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Fig. 1

ment area. This approach overcomes the non-reliable delivery of light dose
with a flap that conforms to the target area. Dosimetry control can be im-
proved through the use of a computer controlled motor to move the laser
fibers at known speed over the target tissue. In some embodiments, treatment
time is reduced and illumination of large surfaces is achieved by using mul-
tiple fibers to deliver the light simultaneously.
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SYSTEM AND METHOD FOR ADMINISTERING LIGHT THERAPY TO CURVED
AND LARGE SURFACES

Cross-Reference to Related Applications

[0001] This application claims priority to U.S. Provisional Application No. 62/196,198,

filed on July 23, 2015, now pending, the disclosure of which is incorporated herein by reference.
Field of the Disclosure

[0002] The disclosure relates to administering light therapy to tissue.

Background of the Disclosure

[0003] Minimally-invasive light therapy comprises external beam illumination of the
target tissue using, for example, a laser. The laser beam size determines the delivered light
fluence or dose (J/cm?). The target tissue must be illuminated at a prescribed light fluence rate
and dose for an effective treatment. Typically, the light illumination is achieved by aiming the
laser beam towards the target surface (treatment area). This may be practical when the treatment
area is few centimeters in diameter (e.g., 0.5-3 cm) and its surface is relatively flat (as in non-
melanoma skin cancer, or early stage oral lesions). In treating curved and larger lesions, the
therapeutic illumination is accomplished by manually moving a laser beam over the treated area.
The treating physician uses a spot source to treat flat large surfaces, or a balloon (diffused light)
to treat large body cavities, such as the thoracic cavity. This technique of manually scanning
results in uncontrolled light dose deposition, which in turns may lead to over or under treatment.
Others have attempted to address this issue by using woven layers of optical fibers for dose
delivery, utilizing motion tracking devices to track the dose administered by a physician, or
robotic scans to administer the light dose. These solutions are expensive, cumbersome, and/or do

not adequately control the delivery of the light dose.
Brief Summary of the Disclosure

[0004] A system and method are disclosed that use a flexible guide (flap) and a scanning
method to control the delivery of light dose to a treatment area. This approach overcomes the
non-reliable delivery of light dose with a flap that conforms to the target area. Dosimetry control
can be improved through the use of a computer controlled motor to move the laser fibers at
known speed over the target tissue. In some embodiments, treatment time is reduced and
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illumination of large surfaces is achieved by using multiple fibers to deliver the light
simultaneously. In such embodiments, software can be used to synchronize fiber movements
through the flap. Control of the light delivery is improved by using detection fibers and/or

imaging, to monitor the light fluence rate and fluence distribution during treatment.
Description of the Drawings

[0005] For a fuller understanding of the nature and objects of the disclosure, reference
should be made to the following detailed description taken in conjunction with the

accompanying drawings, in which:

Figure 1 is a diagram of a system according to an embodiment of the present disclosure;

Figure 2A shows a guide and two treatment fibers disposed in a model of a chest cavity;

Figure 2B shows the guide of Figure 2A with light emitted from the treatment fibers;

Figure 3A shows light emitted from a treatment fiber and diffused through spheres of a
guide; and

Figure 3B depicts the intensity of light in Figure 3A;

Figure 4A shows light emitted from a flap that is fed with two 3 cm cylindrical diffusers
emitting 630 nm at 400 mW/cm;

Figure 4B depicts the intensity of light in Figure 4A;

Figure 5 depicts a test configuration wherein a flap is disposed between two layers of
phantom and a 96 well plate is disposed on a side of one of the phantom layers
opposite the side of the flap;

Figure 6 are graphs showing test results of the configuration of Figure 5;

Figure 7 is a graph showing the result of in vivo testing in the chest of an adult pig,
showing the achievement of relatively uniform light distribution;

Figure 8 shows a test detection area using 8 fibers in a 4x5 cm area;

Figure 9 shows the test configuration of Figure 8 in a flap, shown under test;

Figure 10 shows a comparison configuration using a balloon, shown under test;

Figure 11 shows the flap configuration of Figure 9 with gold foil;

Figure 12 shows the flap configuration of Figure 9 without gold foil;

Figure 13 is a table showing the results of flap and balloon in comparison tests; and

Figure 14 is a chart depicting a method according to an embodiment of the present

disclosure.
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Detailed Description of the Disclosure

[0006] The present disclosure uses a template (flap) to guide treatment fibers with
diffused working end (for emitting light) through channels that are at known distance from the

target tissue. This approach allows:

(1) Improved light dosimetry to the target tissue. Since the distance from the treated
surfaces 1s known and constant, the light dose can be adjusted by delivering more power
through the laser fibers, by changing the scanning speed of the fibers, and/or by using
multiple fibers.

(2) Light therapy delivered with multiple wavelengths.

(3) Incorporation of diagnosis.

(4) Use of thermal and non-thermal therapies, simultaneously or sequentially.

(5) Increased flexibility of the system compared to alternatives in the market or research.

[0007] In the present approach, a treatment fiber is either pulled or pushed through a
channel within the flap, which parallel to the target lesion. The light dose is directly proportional
to the rate of fiber movement, which can be controlled by a microprocessor. Well-defined light
delivery can be accomplished by, for example, using multiple fibers in several channels or by

moving one or more fibers from one channel to another.

[0008] Systems of the present disclosure advantageously allow: (1) Improved accuracy
and repeatability of the light delivery to curved and large surfaces (such as, for example, the
thoracic cavity); (2) improved control of light dose; (3) treatment of specific regions while
sparing others; (4) automation; (5) reduced treatment time; and (6) cost effective and simple

treament.

[0009] With reference to Figure 1, in one aspect, the present disclosure is embodied a
system 10 for light therapy of a tissue surface 90 (although reference is made herein to treatment
of a surface, it should be noted that such treatments may also penetrate to some depth of the
tissue beneath the surface). The system 10 comprises a guide 12 that articulates to conform to the
surface 90 being treated (the guide is sometimes referred to herein as a “flap™). The guide 12
includes one or more channels 14 having a length. The guide 12 is configured such that, when
the guide 12 is conformed to the surface 90, the channels 14 are substantially a same distance

from the surface 90 over the length of the channel 14.

3
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[0010] In the exemplary embodiment depicted in Figure 1, the guide 12 is made up of a
plurality of spheres 20 arranged in a two-dimensional matrix. Each sphere 20 has a passage 22
disposed therethrough. The plurality of spheres 20 are disposed in one or more rows such that the
passages 22 of each sphere 20 of a row are aligned to form a channel 14. When such a matrix is
used, the guide 12 conforms to the surface such that all or substantially all (e.g., more than 80%,
90%, etc.) of the spheres 20 are in contact with the tissue. In this way, in an embodiment where
the spheres 20 are 1 cm in diameter, the center of the channel 14 will be 0.5 cm from the tissue

along the length of the channel 14.

[0011] The spheres 20 may be transparent or translucent. The spheres 20 may be made
from, for example, silicone rubber, plastic, or other materials. In some embodiments, the spheres
20 may have some treatment—such as, for example, a surface treatment, embedded material,
etc.—configured to diffuse light. In this way, light from a small light source within the channel,
will be diffused to some extent. Such diffusion can be advantageous in delivering light therapy.
Figures 3A and 3B show light diffusion from a fiber located in the channel of an exemplary
sphere-based guide. It can be seen that the light emanating from a small source has been diffused
by the spheres. In some embodiments, the system 10 may comprise a diffusing sheet configured
to diffuse the light from the guide 12. Such a diffusing sheet may be disposed between the

guide 12 and the tissue surface 90 to further diffuse the light. In some embodiments, a diffusing
sheet is placed on the opposite side of the guide 12 as the tissue. In this way, light can be
reflected back to the tissue. In other embodiments, one or more sheets may be placed such that
tissue regions are protected from exposure to light. In such embodiments, a sheet can be used in
the form of a mask. Various combinations of sheets can be used. Sheet material can be selected

based on the desired function (e.g., light blocking, light diffusing, light reflecting, etc.)

[0012] The system 10 further comprises a treatment fiber 30 having a working end 32 for
emitting light. The working fiber 30 is, for example, a light-transmitting fiber with a ball end
where light is emitted at the working end 32. The treatment fiber 30 is configured to be disposed
in the channel 14. For example, the channel 14 may have a diameter of 0.5 mm, and the
treatment fiber 30 may have a diameter of 0.98 mm over at least a length of the treatment

fiber 30 which is configured to be disposed in the channel 14. In some embodiments, more than
one treatment fiber 30 is used. For example, 2, 3, 4, or more treatment fibers 30 may be used
simultaneously, each treatment fiber 30 being disposed in another of the channels 14 of guide 12.

Figures 2A show an exemplary mat placed in a model rib cage of a human and having two
4
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treatment fibers disposed within two of the channels. In figure 2B, the working ends of the fiber

are shown emitting light.

[0013] A therapeutic light source 40 is in light-transmitting communication with the
working end 32 of the treatment fiber 30. Where more than one fiber 30 is used, each fiber 30
may be connected to a separate source 40 or two or more of the fibers 30 may be connected with
a single source 40. The source 40 may be, for example, a laser. In other embodiments, the
source 40 is a broadband light source which may be unfiltered or filtered to transmit one or more
wavelengths of light. It should be noted that a reference to one wavelength of light should be
interpreted in view of known practical limits of light transmission, and should be interpreted to

mean a narrow band of wavelengths surrounding the single wavelength.

[0014] Through the use of a guide 12 with channels 14, the working end 32 of the
treatment fiber 30 may be moved back and forth within the channel 14 during therapy. In this
way, the surface 90 beneath and around a channel 14 will be exposed to light emanating from the
working end 32 within that channel 14, and light can be more uniform because movement of the
fiber 30 is constrained to a single degree of freedom—i.e., back and forth within the channel 14.
The doseage is provided according to the speed of movement of the working end 32 (i.e., the

time of exposure of a particular portion of the surface) and the intensity of the light.

[0015] In some embodiments, the light source 40 is controlled by a microcontroller such
that the intensity can be varied. The light may be varied in accordance with the location of the
working end 32 within the channel 14. In some embodiments, the light is varied according to
doseage measured by sensors on the surface. The microcontroller may be programmed to vary

the light for any other reasons that will be apparent in light of the present disclosure.

[0016] In some embodiments, the system 10 further comprises an armature or other
mover for moving the working end 32 within the channel 14. In this way, the fiber 30 may be
moved by the mover and not be manual operation by a physician or other user. The mover may
also be controlled by a microcontroller (which may be the same microcontroller as described
above or a different microcontroller). The mover may alter the speed at which the fibers are
moved and/or the total duration of treatment time to accomplish the desired therapeutic light
dose. In this way, the system 10 may be automated such that once placed into position, control

by a physician is not necessary for its continued operation.
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[0017] In some embodiments, measurement of the dosage is achieved using a
measurement fiber (dosimetry fiber) which can be disposed in the same channel 14 as the
treatment fiber 30 or a different channel 14. More than one dosimetry fiber can be used and the
dosimetry fibers can be moved or can be motionless within the channels. Information measured
through the use of such fibers can be provided as feedback to the microcontroller such that the
light intensity, motion of the treatment fibers 30, and/or treatment time can be altered

accordingly.

[0018] In another aspect of the present disclosure (for example, shown in Figure 14), a
method 100 for light therapy of a tissue is provided. The method 100 comprises placing 103 an
articulating guide onto the surface such that the guide conforms to the surface. The guide may be
configured as in any of the embodiments described above. In some embodiments, the method
100 includes securing 121 the guide onto the surface. For example, the guide may be sutured to

the tissue.

[0019] A treatment fiber is inserted 106 into a channel of the guide until a working end
of the treatment fiber reaches a first location of the channel. The method 100 comprises causing
109 light to be emitted from the working end of the fiber. For example, a light source connected
to the fiber may be energized such that light is transmitted through the fiber (through the axial
length of the fiber) and emitted from the working end. The fiber is moved 112 such that the

working end of the fiber reaches a second location within the channel.

[0020] In some embodiments, more than one treatment fibers are inserted 106 into
channels of the guide. For example, two treatment fibers may be inserted 106, each fiber being
inserted into a separate channel of the guide. Each of the treatment fibers may be moved 112
together with the other treatment fibers (i.e., coordinated) or one or more of the fibers may be

moved 112 independently of the other fiber(s).

[0021] The inserted 106 fiber may be moved back and forth within the channel from the
first location to the second location (and or other locations) until a sufficient light dose has been
received by the surface. As such, the method 100 may comprise measuring 115 a light dose of a
location of the tissue surface. Such measurement may be made by, for example, sensors on the
surface, a dosimetry fiber inserted 118 into a channel of the guide, or in other ways known for

making such dosimetry measurements.



10

15

20

25

WO 2017/015676 PCT/US2016/043957

[0022] The fiber may be moved until a desired dosage (e.g., a predetermined dosage) is
reached for the tissue at each of one or more locations of the surface. The fiber may then be

removed and/or the light emission is ceased.
EXEMPLARY EMBODIMENTS

[0023] In a test configuration shown in Figure 5, Lewis Lung Carcinoma (LLC) cells
were seeded into 96-well culture dishes. When cells reached approximately 95% confluence
Photofrin was added at 0, 1, 2, 3, 10, and 30 pg/mL. Cells were incubated at 37 °C in the dark
for ~24 hours. Media was removed and fresh media added. Immediately after the dishes were
positioned over the center of the PDT surface applicator with a layer of ballistic gel tissue
phantom between the flap and the culture dish. Two 3 cm long diffusing fibers were placed 6 cm
apart in the flap. LLC cells were exposed topo 1.5 J/cm? 630 nm light from a laser diode. PDT

effect was determined 24 hours later using an MTT assay. Results are shown in Figure 6.

[0024] Tests comparing the presently-disclosed flap device with a balloon device were
performed using air, water, or 0.01% intralipid media. The tests incorporated a 4x5 cm detection
area, IP-85 probes between 2 gel layers, and 400 mW of light at a wavelength 652 nm. Figure 8
shows 8 fibers used in the 4x5 c¢cm area with 3 fibers along two edges and 2 fibers in the middle.
A 10x10 cm flap was used with 1-4 cylindrical fibers (see Figure 9). The flap was tested with
gold foil (Figure 11) and without (Figure 12). In comparison, a 3 cm balloon was used with a
single cylindrical fiber delivering a total of 400 mW (Figure 10). The scans were performed at 1
mm/s, with 0.05 mm steps, at 0.3 cm from the phantom surface. Data was acquired over 50

seconds. Results for both configurations are shown in Figure 13.

[0025] Although the present disclosure has been described with respect to one or more
particular embodiments, it will be understood that other embodiments of the present disclosure
may be made without departing from the spirit and scope of the present disclosure. Hence, the
present disclosure is deemed limited only by the appended claims and the reasonable

interpretation thereof.
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We claim:

1. A method for light therapy of a tissue surface, comprising:
placing an articulating guide onto the surface such that the guide conforms to the surface;
inserting a treatment fiber into a channel of the guide until a working end of the treatment
fiber reaches a first location of the channel;
causing light to emit from the working end of the treatment fiber; and
moving the treatment fiber in the channel until the working end of the treatment fiber reaches

a second location.

2. The method of claim 1, wherein more than one treatment fiber is inserted, each treatment fiber

being inserted into a corresponding channel of the guide.

3. The method of claim 2, wherein each treatment fiber is moved together with the other

treatment fibers.

4. The method of claim 2, wherein at least one of the treatment fibers is moved independently of

the another treatment fiber.

5. The method of claim 1, wherein the treatment fiber is alternately moved between the second

position and the first position until a sufficient light dose has been received by the surface.
6. The method of claim 1, further comprising measuring a light dose of a location of the surface.

7. The method of claim 6, further comprising inserting a dosimetry fiber into the channel of the

guide.
8. The method of claim 1, further comprising securing the guide onto the surface.
9. The method of claim 8, wherein the guide is secured to the surface by way of suturing.

10. The method of claim 1, wherein the treatment fiber is moved at a speed corresponding to a

desired light dosage rate.
11. The method of claim 1, further comprising varying the intensity of light.

12. The method of claim 1, wherein the emitted light comprises more than one wavelength.
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13. A system for light therapy of a tissue surface, comprising:
an articulating guide having a channel having a length, the guide configured to conform to
the surface such that the channel is substantially a same distance from the surface over
the length of the channel;
a treatment fiber having a working end for emitting light, the treatment fiber configured to be
at least partially disposed in the channel; and
a light source in light-transmitting communication with the working end of the treatment

fiber.

14. The system of claim 13, wherein the guide comprises a matrix of spheres having a passage
therethrough, the spheres disposed in rows, wherein the passages of each sphere of a row are

aligned to form a channel.

15. The system of claim 14, wherein the spheres are translucent.

16. The system of claim 15, wherein the spheres are made from silicone rubber.
17. The system of claim 14, wherein the spheres are 1 cm in diameter.

18. The system of claim 14, wherein the passages of each sphere are pass through a diameter of

the sphere.

19. The system of claim 13, further comprising a sheet disposed between the guide and the

surface.

20. The system of claim 13, wherein a sheet is disposed on a side of the guide opposite the tissue

surface.

21. The system of claim 13, further comprising a microprocessor in operable communication

with the light source and configured to control the intensity of the light source.

22. The system of claim 13, further comprising an armature configured to move the treatment

fiber within the channel.
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Flap Configuration

1 diffuser in middle

2 diffusers in middle

4 diffusers

1 diff. in middle & Gold Foil
2 diff. in middle & Gold Foil
4 diffusers & Gold Foil

AIR

mW/cm?2

6.10
5.74
5.46
8.29
9.17
9.30

4.52
4.19
3.87
6.32
6.38
6.73

Balloon Configuration

3 mm above surface

AIR

mW/cm?2

3.14

Fig. 13
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WATER 0.01% Lip.
mW/cm?2 mW/cm?2
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6.46
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7.16

WATER  0.01% Lip.
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PLACING AN ARTICULATING GUIDE
ONTO A SURFACE SUCH THAT THE
GUIDE CONFORMS TO THE
SURFACE.

/

121

106

INSERTING A TREATMENT FIBER

INTO A CHANNEL OF THE GUIDE

SUCH THAT A WORKING END OF
THE FIBER REACHES A FIRST
LOCATION OF THE CHANNEL.

109

CAUSING LIGHT TO BE EMITTED
FROM A WORKING END OF THE
TREATMENT FIBER.

112

MOVING THE TREATMENT FIBER
SUCH THAT THE WORKING END
OF THE FIBER REACHES A
SECOND LOCATION WITHIN THE
CHANNEL.

115

MEASURING A LIGHT DOSE OF A
LOCATION OF THE TISSUE
SURFACE.

SECURING THE GUIDE TO THE
SURFACE.

118

MEASURING A LIGHT DOSE USING
A DOSIMETRY FIBER

Fig. 14
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