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(57) ABSTRACT 

The present invention provides a method for diagnosing or 
treating prostatic tissue in a human or animal patient Which 
comprises sensitizing the prostatic tissue With an effective 
amount of a photosensitive composition Which accumulates 
in the prostatic tissue and exposing the sensitized tissue to a 
source of light energy for a predetermined time and intensity 
suf?cient to cause cellular and/or tissue function of the 
sensitized prostatic tissue to diminish or cease. 
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USE OF PHOTODYNAMIC THERAPY TO TREAT 
PROSTATIC TISSUE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to the medical ?eld 
and, more particularly, to the use of photodynamic therapy 
to treat prostate tissues, and to the use of transurethral 
photodynamic therapy to treat malignant transformation of 
the prostate tissue, such as obstructive carcinoma of the 
prostate and in?ammatory conditions of the prostate. The 
present invention involves treatment of a patient With pro 
static disorders using a photosensitive composition Which 
accumulates in the prostate tissue. 

[0002] Various types of prostatic tissue become hypertro 
phied or increased in siZe, Which increase does not neces 
sarily involve malignant transformation. While the causes of 
such hypertrophy of the tissue are numerous, until the 
present invention, the treatments of such hypertrophied 
tissue have various limitations. In particular, benign prostate 
hypertrophy (BPH) causes enlargement of the prostate gland 
and/or constriction of the urethra. Benign prostatic hyper 
trophy is a relatively common disorder in older males. 
Another type of prostate disorder is cancer of the prostate, 
such as obstructive carcinoma of the prostate. Still another 
type of prostate disorder is prostatitis. Prostatitis is an 
in?ammatory condition due to an infective pathogen, such 
as a bacterium or other microbe. Often prostatitis does not 
respond Well to antibiotic treatment. In chronic or severe 
cases of prostatitis, abscesses can form and destroy prostatic 
tissue. Some manifestations of these prostate disorders cause 
a constriction of the urethra Within the prostate and results 
in various symptoms including stanguria, nocturia, fre 
quency of urination and sometimes retention of urine. 

[0003] Currently there are various methods for treating 
prostatic disorders including surgical treatment, drug 
therapy, hypothermia and hyperthermia treatment, implan 
tation of prostatic stents and enlargement of the urethra 
using dilation balloons. 

[0004] The surgical treatment of these disorders involves 
exposing the prostate and removing the affected prostatic 
tissue under direct vision by the surgeon. Another surgical 
method involves transurethral resection Wherein an instru 
ment is placed in the external opening of the urethra and 
sections of the prostate gland are removed from Within the 
prostatic urethra. Despite the signi?cant advances in patient 
treatment using transurethral resection, there is a need for 
less invasive treatment to relieve the patient of the symp 
toms of such prostate disorders. It is Widely knoWn that 
complications including bleeding, infection, residual ure 
thral obstruction or stricture, retrograde ejaculation, incon 
tinence or impotence may result from these surgical meth 
ods. 

[0005] One partially effective method in achieving urinary 
out?oW involves the placement of a tube or catheter through 
the external urethra into the bladder in order to alloW urine 
to ?oW from the bladder. The urinary catheter may have a 
balloon at the distal tip Which, When in?ated Within the 
bladder, prevents the removal of the catheter from the body. 
This method generally is not a suitable long term treatment 
since problems from infection and maintenance of the 
catheter may arise. 
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[0006] Other attempts to treat prostatic disorders involve 
dilation of the urethra in an area adjacent the prostate gland. 
Various methods of dilation have been proposed in order to 
enlarge the urethra to alloW for normal urination. One 
continuing concern is that the prostate gland returns to its 
original dimensions after dilation. Thus, the dilation pro 
vides only a temporary solution to the urethral constriction. 
The ?brous prostate gland is resilient and causes constriction 
of the urethra to recur shortly after treatment. This is of 
particular concern since prostatic disorders involve the 
?brous and enlarged tissue of the prostate gland itself. 
Enlargement by dilation of the urethra Wall typically has no 
lasting effect on relieving the constriction on the urethra 
since the prostate gland returns to its previous shape shortly 
after dilation. 

[0007] Therefore, it is important that a method for treating 
prostatic disorders include a Way to keep the urethra from 
being constricted by the prostate gland after such treatment. 
Without such treatment, the patient may be required to 
undergo repeated treatments in order to maintain the integ 
rity of the urethra lumen. 

[0008] In photodynamic therapy photosensitive composi 
tions are used to selectively destroy pathologic tissue. For 
example, various photosensitive compounds localiZe in 
tumorous tissue Where the compositions absorb light at 
certain Wavelengths When irradiated. The photosensitive 
compositions are useful due to their ability to localiZe in the 
cancerous or tumorous tissue and not in the surrounding 
non-cancerous or normal tissues. 

[0009] Photosensitive compositions have been proposed 
as useful compounds for topical application for diagnosis 
and treatment of skin diseases. In addition, photosensitive 
compositions have been proposed for use to steriliZe bio 
logical samples containing infectious agents such as bacteria 
and viruses. The bactericidal effects are induced by irradia 
tion of tissues treated With photosensitive compositions 
against gram-positive and gram-negative microorganisms 
(Martinetto et al. Drugs Exp. Clin. Res. XII (4) 335-342, 
1986). The photosensitive compositions have also been used 
to decontaminate blood and blood components. In addition, 
photosensitive compositions have been used in the treatment 
of blood vessel occlusions such as atherosclerotic plaques, 
thrombi, and the like. 

[0010] Photodynamic therapy in combination With hyper 
thermia has also been proposed as a useful method in 
treating many of these applications. Photosensitive compo 
sitions have also been proposed as useful in the diagnosis of 
disease. These photosensitive compositions have ?uorescent 
properties and since the photosensitive compositions 
sequester in diseased tissue, ?uorescent measurement can be 
used to diagnose and localiZe the disease, or direct therapy. 

[0011] Until the present invention there has been no sug 
gestion of using photodynamic therapy, either alone or in 
combination With hyperthermic therapy, in the diagnosis and 
treatment of non-cancerous, prostatic disorders, such as 
benign prostatic hypertrophy and prostatitis. 
[0012] Further, until the present invention, there has been 
no suggestion of using photodynamic therapy in the in vivo 
treatment of an infectious prostatitis. 

DISCLOSURE OF THE INVENTION 

[0013] The present invention provides a method of diag 
nosing and treating prostatic disorders and the related symp 
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toms of urinary retention or urinary frequency. The method 
of the present invention requires little or no hospitalization 
and avoids the possible complications Which accompany 
other methods of treating prostatic tissues. In one embodi 
ment, the present invention provides a method for relieving 
the constriction of the urethral opening or lumen. The 
present invention further provides a method for treating 
prostatic disorders Which method comprises destruction of 
photosensitiZed prostate tissue using photodynamic therapy 
either alone or in combination With hyperthermic therapy. 

[0014] It is contemplated that various photosensitive com 
positions are useful in the present invention. There are 
various classes of useful photosensitive compositions, 
including, for example, porphyrins, chlorins (such as ben 
Zochlorins, benZochlorin metal complexes, bacteriochlorins 
and the like), purpurins, verdins, phthalocyanines and imi 
nium salts of these compositions and other compositions. It 
is to be understood that the present invention envisions the 
use of these and other classes of photosensitive composi 
tions, and the present invention is not limited to particular 
photosensitive compositions. 

[0015] Examples of various knoWn photosensitive com 
positions include those compounds disclosed in Selman et 
al., Photochem and Photobiol., 57:681-685 (1993), Morgan 
et al., J. Org. Chem. 51:1347-1350 (1986), Skalkos, et al., 
Med. Chem. Res. 2:276-281 (1992), the Us. patent appli 
cation Ser. No. 07/901,597 and Morgan, et al., U.S. Pat. Nos. 
4,877,872, 4,988,808, 5,051,415 and 5,216,012 references, 
Which are expressly incorporated herein. (All references 
disclosed herein form a part of the disclosure and are 
expressly incorporated by reference.) These compositions 
are physiologically acceptable for subcutaneous or intrave 
nous administration as solutions, emulsions or suspensions 
or for topical, rectal or oral preparations. 

[0016] The photosensitive composition is administered in 
an effective amount such that a suf?cient amount of the 
photosensitive composition accumulates in the prostatic 
tissue. In certain embodiments of the present invention, a 
predetermined period of time is alloWed to pass in order to 
optimiZe the accumulation of the photosensitive composi 
tion in the affected tissue. It is contemplated that various 
protocols of treatment using the method of the present 
invention may involve illuminating the photosensitive com 
positions for time periods ranging from a relatively short 
time of approximately one hour or less to a longer time of 
three to four days after administration of the composition to 
the patient. HoWever, it should be understood that the 
optimum time lapse (if any) betWeen drug administration 
and illumination depends on the type and amount of pho 
tosensitive composition administered, the patient’s history 
and the judgment of the practitioner. 

[0017] After the photosensitive composition accumulates 
in the tissue, the tissue is irradiated With light of a prede 
termined Wavelength at Which the composition shoWs absor 
bance peaks optimum for ?uorescence excitation or, using 
another Wavelength, for tissue destruction. This absorption 
of light energy by the photosensitive composition causes a 
reaction Which destroys the tissue in Which the composition 
has accumulated and the light is delivered. It is to be 
understood that the particular Wavelength and intensity of 
light energy delivered to the tissue is dependent, in part, 
upon the type of photosensitive composition being used. In 
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certain embodiments, photosensitive compositions Which 
have absorbance peaks at longer Wavelengths and shoW 
greater absorbencies may be used. In various embodiments, 
the longer Wavelength peaks are advantageous because the 
light of the longer Wavelengths is capable of greater pen 
etration of tissue, While the greater absorbencies are desir 
able because less light energy is required to cause a given 
degree of reaction. 

[0018] In addition to the required photosensitive compo 
sition, certain additional components may be chemically 
attached to or physically combined With the photosensitive 
composition for administration to the patient. These addi 
tional components may include labeling compositions 
including, for example, cytotoxins, monoclonal antibodies 
and receptor ligands, Which may enhance the photosensitive 
composition’s selectivity for the prostate. 

[0019] The photosensitive compositions and any addi 
tional components are formulated into a ?nal pharmaceutical 
formulation for administration to the patient using tech 
niques generally knoWn in the art. The pharmaceutical 
formulation can be administered systemically, in particular 
by intravenous injection and can be used singly or as 
components of mixtures as solutions, emulsions or suspen 
sions. The pharmaceutical formulation may be delivered 
orally, topically, intravenously, subcutaneously, rectally, or 
by direct injection into the tissue. For example, in one 
embodiment of the invention, the photosensitive composi 
tion is delivered by direct injection into the prostate via a 
transurethral, transrectal or transperineal approach. It is to be 
understood that the injectable materials can be prepared in 
conventional forms either as liquid suspensions or solutions, 
solid forms suitable for solution or suspension and liquid 
prior to injection or as emulsions. The formulation may 
include suitable excipients such as saline, dextrose, glycerol, 
Water and the like. The injectable formulation may also 
contain additional components such as pH buffering agents, 
Wetting or emulsifying agents and the like. Various modes of 
administration are Well knoWn in the art and the systemic 
administration can be implemented in a manner Which is 
most suitable for delivery of the photosensitive composition. 
This administration can include a sloWer sustained release 
system or, if properly formulated, an oral administration. 
The quantity of the formulation being administered is depen 
dent upon the choice of the active photosensitive composi 
tion, the condition to be treated, the mode of administration, 
the individual patient and the expertise and judgment of the 
practitioner. As such, smaller or larger doses may be needed 
depending upon the speci?city of the formulation. It is 
contemplated that in formulations having such additional 
components such as highly speci?c monoclonal antibody 
preparations and speci?c receptor ligands, the dosages may 
be less than formulations Which are less speci?c to the target 
tissue. It is contemplated that ranges in about 0.05 -10 mg/kg 
are suitable. It is to be understood that these ranges are 
merely suggestive and many variables must be taken into 
consideration in the treatment of individual patients and 
variations from these recommended values are expected. 

[0020] The Wavelength of irradiating light is chosen to 
match the maximum absorbance of the photosensitive com 
position. The suitable Wavelengths for the photosensitive 
compositions are readily determined by the composition’s 
absorption spectrum. For example, the photosensitive com 
position tin (II) chloride etiopurpurin is illuminated With 
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light that includes the absorption peak at 660 nm. The 
irradiation dosages are readily determined and dependent 
upon the method of delivery of the photosensitive compo 
sition (i.e. intravenous; topical administration, direct injec 
tion and the like) and the type and amount of photosensitive 
composition being administered. Thus, the intensities of 
light illumination Will typically be in the range of less than 
about 15 to more than about 500 joules of light. 

[0021] Other ingredients Which can be included in the 
formulation include antimicrobial agents and/or preserva 
tives as necessary. Many variations of the above, along With 
other suitable vehicles Will suggest themselves to those 
skilled in the art in light of the description herein. 

[0022] Irradiation of the tissue containing the photosensi 
tive composition in accordance With the instant invention 
can be achieved by delivering light energy from conven 
tional light source, or a laser, or by sending an electromag 
netic signal from an appropriate transmitting device. The 
particular method of irradiation of the tissue depends upon 
the location in the patient of the affected prostate tissue. 

[0023] The light energy can be delivered through a light 
delivery means via a transurethral, transrectal or trans 
perineal approach. It is also contemplated that the light can 
be delivered by direct insertion of a light delivery means into 
the prostatic tissue. For eXample, in one embodiment, the 
light energy is delivered through an optical ?ber Which can 
optionally have a light diffusing means operatively attached 
thereto. Another embodiment of the present invention also 
provides for delivery of light to the prostate via a transure 
thral approach. 

[0024] In one particular embodiment, the light energy is 
delivered to a patient’s prostate by placing the light delivery 
means in a urethral catheter. The light delivery means is 
properly located Within the urethra and positioned adjacent 
to the target prostate tissue. A portion of the catheter is 
sufficiently transparent or translucent to alloW the light 
energy to adequately irradiate the adjacent prostate tissue. In 
various embodiments of the present invention, a balloon 
may be af?Xed to the distal end of the catheter for ?xation 
of the balloon Within the bladder and adjacent the bladder 
sphincter muscle in various embodiments of the present 
invention, it is also possible to af?X a second balloon 
coaXially around the catheter. The distal end of the second 
balloon adjacent the distal end of the catheter may be coated 
With an opaque or re?ective shield type material such that 
light does not penetrate the adjacent sphincter muscle or 
bladder tissues. It is also contemplated that an opaque and/or 
re?ective stop means can be positioned adjacent the distal 
end of the catheter to prevent the light delivery means from 
entering the sphincter or bladder. The stop means also aids 
in con?rming proper localiZation of the catheter. 

[0025] It is also contemplated that the catheter can be 
provided With an apparatus to cool or heat the affected tissue 
area. It is also contemplated that the catheter can be provided 
With various means for guiding the catheter through a lumen, 
and means for measuring light intensity, temperature and 
drug ?uorescence or illumination. It is also contemplated 
that the catheter can be provided With an irrigation apparatus 
to provide a source of irrigation to the area as desired and to 
keep the area being irradiated relatively clear. 

[0026] Accurate positioning of the light delivery means 
assures that there is limited penetration of light into the 
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tissue and that only the desired tissue is irradiated. Such 
accurate positioning can be aided by using an ultrasound 
probe. It is also contemplated that other methods of accu 
rately positioning the light delivery means can be used. For 
eXample, the catheter and/or light delivery means can have 
graduated marks thereon so that the actual position of the 
light delivery means can be accurately located. 

[0027] The light delivery means can be in the form of a 
light guide, such as a ?ber optic bundle, Which in preferred 
embodiments, comprises at least one optical ?ber having an 
appropriate provision for lighting thereof, The light delivery 
means and catheter each have a suf?ciently small cross 
section so that the light delivery means and catheter may be 
fabricated Within the appropriate dimensions to comfortably 
?t Within the patient’s body or desired ori?ce. The catheter 
may be of a rigid type material or may be made of suf? 
ciently ?exible material for positioning the light delivery 
means and catheter throughout a tortuous path. 

[0028] If desired, the light energy may be delivered inter 
stitially into the prostatic tissue by ?rst inserting a needle 
into the prostatic tissue via a transurethral, transrectal or 
transperineal approach. The light delivery means is coaXi 
ally inserted through the needle and the needle is thereafter 
removed, leaving the light delivery means directly in contact 
With the affected prostatic tissue. 

[0029] After proper localiZation of the light delivery 
means is achieved, the light source is operatively engaged 
and light energy irradiates the adjacent tissue. The preferred 
length of time of irradiation and Wavelength of light are 
determined by the type and amount of photosensitive com 
position being used and other factors as described above. 
The irradiation of the photosensitive composition causes the 
photosensitive composition to absorb light generally or 
induces a photochemical reaction of the photosensitive 
composition, thereby inducing destruction of the affected 
tissue. The photosensitive composition may cause a hemor 
rhagic necrosis of the affected tissue. Further, With the 
passage of time there is subsequent diminishment or cessa 
tion of the cellular and/or tissue functions and subsequent 
atrophy of the prostatic tissue. It is surprisingly found that 
When using a transurethral approach, the urethra itself and 
the urethra mucosa are either spared any damage or regen 
erate While the tissue of the prostate gland remains in the 
destroyed or atrophied state. 

[0030] Further objects, features and advantages of the 
present invention Will become apparent from the detailed 
description of the preferred embodiments Which folloWs, 
When considered together With the attached Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a simpli?ed sectional vieW of a region of 
a male shoWing the urethra, prostate gland and bladder, 
schematically illustrating one method of practicing the 
present invention. 

[0032] FIG. 2 is a simpli?ed sectional vieW of a region of 
a patient’s prostatic tissue, schematically illustrating another 
method of practicing the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] Referring to FIG. 1, there is illustrated in simpli 
?ed form a sectional vieW of a male shoWing a bladder 10 
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(including the bladder sphincter muscle 11), a prostate gland 
12, a urethra 14 in a distended condition and de?ning an 
opening or lumen 15 and a prostate portion 16 of the urethra 
14 extending through the prostate 12. It is the prostate gland 
12 Which causes constriction or stenosis of the prostatic 
urethra 16. It is to be understood that in various prostatic 
disorders, the interior diameter of the prostatic urethra 16 
has become smaller than the interior diameter of the non 
prostatic urethra 14. In FIG. 1, the diameter of the prostatic 
urethra 16 is draWn slightly out of proportion and is enlarged 
for ease of illustration of the present invention. 

[0034] Aphotodynamic therapy system or apparatus 18 in 
accordance With one embodiment of the present invention is 
generally shoWn in FIG. 1. The photodynamic therapy 
apparatus 18 generally comprises a catheter 20, a light 
delivery means 22 and a source of light energy 28. The 
catheter 20 de?nes an opening 21 extending axially there 
through for receiving the light delivery means 22. The light 
delivery means 22 can comprise at least one, or alternately 
multiple, long, small diameter optic ?bers. The light delivery 
means 22 coaxially extends through the catheter 20. In a 
alternative embodiment (not shoWn), the light delivery 
means 22 may be a part of the catheter 20. It is to be 
understood that the catheter 20 and the light delivery means 
22 may generally have a rounded or tapered con?guration to 
minimiZe any damage to the urethral lining and to ease 
insertion of the catheter 20 and light delivery means 22 into 
the opening 15 of the urethra 16. At least a portion of the 
catheter 20 is disposed Within the prostatic urethra 16. The 
light delivery means 22 has a distal end 24 Which is 
generally transparent or translucent and a proximal end 26 
Which extends from the distal end 24 out of the patient’s 
body to the light energy or optical signal generating source 
28 such as a laser, LED device, or lamp. 

[0035] It has been found that one particularly useful light 
source comprises a laser Which delivers highly accurate 
intensities and Wavelengths of light through at least one 
optical ?ber With a distal end Which is comprised of a 
diffusing material Which alloWs the light to radiate from the 
optic ?ber. For example, useful light sources are described 
in US. Pat. Nos. 5,169,395 and 5,196,005. 

[0036] The proximal end 26 of the light delivery means 22 
is preferably of an opaque and/or re?ective material such 
that no light is delivered to any surrounding tissue. The axial 
length of the distal end 24 is suf?cient to generally illumi 
nate an affected area 30 of the prostate 12. In preferred 
embodiments, the length of the distal end 24 can vary from 
about 1 to about 4 cm., depending upon the extent of the 
obstruction of the urethra and the siZe of the prostate gland 
itself. It is understood that the preferable length of the distal 
end 24 Will vary from patient to patient and that judgment of 
the practitioner Will determine the proper length of the distal 
end 24 in order to accurately deliver the required light to the 
prostatic tissue. In certain embodiments, it is preferred that 
the distal end 24 be of a diffusing material such that the light 
radiates outWardly from the axis of the distal end 24 into the 
prostate 12. In the embodiment shoWn in FIG. 1, the 
affected area 30 of the prostate 12 receives the diffused light 
(schematically indicated With arroWs) Which passes through 
the catheter 20, a balloon 37 and the prostatic urethra 16 into 
the affected area 30 of the prostate 12. 

[0037] In certain embodiments, it is contemplated that a 
?exible, resilient balloon 32 can be positioned on a distal 
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end 34 of the catheter 20. The balloon 32 can be positioned 
snugly adjacent the bladder 10 and sphincter muscle 11. The 
balloon 32 aids in positioning the catheter 20 and the light 
delivery means 22 and protects the adjacent tissues. The 
balloon 32 is ?lled (in certain embodiments, under pressure) 
With a suitable ?uid, such as air or a saline solution material 
33 and is sealed. The distal end 34 of the catheter is 
preferably made of opaque and/or re?ective material Which 
prevents the light from penetrating or scattering into the 
sphincter muscle 11, bladder tissue 10 and surrounding 
tissues. It is also contemplated that the balloon 32 can be of 
an opaque or re?ective material. 

[0038] Also, an opaque and/or re?ective type stop means 
36 can be positioned betWeen the balloon 32 and the distal 
end 34 of the catheter 20 to provide a further safeguard 
against positioning of the distal end 24 of the light delivery 
means 22 beyond the point of the affected prostatic tissue 
and to further prevent light from penetrating or scattering 
into the surrounding tissues. 

[0039] It is also contemplated, in certain embodiments, 
that a second ?exible, resilient balloon 37 may be coaxially 
placed around the catheter 20 such that the second balloon 
37 is positioned Within the prostatic urethra 16 adjacent the 
prostatic tissue. The second balloon 37 is of a generally 
transparent or translucent material Which alloWs the light to 
pass therethrough. A distal portion 38 of the balloon 37 is 
coated With a suitable light absorbing and/or re?ective 
material to prevent the light from penetrating or scattering 
into the surrounding tissues. The balloon 37 is ?lled (in 
certain embodiments, under pressure) With a transparent or 
translucent material 39 such as air, saline solution, Water, or 
other suitable ?uid and is sealed. The second balloon 37 may 
be used to smooth out any invagination of the prostatic 
urethra 16 and surrounding prostate tissue such that When 
the prostate is irradiated, there is a more even delivery of 
light into the affected area 30 of the prostate 12. The second 
balloon 37 can also be used to help localiZe and hold the 
catheter 20 in position Within the prostatic urethra 16. 

[0040] The various methods and apparatuses used to 
deliver the material 33 to the ?rst balloon 32 and the 
transparent or translucent material 39 to the second balloon 
37 are operatively connected to the device of the present 
invention, but not shoWn for easier visualiZation of the 
invention. It is also contemplated that monitors (not shoWn) 
can be placed in the balloon Walls (not shoWn) for measuring 
light intensity and temperature. This positioning of the 
catheter 20, balloons 32 and 37, and light delivery means 22 
can be aided using an ultrasound probe (not shoWn) and/or 
by direct visualiZation using an endoscope (not shoWn). 

[0041] It is to be understood that, in certain embodiments, 
While the ?rst balloon 32 and second balloon 37 are provided 
for ease and safety of use, they are not essential to every 
embodiment of the method of the present invention and may 
be eliminated Without departing from the spirit and scope of 
the present invention. 

[0042] Also, it is contemplated that various other appara 
tuses (not shoWn) may be employed Within the scope of the 
present invention in order to ease the use of the method of 
the present invention by cleansing, heating and/or cooling 
the tissue being treated With the photodynamic therapy of 
the present invention. For example, loW level hyperthermic 
treatment of the prostatic tissue, When used With the pho 
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todynamic therapeutic method of the present invention, 
shows a strong synergistic reaction. In particular, When 
about 40-45° C. heat is delivered to the tissue by, for 
example, microWave (not shoWn) or laser (not shoWn), the 
effects of the photodynamic therapy are enhanced. 

[0043] After the light delivery means 22 is localiZed 
adjacent the prostate 12, the light source 28 is activated and 
light energy is delivered to the affected prostate tissue 30. 
The intensity, Wavelength and duration of the light are 
dependent upon many variables including the type and 
amount of photosensitive composition used. During this 
irradiation, it is possible to continuously monitor the posi 
tion of the distal end 24 of the light delivery means 22 such 
that there is little damage to the surrounding tissues. After 
irradiation, the pressuriZed ?uids 33 and 39 in the ?rst 
balloon 32 and second balloon 37, respectively, are removed 
and the catheter 20 and light delivery means 22 are removed 
from the urethra 14. 

[0044] Referring noW to FIG. 2, there is illustrated in 
simpli?ed form a sectional vieW of a patient’s prostate 
generally shoWing tissue 40, Which comprises prostate tissue 
needing the photodynamic therapy of the present invention. 
An alternative photodynamic therapy apparatus 42 generally 
comprises a needle 44 a light source 46, a light delivery 
means 48 having a transparent or translucent distal end 50 
and an opaque proximal end 52. It is contemplated that the 
distal end 50 can be made of a light diffusing material, such 
that the light radiates outWardly from the axis of the distal 
end 50 into the tissue 40. It is also contemplated that an 
opaque and/or re?ective material 56 can be coated onto the 
end of the light delivery means 48 to prevent light from 
penetrating beyond the desired tissue area. The needle 44 is 
inserted into the tissue 40 and causes an opening 53 in the 
tissue 40. The light delivery means 48 is coaxially inserted 
into the needle 44 to a predetermined point. The needle 44 
is removed (not shoWn) leaving the light delivery means 48 
in direct contact With the tissue 40 (not shoWn). The light 
source 46 is activated and light energy is delivered to an 
affected area 54 of tissue. The affected area 54 of the tissue 
40 receives the light (schematically indicated With arroWs) 
from the distal end 50 of the light delivery means 48. 
Thereafter, the light delivery means 48 is removed from the 
affected tissue 54 via the opening 53 in the tissue 40. 

[0045] The folloWing examples are intended to illustrate 
the present invention but not to limit its scope. 

EXAMPLES 1a And 1b 

[0046] Animals: Adult mongrel dogs Were used in all 
experiments. Dogs Were housed 1/cage and given Water and 
canine choW (Purina ChoW, Ralston Purina Corp.) ad libi 
tum. 

[0047] Photosensitive composition: The photosensitiZer, 
tin ethyl etiopurpurin Was used. The photosensitiZer Was 
administered in anesthetiZed (xylaZine/ketamine) dogs as an 
emulsion via antecubital vein 24 hours prior to light treat 
ment. 

[0048] Light source and delivery: An LTI 660 dye laser 
(PDT Systems, Santa Barbara, Calif.) pumped by a KTP/ 
YAG laser (Laserscope, San Jose, Calif.), Was used as a light 
source. Laser light Was delivered to the prostate via a 400 
micron optical ?ber ?tted With a 2.0 cm ?exible cylindrical 
diffuser tip (PDT Systems, Inc., Santa Barbara, Calif.). 
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EXAMPLE 1a 

[0049] Example 1a shoWs the uptake or accumulation of 
photosensitive compositions in non-tumorous prostatic tis 
sues. 

[0050] PhotosensitiZer extraction: The animals Were 
injected With 1.0 mg/kg of the photosensitiZer. TWenty-four 
hours later, prostate and other tissues Were removed from 
euthaniZed animals. Tissue samples Were removed from the 
periurethral prostate and the more peripheral regions. Addi 
tionally, the mucosa of the urethra Was dissected and its 
photosensitiZer content determined. Bladder mucosa and 
muscularis Were also removed. Tissue Was Weighed and 
homogeniZed With a biohomogeniZer (Biospec Products, 
Inc., Bartleville, Okla.) in 3% acetic acid. After homogeni 
Zation, a 3:1 ethyl acetate:glacial acetic acid mixture Was 
added and mixed vigorously. The sample Was then froZen at 
—20° C. for at least tWo hours after Which it Was thaWed and 
saturated sodium acetate added. The ethyl acetate layer, 
containing the photosensitiZer, Was removed and its concen 
tration determined using absorbance spectrophotometry 
(Response II spectrophotomer, Gilford, Oberlin, Ohio). 
[0051] Tissue Preparation: On removal, the prostates Were 
photographed and then ?xed in a 10% buffered formalin 
solution. After ?xation, tissue Was sectioned at Su intervals 
and stained With H & E. Sections of the urinary bladder Were 
removed and prepared in a similar manner. 

[0052] Tissue levels of photosensitiZer: PhotosensitiZer 
levels Were uniform throughout the prostate (1.3+/—0.6 ug/g) 
as seen in Table 1 beloW. The urethra and bladder mucosa 
contained less photosensitiZer than prostate (0.3+/—0.1 ug/g, 
0.2+/—0 ug/g). Tissue levels of photosensitiZer Was signi? 
cantly greater than plasma levels. 

TABLE 1 

Tissue Distribution of Photosensitizer 

Dog 1 Dog 2 Dog 3 Mean +/— SD 

Prostate 2.1 * 0.8 0.9 1.3 +/— 0.6 
Urethra 0.5 0.3 0.2 0.3 +/— 0.1 
Bladder 0.2 0.2 0.2 0.2 +/— 0 
Liver — 6.7 6.1 6.7 +/— 0.2 

Kidney — 2.5 2.9 2.7 +/— 0.2 
Spleen — 0.8 0.8 0.8 +/— 0 
Muscle — 0.3 0 2 0.3 +/— 0.1 

Plasma 0.1 * * 0 1 0.1 +/— 0 

(24-hr) 

* Photosensitizer concentration ug/g 
* * ug/ml 

[0053] The tin ethyl etiopurpurin is a hydrophobic sensi 
tiZer and it is preferred to administer such composition as an 
emulsion. Skin photosensitiZation is not a problem With this 
photosensitiZer. 

Example 1b 

[0054] Example 1b shoWs the photosensitive composi 
tions, Which When accumulated in the prostatic tissue, are 
activated and destroy prostatic tissue upon illumination. 

[0055] Prostate treatment: The animals Were injected With 
1.0 mg/kg of the photosensitiZer. TWenty-four hours after 
photosensitiZer administration the animals Were anesthe 
tiZed With intravenous sodium barbiturate. The animals Were 
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intubated and maintained on a respirator during light treat 
ment. They Were treated in the dorsolithotomy position. The 
2 cm. diffusing tip of the laser ?ber Was localized in the 
prostatic urethra under transrectal ultrasound guidance. A 
Bruel and Kreuger 7.0 megahertz ultrasound scanner With a 
transrectal probe Was used. The laser ?ber Was placed Within 
a transparent 10F Stamey catheter (TFX Medical, Duluth, 
Ga.) Which Was used as a laser ?ber carrier. The tip of the 
catheter Was positioned immediately outside the bladder 
neck. Once positioned, the prostate Was treated With 300 
(260 mW/cm2) joules of laser light. The animals Were then 
recovered and returned to their cages, IndWelling catheters 
Were not used after treatment. In tWo animals the prostate 
Was removed 48 hours after treatment While one had the 
prostate removed at 3 Weeks. 

[0056] Animal recovery: All animals Were able to void 
spontaneously. TWo of the animals developed gross hema 
turia. Both of these animals shoWed evidence of damage to 
the bladder mucosa. One of the animals With hematuria Was 
scheduled to survive three Weeks and Was placed on pro 
phylactic antibiotic (penicillin/streptomycin) therapy for 8 
days. 

[0057] Prostate effects: The prostates of the animals 
treated With the photosensitiZer and light shoWed evidence 
of a photodynamic effect. Prostates removed 48 hours fol 
loWing photodynamic therapy had a dark ring of hemorrhage 
surrounding the urethra. Histologic examination revealed 
extensive hemmorhagic necrosis Within this area as Well as 
loss of the urethral epithelium. Outside the area of hemor 
rhagic necrosis, there Was glandular atrophy extending in 
some areas to the capsule of the prostate. The prostate 
removed 3 Weeks folloWing treatment, shoWed glandular 
atrophy and replacement With ?brous tissue Within an area 
corresponding to the area of hemorrhagic necrosis seen in 
the prostate removed at 48 hours. Glandular atrophy Was 
present outside of this area extending in some areas to the 
capsule. The urethral mucosa had regenerated. 

[0058] In tWo of the animals there Were extensive changes 
in the bladder. Grossly the bladder mucosa appeared hem 
morhagic and edematous. Microscopically, there Was 
mucosal and submucosal hemmorhage. These changes to the 
bladder are believed to be due to movement or inaccurate 

placement of the light guide during treatment. 

EXAMPLE 2 

[0059] The R3327AT prostate tumor model Was used in 
male Copenhagen rats Which Were injected With 1.5 mg/kg 
body Wt. of SnET2 (tin ethyl etiopurpurin Emulsion, (0.94 
mg/ml) PDT Pharmaceuticals). Each rat had one ?ank tumor 
(R3327AT). After tWo Weeks, the tumors ranged from 1.0 to 
1.6 cm in length. TWenty four hours after TEP injection, the 
tumor area received photodynamic therapy With a light 
source of a KTP pumped 660 dye laser (PDT Systems). The 
KTP/660 dye laser Was tuned to 660 nm; poWer density: 200 
II1W/CII12; light dose: 0, 200, 300 and 400 Joules. Tumor 
temperatures Were monitored using a 23 gge. hypodermic 
probe (YSI) placed percutaneously beneath the treated 
tumor. If needed, the tumors Were cooled by a jet of cool air. 
Tumors Were measured and recorded three times per Week. 
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TABLE 2 

Light Dose Drug Dose # of Rats 
Group Joules (mg/kg) Per Group 

I O O 5 
II 0 1.5 5 
III 200 1.5 5 
IV 300 1.5 5 
V 400 1.5 5 
VI 400 O 5 

[0060] The linear regression of tumor groWth (represented 
as tumor volume) for each rat Was plotted. The number of 
days it took the treated tumors to reach their initial tumor 
volume at the time of treatment Was determined by the 
intercept With a horiZontal line draWn at the mean initial 
tumor volume for all groups. The mean number of days for 
each light/drug dose group to reach its initial tumor siZe is 
recorded in Table 3 beloW. 

TABLE 3 

# of Days of 
Group Growth Delay 

I 0 
II 0 
III 6.2 +/— 1.2 
IV 5.8 +/— 0.8 
V 11.4 +/— 3.7 
VI 0 

EXAMPLE 3 

[0061] The R3327AT prostate tumor model Was used in 
male Copenhagen rats Which Were injected With 1.5 mg/kg 
body Wt. of SnET2 (Tin Ethyl Etiopurpurin Emulsion, PDT 
Pharmaceuticals). Each rat had one ?ank tumor (R3327AT 
After tWo Weeks, the tumors ranged from 1.0 to 1.6 cm in 
length. TWenty four hours (+/—2 hrs.) after SnET2 injection 
the tumor area received photodynamic therapy using either 
a 659 YAG or 660 Dye laser ?ber optically coupled to a 
3-Way ?ber splitter. The poWer density Was 200 mW/cm2 and 
the light ?uence is shoWn in Table 4 beloW. 

TABLE 4 

Light Dose Drug Dose # of Rats 
Group Joules (mg/kg) Per Group 

I O O 5 
II 0 1.5 5 
III 200 1.5 5 
IV 300 1.5 5 
V 400 1.5 5 
VI 400 O 5 

[0062] The treatment and control groups Were as folloWs: 

[0063] Treatment Groups: 1 drug dose and 3 doses at 
this drug dose, (n=5 rats/group); 

[0064] Control Groups: No drug/no light and no drug/ 
light (400 J) 

[0065] Tumor temperatures Were monitored using a 23 
gge. hypodermic probe (YSI) placed percutaneously beneath 
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the treated tumor. If needed, the tumors Were cooled by a jet 
of cool air. Tumor diameters Were measured and recorded 
three times per Week. 

[0066] Tumor groWth Was monitored by calculating vol 
umes from the recorded measurements of tumor Width, 
height and length. The rate of groWth is presented as the 
number of days required for an individual tumor to reach 2, 
5 or 10 times initial volume. This method of analysis of 
tumor groWth accounts for variations due to differing initial 
tumor volume (Gibson and Hilf, Cancer Research, 1990). 
Both lasers Were effective in delaying tumor groWth from 
initial to 2 times initial volume as compared to controls, 
especially at the 400 Joule level. Only at the 200 Joule 
?uence level Was there any signi?cant difference betWeen 
the YAG and Dye lasers in producing tumor groWth delay. 
There is no consistent signi?cant difference betWeen the 660 
Dye and 659 YAG lasers When used as a light source for 
photodynamic therapy in the R3327AT prostate tumor bear 
ing rats sensitiZed With SnET2. 

[0067] It Will be appreciated by a person of ordinary skill 
in the art that While the present invention has been disclosed 
and described herein With respect to certain preferred 
embodiments and alternatives thereof, various changes in 
form and detail may be made therein Without departing from 
the scope and spirit thereof. 

1. A method for diagnosing or treating prostatic tissue in 
a human or animal patient comprising: (a) sensitiZing pro 
static tissue With an effective amount of a photosensitive 
composition Which is accumulates in the tissue and there 
after (b) exposing the sensitiZed prostate tissue to a source 
of light energy for a predetermined period of time and at a 
predetermined Wavelength, Whereby the photosensitive 
composition in the light-exposed prostatic tissue absorbs the 
light or undergoes a photochemical reaction. 

2. The method of claim 1, in Which the prostatic tissue is 
exposed to the light energy at a predetermined time after the 
photosensitive composition is administered to the patient. 

3. The method of claim 1, Which further includes treating 
the prostatic tissue With hyperthermic therapy. 

4. The method of claim 1, in Which a light delivery means 
having a transparent or translucent distal end is positioned 
adjacent or Within the patient’s sensitiZed prostatic tissue 
prior for delivery of the light energy to the prostate tissue. 

5. The method of claim 4, Wherein the source of light 
energy comprises a laser, LED device or lamp. 

6. The method of claim 5, Wherein the light energy is 
delivered to the patient’s prostate tissue by a light delivery 
means comprising an optical ?ber Which radially diffuses 
light. 

7. The method of claim 1, in Which the photosensitive 
composition is administered orally, topically, intravenously, 
subcutaneously, rectally, or by direct injection into the 
patient’s tissue. 

8. The method of claim 1, in Which the photosensitive 
composition is administered to the patient in an amount of 
about ODS-10.0 mg/kg of the patient’s Weight. 

9. The method of claim 1, in Which the patient’s bladder 
and sphincter muscles are protected from exposure to the 
light by placing an opaque and/or re?ective material at a 
point beyond the patient’s prostate. 

10. The method of claim 9, in Which the opaque and/or 
re?ective material comprises a portion of a balloon placed 
Within the patient’s urethra. 

Dec. 19, 2002 

11. An apparatus for diagnosing or treating prostatic tissue 
comprising: 

a catheter for insertion through a patient’s prostatic ure 
thral lumen, the catheter having a proximal end and a 
distal end; 

the catheter comprising at least one axially extending 
opening therethrough for receiving a light delivery 
means; 

the light delivery means having a transparent or translu 
cent distal end and an opaque and/or re?ective proxi 
mal end; 

the light delivery means being operatively connected to a 
source of light energy for delivering light to the distal 
end of the light delivery means. 

12. The apparatus of claim 11, Wherein a ?exible resilient 
balloon is operatively mounted on the distal end of the 
catheter for insertion of the balloon into the patient’s blad 
der. 

13. The apparatus of claim 12, Wherein a second ?exible, 
resilient balloon is coaxially mounted on the catheter adja 
cent the distal end of the catheter for receiving a transparent 
or translucent material. 

14. The apparatus of claim 11, Wherein the second balloon 
comprises a transparent or translucent material, the second 
balloon having an opaque and/or re?ective material on a 
distal end thereof. 

15. The apparatus of claim 11, Wherein an opaque and/or 
re?ective stop means is positioned adjacent the distal end of 
the catheter. 

16. A method for relieving the symptoms of a patient 
suffering With a prostatic disorder comprising: 

(a) administering to the patient an effective amount of a 
photosensitive composition at a point in time prior to 
irradiation of the prostatic tissue With the apparatus of 
claim 11; 

(b) inserting the catheter into the patient’s urethra; 

(c) inserting the light delivery means through the catheter; 

(d) determining the position of the light delivery means 
relative to the prostatic tissue and surrounding tissue of 
the patient to ensure that the distal end of the light 
delivery means is adjacent the prostate tissue; 

(e) irradiating the prostate tissue by delivering light 
energy through the distal end of the light delivery 
means to the prostatic tissue; the light energy being 
delivered for a predetermined time and at a predeter 
mined Wavelength suf?cient to effectively treat the 
prostatic tissue; and, 

(f) removing the catheter and the light delivery means 
from the urethra of the patient. 

17. The method of claim 16 Which further includes 
treating the prostatic tissue With hyperthermic therapy. 

18. The method of claim 16, Wherein a ?rst balloon is 
operatively connected to the distal end of the catheter, Which 
method further comprises delivering a suitable quantity of a 
?uid material into the ?rst balloon prior to insertion of the 
light delivery means into the catheter. 

19. The method of claim 16, Wherein a coaxially extend 
ing transparent or translucent second balloon is placed 
adjacent the distal end of the catheter for receiving a 
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transparent or translucent material; Which method further 
comprises delivering a suitable quantity of the transparent or 
translucent material into the second balloon prior to irradi 
ating the prostate tissue. 

20. The method of claim 16, Wherein the distal end of the 
catheter further comprises a stop means; Which method 
further comprises positioning the stop means adjacent the 
patient’s bladder and sphincter muscle to ensure placement 
of the catheter Within the urethra at a point spaced apart from 
the sphincter muscle and bladder of the patient. 

21. An apparatus for diagnosing or treating prostatic 
tissue comprising: 

a means for receiving a light delivery means; 

the light delivery means having a distal transparent or 
translucent end and a proximal opaque end; 

the light delivery means being connected to a source of 
light energy for delivering light to the distal end of the 
light delivery means. 

22. The apparatus of claim 21, Wherein the means for 
receiving the light delivery means comprises a needle. 

23. A method for relieving the symptoms of a patient 
suffering With prostatic disorders comprising: 

(a) administering to the patient an effective amount of a 
photosensitive composition at a point in time prior to 
irradiation of the prostate tissue With the apparatus of 
claim 22; 
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(b) inserting the needle into the patient’s prostatic tissue; 

(c) inserting the light delivery means through the needle; 

(d) determining the position of the light delivery means 
relative to the prostate and surrounding tissue of the 
patient to ensure that the distal end of the light delivery 
means is properly positioned adjacent the prostate 
tissue; 

(e) removing the needle from the prostatic tissue and 
leaving the light delivery means adjacent the prostatic 
tissue; 

(f) irradiating the prostatic tissue by delivering light 
energy through the distal end of the light delivery 
means to the prostatic tissue; the light energy being 
delivered for a predetermined time at a predetermined 
Wavelength suf?cient to effectively treat the prostatic 
tissue; and, 

(g) removing the light delivery means from the prostatic 
tissue of the patient. 

24. The method of claim 23 Which further includes 
treating the prostate tissue With hyperthermic therapy. 


