Within each of a plurality of probes is selec 
tively energiZed; 
[0032] FIG. 11A is a schematic side elevational vieW of a 
retroperitoneal tumor Within a patient’s body that Was 
treated in accord With the present invention; 

[0033] FIG. 11B is a plan vieW of the tumor of FIG. 11A 
shoWing the disposition of a plurality of probes used to 
administer PDT to the tumor, the expected ?uence Zone, and 
the substantially greater expanded necrotic Zone actually 
achieved; 
[0034] FIG. 12 is a side elevational vieW of a ?rst pattern 
of light emitting probes for enhancing the effect of PDT in 
treating a large volume tumor; and 

[0035] FIG. 13 is a side elevational vieW of a second 
pattern of light emitting probes for enhancing the effect of 
PDT in treating the large volume tumor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0036] With reference to FIG. 1, the present invention is 
illustrated in connection With treating a tumor 22 that is 
disposed Within a patient’s body 20. Tumor 22 is relatively 
large, having a length of approximately 7 to 10 cm and a 
transverse Width of about 7 cm in this exemplary illustration. 
The tumor is disposed beloW a dermal layer 24, for example, 
Within the patient’s abdominal cavity. 

[0037] In the present invention, PDT plays an important 
role is destroying abnormal tissue comprising tumor 22. As 
is done When rendering conventional PDT, a photoreactive 
agent is administered to the patient either orally or by 
injection and is selectively preferentially absorbed by the 
abnormal tissue of tumor 22. Thereafter, using a surgical 
procedure to access tumor 22 through dermal layer 24, or 
using an endoscopic procedure With minimally invasive 
impact, a plurality of optical ?bers 30a-30e are inserted into 
the interior of tumor 22 in a spaced-apart array so that the 
optical ?bers are arranged in a pattern that is more likely to 
increase the effectiveness of the therapy administered to the 
tumor. Alaser light source 26 produces light lying Within the 
light absorption Waveband of the photoreactive agent that 
has been administered to the patient. 

[0038] Light emitted by laser light source 26 is conveyed 
through an optical ?ber 27 to a splitter 28 that divides the 
coherent light so that it is equally distributed among optical 
?bers 30a-30e. The light is conveyed through these optical 
?bers toWard their distal ends. Optical ?bers 30a-30e 
include an outer cladding 32 that minimiZes losses through 
the outer surface of the optical ?ber, insuring that substan 
tially all of the light input to the optical ?bers at their 
proximal ends, i.e., at splitter 28, is conveyed through the 
optical ?bers to their distal ends, Which have been inserted 
interstitially into the interior of tumor 22. 
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[0039] In the embodiment illustrated in FIG. 1, cladding 
32 is removed from approximately the last 3 to 4 cm of the 
distal ends of each of optical ?bers 30a-30e, exposing a core 
34. A diffusing surface is provided on the exposed portion of 
core 34, e. g., by roughening the surface of the exposed core, 
thereby insuring that light conveyed through the optical 
?bers is uniformly distributed through the sides and through 
the distal ends of the optical ?bers inserted into the tumor. 
Light emitted by the exposed distal ends of each of these 
optical ?bers penetrates tumor 22 to an effective depth of 
less than 1.5 cm. The penetration depth of the emitted light 
into the tumor determines a generally cylindrical expected 
?uence Zone 36, the radius of Which is indicated by the 
dotted circles shoWn in FIG. 1, and more clearly, in the plan 
vieW of FIG. 2. 

[0040] As Will be evident from FIG. 2, the exposed 
portions of cores 34 from Which the cladding has been 
removed are inserted into tumor 22, generally forming a 
circle in Which the expected ?uence Zones 36 around each 
optical ?ber at least partially overlap. It should also be noted 
that the expected ?uence Zone for each optical ?ber is 
determined partly by the intensity of the light delivered to 
the distal ends of each of the optical ?bers and partly by the 
nature of the abnormal tissue in tumor 22. Measurements in 
the prior art indicate that for most tumor tissue, the maxi 
mum effective depth of light penetration (at a Wavelength of 
600-700 nm) Within tumor tissue is less than 1.5 cm. 
Furthermore, the effective depth of the expected ?uence 
Zones is substantially less than the maximum, depending 
upon a number of factors such as the blood concentration in 
the tissue, color of the tissue, the photoreactive agent 
concentration, etc. 

[0041] In conventional PDT, light at relatively high inten 
sity is delivered to a treatment site Within a tumor through 
one or more optical ?bers for a relatively short period of 
time, typically much less than one hour. In the prior art, the 
effect of the PDT is believed to be limited to the expected 
?uence Zones, i.e., to the volume of the tumor directly 
illuminated by the light emitted from the optical ?ber(s). In 
contrast, in the exemplary arrangement of optical ?bers 
shoWn in FIGS. 1 and 2, a relatively loWer intensity light is 
provided from laser light source 26 at the distal end of each 
of optical ?bers 30a-30e, and the light therapy extends for 
a period of time greater than three hours—up to several days 
in duration. During this extended period of light therapy, 
additional photoreactive agent may be administered to the 
patient, depending upon the siZe of the tumor, the type of 
photoreactive agent used, and other conditions unique to 
each patient. 

[0042] By administering loWer intensity light for an 
extended period of time in this manner, the light therapy has 
been found to destroy a much larger volume than expected. 
Based on the teaching of the prior art, only abnormal tissue 
that has absorbed the photoreactive agent and has been 
directly illuminated by light emitted by each of the optical 
?bers Within their expected ?uence Zones should be 
destroyed by the PDT. As a result of the extended period of 
treatment using the plurality of optical ?bers shoWn in 
FIGS. 1 and 2, a substantially expanded necrotic Zone 38 in 
tumor 22 should be achieved in Which the abnormal tissue 
Well outside the expected ?uence Zones of each of the optical 
?bers is destroyed. The substantially greater volume of 
necrotic Zone 38 in tumor 22 is believed to be due to one or 
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more causes that are concomitant to the destruction of 
abnormal tissue by conventional PDT achieved during a 
conventional short-term light therapy. 

[0043] It is believed that the abnormal tissue outside the 
expected ?uence Zones around each optical ?ber is 
destroyed due to one or more other factors or processes that 
differ from the process involved in conventional short-term 
PDT. The extended duration PDT of the present invention is 
believed to cause an in?ammation of the damaged abnormal 
tissue in the expected ?uence Zone, Which then gives rise to 
the augmentation of a natural immune response of the 
patient’s body. The natural immune response then destroys 
the abnormal tissue outside expected ?uence Zones 36. 
While an immune response by the patient’s body prior to the 
onset of the extended period of light therapy is not triggered 
by the presence of abnormal tissue in tumor 22, it is believed 
that the extended period of light therapy administered under 
the present invention may trigger in?ammation and the 
immune response of the patient so that the abnormal tissue 
outside the expected ?uence Zones is attacked and destroyed 
by the patient’s oWn system. 

[0044] Another possible cause for the expanded volume in 
Which necrosis of the abnormal tissue in tumor 22 Will occur 
in connection With the present invention is the oxygen 
depletion outside the expected ?uence Zones that arises due 
to the generation of singlet oxygen as light is administered 
to tumor 22 through the optical ?bers. Since the light is 
administered for an extended period of time, the conversion 
of molecular oxygen into singlet oxygen continues to occur 
during the duration of the treatment, contrary to the teaching 
of the prior art, as more molecular oxygen diffuses into the 
expected ?uence Zones. The conversion of molecular oxy 
gen that proceeds during the extended administration of light 
therapy depletes the oxygen available to the abnormal tissue 
outside the expected ?uence Zones, causing a gradient of 
hypoxia and anoxia in the portion of the tumor that is not 
directly illuminated by light. This continuing photodynamic 
transformation of molecular oxygen to singlet oxygen by the 
excited photoreactive agent Within the expected ?uence 
Zones thus has an effect that expands outside those Zones. In 
addition, it is possible that singlet oxygen produced in the 
expected ?uence Zones diffuses or circulates into the larger 
volume of the tumor outside these Zones. 

[0045] Another possible cause of the expanded necrotic 
Zone achieved by the present invention is the spread of 
activated photoreactive agent from Within the expected 
?uence Zones into other portions of the tumor outside these 
Zones. Once activated by light administered during the 
extended period of light therapy, the photoreactive agent 
diffuses and circulates outside the expected ?uence Zones 
and into other portions of the tumor, Where it may destroy 
abnormal tissue. It is believed that the photoreactive agent 
that has been activated during the extended period of light 
therapy may itself have a destructive effect on abnormal 
tissue that subsequently absorbs it, and that this destructive 
effect is not oxygen dependent. The prior art has taught that 
the conversion of molecular oxygen to singlet oxygen is the 
primary cause of the destruction of abnormal tissue arising 
from conventional PDT, and that this conversion occurs only 
during a brief interval at the onset of the light therapy 
administration. HoWever, the present invention achieves a 
substantially greater destruction of abnormal tissue over a 
substantially longer period of time than should be possible 
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if this teaching of the prior art Were correct. Thus, the present 
invention achieves an unexpected result that the prior art has 
taught should not be possible. 

[0046] A further possible cause of the expanded necrotic 
Zone obtained With the present invention is a vascular stasis, 
collapse, or occlusion occurring outside the expected ?uence 
Zones, due to any of the other concomitant factors discussed 
above, or due to any venous injury and thrombosis occurring 
Within the expected ?uence Zones that propagate outside 
those Zones. The vascular stasis, collapse, and occlusion 
occurring as a result of venous injury is knoWn in the 
medical art, but has not previously been observed or dis 
closed as giving rise to an expanded volume of necrosis in 
a tumor folloWing an extended period of light therapy. 

[0047] There is another possible explanation for the much 
larger volume of abnormal tissue destroyed in accord With 
the present invention. Light applied to the abnormal tissue in 
the tumor is likely to be scattered along random paths Within 
the tissue that may penetrate to a substantially greater depth 
Within tissue, although at very much attenuated intensity. 
Accordingly, it may be that the expected ?uence Zone, Which 
represents the limit of direct penetration of light, does not 
accurately de?ne the full extent of the penetration of the 
scattered and re?ected light Within the abnormal tissue. This 
scattered and re?ected light may be of too loW an intensity 
to have much effect When administered for the relatively 
short duration of a conventional PDT procedure, but may 
have a much more pronounced effect When delivered for the 
extended duration of the present invention, so that the 
conversion of molecular oxygen to singlet oxygen occurs at 
a much greater depth Within the tumor than the expected 
?uence Zone Would indicate. 

[0048] The present invention is clearly not limited to 
administering light for an extended period of time using a 
laser source. Instead, almost any source of light can be used 
that emits light in the appropriate Waveband, i.e., corre 
sponding to the absorption Waveband of the photoreactive 
agent. For example, the light source may comprise an 
electroluminescent device, an LED, a ?uorescent light 
source, an incandescent light source, an arc lamp, or other 
source of light that is conveyed to a tumor through an optical 
?ber (or light pipe), or is disposed on a probe that is inserted 
into the tumor. Since the light is administered to the tumor 
for an extended period of time, it is generally preferable to 
implant the source of the light directly into the tumor at a 
plurality of sites and to energiZe the light sources With an 
electrical current from a poWer supply that is internal to the 
patient’s body. It is undesirable for optical ?bers or poWer 
leads to extend through the dermal layer of a patient’s body 
for an extended period of time, since such practices are 
knoWn to create a potential increased risk of infection. 
Instead, probes or light bars having a plurality of LEDs or 
other light sources disposed therein are preferably implanted 
Within the tumor and energiZed using an implanted poWer 
source. An implanted conductive coil can be energiZed by 
electromagnetically coupling poWer across the dermal layer 
from an external coil connected to an alternating current 
source, or by otherWise producing a varying electromagnetic 
?eld outside the patient’s body that is coupled to the 
implanted coil. US. Pat. No. 5,715,837, Which is assigned to 
the same assignee as the present invention, discloses details 
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of apparatus useful for this purpose, and its disclosure and 
drawings are hereby speci?cally incorporated herein by 
reference. 

[0049] FIG. 3 illustrates implanted probes 50a-50e, Which 
have been inserted into tumor 22 in a generally circular 
pattern. As shoWn more clearly in FIG. 4, each of probes 
50a-50e has a generally elliptical expected ?uence Zone 52, 
since the light is emitted from opposite sides of each probe 
and is not uniformly constant in a radial direction around the 
longitudinal axis of the probes. As shoWn in FIG. 4, the 
expected ?uence Zones of probes 50a-50e generally overlap, 
forming a rough circle that encompasses or surround a 
central Zone 56, Which does not receive any direct light 
emitted by the probes. Although conventional short-term 
PDT Would destroy the abnormal tissue Within expected 
?uence Zones 52, the present invention provides for admin 
istering the light therapy for a much longer or extended 
period of time that enables abnormal tissue in a substantially 
larger volume comprising necrotic Zone 38 of tumor 22 to be 
destroyed. Necrotic Zone 38 includes central Zone 56, Which 
is surrounded by expected ?uence Zones 52. Each of probes 
50a-50e is coupled to the remote poWer source (not shoWn) 
through leads 54. The remote poWer source can comprise a 
battery or storage capacitor Which store suf?cient energy to 
provide the relatively loW intensity light emitted by each of 
light probes 50a-50e, and/or may comprise an implanted 
coil that receives electromagnetic energy from an external 
source (neither shoWn), as noted above. 

[0050] Another aspect of the present invention arises from 
positioning the probes in a pattern such as that shoWn in 
FIGS. 3 and 4. This aspect of the present invention relates 
to the effect on central Zone 56 of the necrosis of abnormal 
tissue occurring in expected ?uence Zones 52 due to PDT. 
Since these expected ?uence Zones substantially surround 
central Zone 56, all of the blood vessels that supply oxy 
genated blood to the central Zone pass through these Zones. 
The destruction in the expected ?uence Zones of blood 
vessels supplying oxygenated blood to central Zone 56 
should cause abnormal tissue Within central Zone 56 to be 
destroyed due to oxygen and nutrient starvation. HoWever, 
since the present invention Will produce necrotic Zone 38 
that extends radially outWard of the expected ?uence Zones, 
the present invention is not limited to a pattern of light 
probes (or optical ?bers) that produce expected ?uence 
Zones overlapping to surround a central Zone. 

[0051] In FIG. 5A, details of a probe 60 suitable for use 
in the present invention are illustrated. Probe 60 includes a 
?exible substrate 62 on Which are mounted a plurality of 
spaced-apart LEDs 66. Leads 64 are coupled to conductive 
traces (not shoWn) on ?exible substrate 62 and provide 
electrical current to energiZe LEDs 66, causing them to emit 
a light 40 of the appropriate Waveband Within the light 
absorption Waveband of the photoreactive agent. An opti 
cally transparent, biocompatible envelope 68 surrounds 
LEDs 66 and ?exible substrate 62, sealing the structure so 
that the internal components are not exposed to bodily ?uids. 

[0052] FIGS. 5B and 5C illustrate details of probes 70 
and 80, respectively, in Which LEDs 66 are also used to emit 
light. HoWever, in probe 70, lenses 72 are applied over LEDs 
66 to focus light rays 40‘, minimizing the spread of the light 
emitted by each of the LEDs. In FIG. 5C, concave mirrors 
82 are mounted under LEDs 66, also focusing light 40‘. 
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Optically transparent, biocompatible envelopes 74 enclose 
each of probes 70 and 80, providing the same protection 
against bodily ?uids as noted above in connection With 
envelope 68 of probe 60. By focusing the light emitted by 
LEDs 66, a more directed pattern de?ning the elongate 
shape of expected ?uence Zones 52 can be achieved With 
probes 70 and 80. 

[0053] FIGS. 6A and 6B illustrate optical ?bers 90 and 
98, in Which a distal portion of a core 94 exposed by 
removing a portion of cladding 92 limits the direction in 
Which light rays 96 are emitted. In optical ?ber 90, cladding 
92 is removed around approximately one-half the circum 
ference of core 94, adjacent the distal end of the optical ?ber, 
so that light conveyed by the optical ?ber is emitted only 
through the exposed surface of the core and through its end. 
In optical ?ber 98, cladding 92 is removed from the entire 
portion of the distal end, and a hemispherical mirror coating 
100 surrounds approximately one-half of the circumference 
of the exposed core. Light is thereby re?ected from hemi 
spherical mirror surface 100 through the exposed side of 
core 94. FIG. 7 illustrates a cross-sectional vieW shoWing an 
expected ?uence Zone 110 extending approximately 1.5 
centimeters, and a depth of tumor necrosis 112 that is greater 
than ?ve centimeters in accord With the present invention. 
Optical ?bers 90 and 98 permit light to be administered in 
a desired direction during the administration of an extended 
light therapy. For example, by using either of optical ?bers 
90 or 98, light can be directed toWard the interior of a tumor, 
and light directed toWard the periphery of the tumor can be 
minimized, thereby avoiding exposure of normal tissue 
outside the limits of the tumor to the light. The directional 
emission of light from optical ?bers 90 and 98 can also be 
used to de?ne many different desired patterns for adminis 
tering light therapy during the extended period in accord 
With the present invention. 

[0054] With reference to FIG. 8, a tumor 120 is illustrated 
in a plan vieW; a plurality of probes 122 that emit light of an 
appropriate Waveband have been implanted in spaced-apart 
array Within the tumor, generally de?ning a circle. Each of 
probes 122 includes tWo separately energiZable groups of 
light sources that emit light in opposite directions. Speci? 
cally, When light sources 124a are energiZed, light rays 126 
are emitted that are generally directed toWard the perimeter 
or periphery of tumor 120. As a further aspect of the present 
invention, it is contemplated that by initially administering 
light rays 126 directed toWards the periphery of the tumor, 
destruction of the abnormal tissue comprising tumor 120 
Will occur ?rst around the periphery of the tumor. Thereafter, 
light sources 124b are energiZed, and light sources 124a are 
de-energiZed. Light sources 124b emit light rays 128 that are 
directed toWard the inner portion of tumor 120. Necrosis of 
the abnormal tissue around the periphery of the tumor 
should tend to cause vascular stasis, collapse, or occlusion of 
the vascular structure providing oxygenated blood to the 
inner portion of tumor 120. Accordingly, the extended light 
therapy provided by light rays 128 should continue the 
destruction of abnormal tissue Within the interior of tumor 
120 and the actual necrotic Zone Will be extended as a result 
of one or more of the concomitant factors discussed above. 
An enhanced necrosis volume Within tumor 120 is thus 
achieved using this tWo pronged light therapy. As a further 
bene?t, less electrical current is required by each of probes 
122, since only a portion of the light sources on each probe 
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are energized at a given time. This reduced electrical current 
thereby minimizes the capacity of the power source required 
to energize the probes. 

[0055] FIG. 9 illustrates a circuit 140 that can be used to 
selectively energize either light sources 124a or 124b. In this 
embodiment, the light sources comprise LEDs that only emit 
light When energized by the proper polarity voltage. Circuit 
140 includes a source 142 that supplies an alternating 
current through conductors 144 and 146. Conductor 144 is 
coupled to the anode of a silicon controlled recti?er (SCR) 
148, to the cathode of an SCR 150, and through a conductor 
152 to the cathode of an SCR 154, and the anode of an SCR 
156. Similarly, conductor 146 is connected to the anode of 
an SCR 158, the cathode of an SCR 160, and through a 
conductor 162, to the cathode of an SCR 164 and the anode 
of an SCR 166. The cathode of SCR 148, the anode of SCR 
154, the cathode of SCR 158, and the anode of SCR 164 are 
coupled through conductors 168 and 172 to the anode of the 
LEDs comprising ?rst set of light sources 124a and to the 
cathode of the LEDs comprising second set of light sources 
124b. Similarly, the anode of SCR 150, the cathode of SCR 
156, the anode of SCR 160, and the cathode of SCR 166 are 
coupled through conductors 170 and 174 to the cathode of 
the LEDs comprising the ?rst set of light sources 124a and 
the anode of the LEDs comprising the second set of light 
sources 124b. By selectively gating either SCRs 148, 150, 
158, and 160 or SCRs 154, 156, 164, and 166, either ?rst set 
of light sources 124a or second set of light sources 124b are 
selectively energized. The gating signal can be transmitted 
as an RF signal that is received and ampli?ed before 
application to circuit 140, since the circuit is internally 
implanted Within the patient’s body. AC poWer source 142 
can be an internally implanted coil, electromagnetically 
coupled to an external source of poWer, as noted above. 

[0056] FIG. 10 illustrates tumor 120 in Which probes 180 
are inserted generally in a radial direction Within the tumor. 
Probes 180 each include a ?rst set of LEDs 186 that are 
disposed adjacent an outWardly extending lead 182 of the 
probe, and a second set of LEDs 188 mounted on a ?exible 
substrate 184 adjacent its inWardly extending distal end. A 
biocompatible, optically transparent envelope 190 encloses 
each of probes 180. Initially, ?rst LEDs 186 are energized 
using circuit 140 so that light rays 192 are emitted from each 
of probes 180 in the region radially closer to a perimeter 130 
of tumor 120. After the photoreactive agent absorbed by 
tumor 120 has been activated to destroy abnormal tissue 
adjacent the periphery of the tumor, ?rst set of LEDs 186 are 
de-energized, and second set of LEDs 188 are energized, 
emitting light rays 194, Which are incident on the inner 
portion of tumor 120. The concomitant factors occurring as 
a result of the extended duration of light therapy provided by 
light rays 192 and 194 thereby destroy substantially all of 
tumor 120, even though the total volume of tumor 120 is 
substantially greater than the expected ?uence zone for the 
light sources on probes 180. 

[0057] The discovery of the present invention arose in 
connection With an actual in vivo clinical test on a patient to 
treat a retroperitoneal tumor 200, generally shaped as shoWn 
in FIGS. 11A and 11B. Tumor 200 had been treated 
previously With chemotherapy and With radiation therapy. 
Also, attempts had been made to surgically remove it, but 
tumor 200 had been resistant to each of these conventional 
forms of treatment. In fact, at the time the clinical study Was 
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undertaken, tumor 200 had groWn through a dermal layer 
202 so that a protruding portion 204 Was exposed. In this 
clinical study, four light bars or probes 206 and tWo probes 
208 Were initially inserted into protruding portion 204 of the 
tumor. Since this portion of the tumor Was fully exposed, it 
Was not necessary to surgically or endoscopically implant 
probes 206 and 208, and the probes could be energized using 
electrical current from an external poWer supply 212 sup 
plied through leads 210. The poWer supplied to produce light 
at each probe ranged betWeen 25 and 35 mW. The probes 
Were inserted into protruding portion 204 in the pattern 
illustrated in FIG. 11B. The photoreactive agent aminole 
vulinic acid (ALA) Was administered to the patient approxi 
mately ?ve hours prior to energizing probes 206 and 208. 
Probes 208 Were inadvertently pulled from the tumor and 
Were de-activated after approximately 18 hours, leaving the 
remaining four probes 206 in place and activated for a total 
of 48 hours. 

[0058] Four Weeks folloWing the administration of the 
extended light therapy to tumor 200, necrosis in the pro 
truding portion Was observed up to approximately ?ve 
centimeters aWay from the point Where the nearest probe had 
been disposed. The maximum depth of the necrosis Within 
protruding portion 204 Was 5 cm beyond the distal tip of any 
of the probes. Thus, the extent of the necrosis observed in 
tumor 200 Was substantially and unexpectedly greater than 
Would have been expected based upon the teachings of the 
prior art. This extensive volume of necrosis is believed to 
have been caused by one or more of the concomitant factors 
discussed above. The substantially greater volume of necro 
sis, extending both radially and in depth Well beyond the 
expected ?uence zones of the probes, far exceeds that Which 
Would have been expected based upon PDT destruction of 
the abnormal tissue directly illuminated by light from probes 
206 and 208 in these zones. 

[0059] FIGS. 12 and 13 illustrate tWo further exemplary 
con?gurations for placing probes Within a tumor 220. In 
these exemplary con?gurations, the abnormal tissue com 
prising the tumor is treated With an appropriate photoreac 
tive agent prior to administration of the extended light 
therapy. In FIG. 12, probes 222a, 222b, and 222c are angled 
inWardly so their outWardly extending proximal ends are 
radially further apart than their inWardly extending distal 
ends. A probe 222d is inserted generally Within the central 
region of tumor 220, adjacent its upper surface. Leads 224 
extend from the probes to a remote poWer source (not 
shoWn) for energizing the probes so that they emit light into 
the tumor. By positioning probe 222d transversely Within the 
central portion of the tumor, the light pattern provided by the 
probes should enhance the volume of necrosis resulting from 
one or more of the concomitant factors discussed above. The 
interior of tumor 220 should be deprived of oxygen due to 
the destruction of the vascular system surrounding it and this 
factor should also enhance the destruction of abnormal 
tissue resulting from the extended light therapy. 

[0060] A similar result is achieved using the exemplary 
con?guration of probes 226a-226e Within tumor 220 shoWn 
in FIG. 13. Again, leads 224 couple these probes to a remote 
poWer source (not shoWn). In this embodiment, each of the 
probes are generally inserted into tumor 220 so that their 
longitudinal axes are generally parallel With each other. 
Probe 226c is inserted into the center of tumor 220 and 
includes light sources adjacent its proximal and distal ends 
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that are energized to produce a ?uence Zone 228 and 230 as 
illustrated in FIG. 13. The volume between ?uence Zones 
228 and 230, Which does not receive direct light from any of 
the probes, is nevertheless destroyed due to the vascular 
effects caused by destruction of the surrounding abnormal 
tissue. The oxygen and nutrient supply to the internal portion 
of tumor 220 is thus cut off due to the necrosis of the 
vascular system around the periphery of the tumor. 

[0061] It Will be apparent that the probes and leads in the 
above examples may be replaced With optical ?bers coupled 
to one or more internal or external light sources. In addition, 
it should be apparent that many other con?gurations of 
probes or optical ?bers can be employed to achieve the 
concomitant effects resulting from long-term administration 
of light therapy in accord With the present invention. 

[0062] Although the present invention has been described 
in connection With the preferred forms of practicing it, those 
of ordinary skill in the art Will understand that many other 
modi?cations can be made thereto Within the scope of the 
claims that folloW. Accordingly, it is not intended that the 
scope of the invention in any Way be limited by the above 
description, but instead be determined entirely by reference 
to the claims that folloW. 

The invention in Which an exclusive right is claimed is 
de?ned by the folloWing: 
1. A method for destroying abnormal tissue in a tumor 

Within a patient’s body using an extended light therapy and 
at least one concomitant effect thereof, comprising the steps 
of: 

(a) administering a photoreactive agent to the abnormal 
tissue, said photoreactive agent being preferably 
absorbed by the abnormal tissue rather than by normal 
tissue in the patient’s body and having a characteristic 
absorption Waveband; 

(b) administering light to a treatment Zone in the tumor 
that is determined by the penetration depth of the light 
into the tumor along a direct path, said light having a 
Waveband corresponding to the absorption Waveband 
of the photoreactive agent, a pattern in Which said light 
is administered to the tumor de?ning a shape of the 
treatment Zone so that the treatment Zone encompasses 

a substantial portion of the tumor not penetrated by the 
light being administered along a direct path and is thus 
outside the treatment Zone; and 

(c) continuing to administer the light to the treatment Zone 
for at least three hours of extended light therapy, said 
light destroying the abnormal tissue that it illuminates 
by activating the photoreactive agent absorbed thereby, 
said extended period of light therapy indirectly destroy 
ing said substantial portion of the tumor that is not 
penetrated by the light being administered by inducing 
said at least one concomitant effect that destroys the 
abnormal tissue comprising said substantial portion of 
the tumor. 

2. The method of claim 1, Wherein destruction of the 
abnormal tissue in the treatment Zone deprives said substan 
tial portion of the tumor from receiving oxygen, said abnor 
mal tissue in said substantial tissue thus being destroyed due 
to oxygen depletion. 

3. The method of claim 1, Wherein the photoreactive agent 
in the treatment Zone that is activated by the light being 
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administered thereto diffuses into said substantial portion of 
the tumor that is not penetrated by the light, said photore 
active agent that is thus activated being operative to destroy 
the abnormal tissue in the substantial portion of the tumor. 

4. The method of claim 1, Wherein the light therapy causes 
necrosis of the abnormal tissue in the treatment Zone, Which 
causes one of an immune response and an in?ammation in 
the patient’s body that destroys the abnormal tissue in said 
substantial portion of the tumor. 

5. The method of claim 1, Wherein destruction of abnor 
mal tissue in the treatment Zone causes one of vascular 

collapse, stasis, and occlusion, so that blood How to said 
substantial portion of the tumor is interrupted, causing the 
abnormal tissue in said substantial portion to die. 

6. The method of claim 1, Wherein the light is adminis 
tered through an optical ?ber from a source that is external 
to the patient’s body. 

7. The method of claim 1, further comprising the step of 
implanting a plurality of probes for administering the light 
into the tumor at spaced-apart locations Within the treatment 
Zone to determine the shape of the treatment Zone. 

8. The method of claim 7, Wherein the light is adminis 
tered from at least one light source included on each of the 
plurality of probes. 

9. The method of claim 7, Wherein the light is delivered 
to the plurality of probes through a plurality of optical ?bers 
from a source that is external to the patient’s body. 

10. The method of claim 7, Wherein the depth at Which 
light from each of said plurality of probes penetrates the 
tumor in the treatment Zone is not more than about 3 cm. 

11. The method of claim 1, Wherein the light administered 
to the treatment Zone produces singlet oxygen, Which 
depletes oxygen from said substantial portion of the tumor, 
causing a gradient of a hypoxia and an anoxia in said 
substantial portion of the tumor that leads to a destruction of 
the abnormal tissue in said substantial portion of the tumor. 

12. The method of claim 7, further comprising the steps 
of: 

(a) emitting light into the tumor in a ?rst direction from 
each of the plurality of probes, said ?rst direction being 
determine relative to each probe from Which the light is 
emitted and not necessarily identical for each probe; 

(b) terminating light emission into the tumor in the ?rst 
direction; and 

(c) emitting light into the tumor in a second direction from 
each of the plurality of probes, said second direction 
being substantially different from the ?rst direction for 
each of the probes from Which the light is emitted. 

13. The method of claim 12, Wherein the ?rst direction is 
toWard a perimeter of the tumor, and the second direction is 
toWard an interior of the tumor, light emitted in the ?rst 
direction causing destruction of the abnormal tissue toWard 
the perimeter of the tumor from each probe, Which improves 
an efficacy With Which the light emitted in the second 
direction destroys the abnormal tissue. 

14. A method for destroying abnormal tissue in a tumor 
Within a patient’s body using an extended light therapy that 
induces necrosis of the abnormal tissue beyond a Zone over 
Which the light therapy is administered, comprising the steps 
of: 

(a) administering a photoreactive agent to the abnormal 
tissue of the tumor, said photoreactive agent being 
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preferentially absorbed by the abnormal tissue rather 
than by normal tissue in the patient’s body and having 
a characteristic light absorption bandwidth; 

(b) administering light to the abnormal tissue at a plurality 
of spaced-apart sites Within the tumor through a plu 
rality of probes that are inserted Within the tumor, light 
from said plurality of probes only penetrating the 
abnormal tissue Within a treatment Zone comprising a 
limited volume of the tumor, said light being Within the 
characteristic light absorption bandWidth of the photo 
reactive agent, said light activating the photoreactive 
agent to destroy the abnormal tissue illuminated by the 
light by a process of photodynamic therapy; and 

(c) continuing the administration of light through the 
plurality of probes for an extended treatment period in 
excess of three hours, said extended treatment period 
inducing a secondary effect that causes necrosis of the 
abnormal tissue outside the treatment Zone, in a region 
of the tumor that is not penetrated by the light traveling 
in a direct path. 

15. The method of claim 14, Wherein the probes are 
inserted into the tumor in a pattern that at least partially 
surrounds said region of the tumor that is not penetrated by 
the light traveling in a direct path, destruction of the abnor 
mal tissue in the treatment Zone by the photodynamic 
therapy causing one of a vascular stasis, collapse, and 
occlusion that induces the necrosis of the abnormal tissue 
outside the treatment Zone. 

16. The method of claim 14, further comprising the step 
of directing the light from the plurality of probes in a 
prede?ned direction to limit administration of the photody 
namic therapy to a de?ned portion of the tumor. 

17. The method of claim 16, Wherein the step of directing 
comprises the step of providing a re?ective surface on one 
side of the probe to limit administration of the light in the 
prede?ned direction. 

18. The method of claim 14, Wherein destruction of the 
abnormal tissue in the treatment Zone due to the photody 
namic therapy induced necrosis of the abnormal tissue 
outside the treatment Zone due to one of an immune response 
and an in?ammation. 

19. The method of claim 14, Wherein the necrosis of the 
abnormal tissue outside the treatment Zone is induced as a 
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result of an oxygen depletion in said abnormal tissue caused 
by formation of singlet oxygen in the treatment Zone during 
the extended treatment period. 

20. The method of claim 14, Wherein the necrosis of the 
abnormal tissue outside the treatment Zone occurs due to a 
diffusion and circulation of the photoreactive agent into said 
abnormal tissue folloWing activation of said photoreactive 
agent by administration of the light to the treatment Zone 
during the extended treatment period, the activation of said 
photoreactive agent by the light enabling it to destroy the 
abnormal tissue outside the treatment Zone. 

21. The method of claim 14, Wherein the plurality of 
probes emit light that is produced by at least one light source 
on each of the plurality of probes. 

22. The method of claim 14, Wherein the plurality of 
probes are each coupled to a source of light that is external 
to the patient’s body by a different one of a corresponding 
plurality of optical ?bers. 

23. The method of claim 14, Wherein a plurality of 
spaced-apart light sources are included Within each of the 
plurality of probes. 

24. The method of claim 23, Where different ones of the 
plurality of light sources on at least one of the plurality of 
probes are selectively energiZable so that a ?rst portion of 
the plurality of light sources that emit the light in a ?rst 
prede?ned direction are energiZable separate from a second 
portion of the plurality of light sources that emit light in a 
second prede?ned direction. 

25. The method of claim 14, Wherein the plurality of 
probes are transcutaneously inserted into the tumor. 

26. The method of claim 25, further comprising the step 
of energiZing the plurality of probes from an external source 
of poWer by transcutaneous transfer of energy. 

27. The method of claim 14, further comprising the step 
of alternating a direction in Which the light is administered 
to the tumor from each probe betWeen at least a ?rst and a 
second direction during the extended treatment period, said 
?rst direction being substantially different than the second 
direction. 

28. The method of claim 27, Wherein the light is only 
administered in one of the ?rst and the second directions at 
a time. 


