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DUAL PANEL PHOTODYNAMIC THERAPY
LAMP

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to European
Patent Application No. EP 12182486.6, filed in the European
Patent Office on Aug. 30, 2012, which is expressly incorpo-
rated herein in its entirety by reference thereto.

FIELD OF THE INVENTION

[0002] The present invention relates to a dual panel photo-
dynamic therapy lamp, and a method of using the dual panel
photodynamic therapy lamp.

BACKGROUND

[0003] Photodynamic therapy (PDT) is a developing
therapy used for treatment of various cancers and also for
non-malignant diseases including infections, wound-healing
and various dermatological diseases. Photodynamic therapy
is also used for cosmetic treatment of the skin. PDT involves
the administration of a photosensitizer or a precursor thereof
to an area of interest. The photosensitizer or precursor thereof
is taken up into the cells, where a precursor of a photosensi-
tizer is converted into a photosensitizer. Upon exposure of the
area of interest to light, the photosensitizer is excited, usually
from a ground singlet state to an excited singlet state. It then
undergoes intersystem crossing to a longer-lived excited trip-
let state. One of the few chemical species present in tissue
with a ground triplet state is molecular oxygen. When the
photosensitizer and an oxygen molecule are in proximity, an
energy transfer can take place that allows the photosensitizer
to relax to its ground singlet state, and create an excited
singlet state oxygen molecule. Singlet oxygen is a very
aggressive chemical species and will very rapidly react with
any nearby biomolecules. Ultimately, these destructive reac-
tions will kill cells through apoptosis or necrosis, whereby for
instance cancer cells are selectively killed. The mechanisms
are still not fully understood, but studies suggest that the
clinical result (i.e. the selectivity for cancerous cells) is not
due to selective uptake by cancerous cells. Rather, there are
similar levels of uptake in all cell types, but the processes of
conversion and elimination are different in malignant cells
and generally in metabolically active cells, such as inflamed
or infected cells, leading to a concentration gradient between
cancerous and normal tissue. Clinical experience has shown
that PDT has advantages over alternative therapies for treat-
ment of several pathological conditions; including acne,
actinic keratosis and various skin cancers. A variation of PDT
is PDT which is carried out without a photosensitizer or a
precursor thereof, i.e. with light alone (also called photo-
therapy or light therapy).

[0004] U.S. Patent Application Publication No. 2011/
0212146, which is incorporated herein in its entirety by ref-
erence hereto, describes the use of certain precursors of pho-
tosensitizers, i.e., derivatives of 5-aminolevulinic acid
(5-ALA), such as for example, 5-ALA esters and salts
thereof, in a method of cosmetic treatment of photoaged skin.
[0005] U.S. Patent Application Publication No. 2008/
0188558, which is incorporated herein in its entirety by ref-
erence hereto, describes the use of certain precursors of pho-
tosensitizers, i.e., derivatives of 5-aminolevulinic acid
(5-ALA), such as for example, 5-ALA esters and pharmaceu-
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tically acceptable salts thereof, in a method for photodynamic
treatment of acne, e.g. acne vulgaris.

[0006] U.S. Patent Application Publication No. 2010/
0137439, which is incorporated herein in its entirety by ref-
erence hereto, describes PDT, and in particular to the use of
S-aminolevulinic acid (5-ALA) and derivatives of 5-ALA in
PDT, in which the side-effects (e.g. pain and/or erythema) of
PDT, e.g. of PDT of acne, are prevented or reduced.

[0007] Acne is one of the most common human skin dis-
eases, characterized by areas of skin with seborrhea (scaly red
skin), comedones (blackheads and whiteheads), papules (pin-
heads), pustules (pimples), nodules (large papules) and pos-
sibly scarring. Acne affects mostly skin with the densest
population of sebaceous follicles; these areas include the
face, the upper part of the chest, and the back.

[0008] One element in safe and efficient PDT, e.g. photo-
dynamic treatment of acne, is the light source, which may
include lasers, conventional lamps, or lamps based on light
emitting diodes (LEDs).

[0009] There are a number of advantages in using LEDs
instead of conventional lamps or lasers for PDT. For example,
an array of LEDs can be formed to cover a large area. In
addition, their high efficiency ensures that less heat dissipa-
tion is necessary. Furthermore, LEDs have long term stability
and so it is easier to design lamps which are suitable for tens
of thousands of hours of operation.

[0010] U.S. Patent Application Publication No. 2004/
0260365, which is incorporated herein in its entirety by ref-
erence hereto, describes a single panel photodynamic therapy
lamp comprising a two-dimensional array of LEDs.

[0011] U.S. Patent Application Publication No. 2002/
0029071 describes an arrangement of 4 panels of LED arrays
comprising one panel for directing light to the scalp and 3
panels which are moveably connected to direct light onto the
front of the face, the right side of the face and the left side of
the face, respectively. Such a 4 panel LED lamp may be used
for the treatment of the face and/or scalp, however, the
arrangement of 4 panels makes the lamp fairly complex. A 4
panel LED lamp will also have a considerable weight, i.e.
requiring suitable support arms and trolleys for moving the
lamp. Due to its footprint, it will take up space in hospitals or
private practice.

[0012] The photodynamic therapy lamps described in U.S.
Patent Application Publication No. 2004/0260365 provide a
limited treatment area. For example, when used for the pho-
todynamic treatment of acne of a patient’s face, as described
in U.S. Patent Application Publication No. 2008/0188558,
the lamp is not suitable to homogeneously illuminate the face
in one illumination session and requires an operator to illu-
minate each side of the face individually. Likewise, when
treating acne of a patient’s chest or back, only a part of said
chest or back can be treated in one illumination session. As a
consequence, the side of the face or the part of the back or
chest that is not presently undergoing treatment must be cov-
ered by appropriate means to prevent stray, unwanted illumi-
nation from impinging on such side or part. Therefore, the
photodynamic therapy lamp requires a relatively long treat-
ment time, additional operator functions, and additional
materials in order to treat both sides of a patient’s face or the
entire chest or back. Moreover, the lamp must be precisely
positioned independently for each side of the patient’s face or
each part of the patient’s back or chest in order to ensure
homogeneous illumination, thereby placing additional bur-
dens on the operator to correctly perform the photodynamic
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treatment. Thus, in order to ensure correct treatment, the
received light dose per side or part of the patient may need to
be measured and evaluated, and subsequently, re-treatment of
particular areas that did not receive the required light dose
may be necessary, thereby further complicating and extend-
ing the treatment.

[0013] In order to treat a face of a patient suffering from
acne, it is not sufficient to simply enlarge the lamps described
in U.S. Patent Application Publication No. 2004/0260365
since although an enlarged lamp is able to illuminate the
whole face in one illumination session, such an illumination
is not homogeneous and thus it is not ensured that the correct
light dose is administered to each part of the face.

SUMMARY

[0014] According to an exemplary embodiment of the
present invention, a photodynamic therapy lamp comprises
two lamp modules each lamp module comprising a two-
dimensional array of LEDs and each of the lamp modules are
configured to be movable between a first position in which an
angle between the lamp modules is from 157 degrees to 180
degrees, and a second position in which the angle between the
lamp modules is from 50 degrees to 70 degrees.

[0015] According to an exemplary variant of the present
invention, the angle in the first position is preferably from 163
to 172 degrees, more preferably the angle in the first position
is from 166.5 to 170.5 degrees, and most preferably the angle
in the first position is 168.5 degrees. A gap between the lamp
modules in the first position exists. Said gap in said first
position is preferably approximately 16 mm.

[0016] According to an exemplary variant of the present
invention, the angle in the second position is preferably from
55 to 65 degrees, more preferably the angle in the second
position is from 58 to 62 degrees, and most preferably the
angle in the second position is 60 degrees. A gap between the
lamp modules in the second position exists. Said gap in said
second position is preferably approximately 136 mm.
[0017] According to an exemplary variant of the present
invention, the LEDs are collimated LEDs. The term “colli-
mated” in the context of the invention means that the rays of
light from each LED have reduced divergence without being
perfectly parallel such that there is some overlap of rays from
one LED with neighboring LEDs. The collimated LEDs
include optical mirrors or lenses, preferably lenses. In a pre-
ferred embodiment a single lens is provided for each LED.
[0018] According to an exemplary variant of the present
invention, the lamp modules are identical.

[0019] According to an exemplary variant of the present
invention, the lamp modules are substantially flat.

[0020] According to an exemplary variant of the present
invention, the lamp modules include locking elements con-
figured to lock the lamp modules in the first and second
positions.

[0021] According to an exemplary variant of the present
invention, the lamp modules include visual markings config-
ured to indicate the first and second positions.

[0022] According to an exemplary variant of the present
invention, each lamp module comprises a housing, within the
housing there is provided the two-dimensional array of LEDs.
[0023] According to an exemplary variant of the present
invention, each lamp module comprises a housing having an
optical window which, when the photodynamic therapy lamp
is in use, faces the treatment surface of a patient.
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[0024] According to an exemplary variant of the present
invention, when the photodynamic therapy lamp is in use, a
distance between the lamp modules and a treatment surface of
a patient is between about 5 cm to about 8 cm.

[0025] According to an exemplary variant of the present
invention, the optical window and thus the surface of each
lamp module comprising said optical window is substantially
flat.

[0026] According to an exemplary variant of the present
invention, each lamp module further comprises a substrate on
which the array of LEDs is mounted and a heat sink. In a
preferred embodiment, the substrate is the heat sink.

[0027] According to an exemplary variant of the present
invention, each lamp module comprises a housing having an
optical window, within the housing there is provided the
two-dimensional array of LEDs, a substrate on which the
array of LEDs is mounted, a heat sink, a cooling unit config-
ured to cool the array of LEDs and at least one driver module.
In a preferred embodiment, the substrate is the heat sink.
[0028] According to an exemplary variant of the present
invention, the cooling unit includes at least one fan, prefer-
ably a fan configured to provide forced-air cooling of the
array of LEDs.

[0029] According to an exemplary variant of the present
invention each array of LEDs includes an identical number of
LEDs. Each LED array preferably contains 144 LEDs or
more, more preferably 192 LEDs or more, even more prefer-
ably from 240 to 320 LEDs and most preferably 256 LED:s.
[0030] According to an exemplary variant of the present
invention each array of LEDs is rectangular.

[0031] According to an exemplary variant of the present
invention the array of LEDs is formed of individual LED
array elements that are arranged in a regular pattern, prefer-
ably in a honeycomb pattern (i.e. hexagonal array) as
described in U.S. Patent Application Publication No. 2004/
0260365.

[0032] According to an exemplary variant of the present
invention each LED emits red light, preferably red light at a
nominal wavelength of approximately 632 nm+5 nm, and
more preferably a nominal wavelength of 636 nm. According
to another exemplary variant of the present invention each
LED emits blue light, preferably blue light at a nominal
wavelength of approximately 417+5 nm. According to
another exemplary variant of the present invention each array
of LEDs consists of a subset of LEDs that emits red light and
another subset of LEDs that emits blue light. Preferably, each
subset contains the same number of LEDs.

[0033] According to an exemplary variant of the present
invention an irradiance (fluence rate) of the array of LEDs is
from 30 to 150 mW/cm?, preferably from 40 to 100 mW/cm?>
and most preferably from 46 mW/cm? to 68 mW/cm?, e.g. 46
mW/cm? and 68 mW/cm?>.

[0034] According to an exemplary variant of the present
invention a light dose of the array of LEDs is from about 1 to
99 J/cm?, more preferably from 5 to 80 J/cm? and most pref-
erably from 10 to 70 J/cm?.

[0035] According to an exemplary variant of the present
invention, the lamp further comprises a base, preferably a
moveable base and a support arm movably connecting the two
lamp modules with the base.

[0036] According to an exemplary variant of the present
invention, the base includes a power source, control electron-
ics, and a patient cooling unit. The patient cooling unit
includes a fan and an outlet operable by the patient.
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[0037] According to an exemplary variant of the present
invention, the lamp further comprises a user interface having
at least one input device and at least one output device.

[0038] According to an exemplary embodiment of the
present invention, a method of using a photodynamic therapy
lamp comprising two lamp modules each lamp module com-
prising a two-dimensional array of LEDs and each of the lamp
modules are configured to be movable between a first position
in which an angle between the lamp modules is from 157
degrees to 180 degrees, and a second position in which the
angle between the lamp modules is from 50 degrees to 70
degrees.

[0039] According to an exemplary variant of the present
invention, the method further comprises positioning the lamp
modules in the first or second position, preferably locking the
lamp modules in said first or second position by means of
locking elements.

[0040] According to an exemplary variant of the present
invention, the method further comprises prior to positioning
the lamp modules in the first or second position, administer-
ing a composition comprising a photosensitizer or a precursor
of a photosensitizer to a treatment area on a patient and
optionally waiting for a period (incubation time).

[0041] According to an exemplary variant of the present
invention, the method further comprises aligning the lamp
modules to atreatment area on a patient for optimal treatment,
preferably by illuminating the treatment area with a subset of
the LEDs from the array of LED to determine the correct
positioning of the lamp modules in relation to the treatment
area. The aligning of the lamp modules in the first position
includes positioning the lamp modules a predetermined dis-
tance from the treatment area. The predetermined distance is
preferably from about 5 cm to about 8 cm.

[0042] According to an exemplary variant of the present
invention, the method further comprises inputting parameters
of a photodynamic treatment via a user interface, and per-
forming the treatment based on the inputted parameters.

[0043] According to an exemplary variant of the present
invention, the performing the treatment includes emitting
light from the array of LEDs of one or both lamp modules.

[0044] According to an exemplary variant of the present
invention, the method further comprises cooling the patient
by a patient cooling unit including a fan and an outlet operable
by the patient.

[0045] According to an exemplary embodiment of the
present invention, a method of using a photodynamic therapy
lamp comprising two lamp modules each lamp module com-
prising a two-dimensional array of LEDs and each of the lamp
modules are configured to be movable between a first position
in which an angle between the lamp modules is from 157
degrees to 180 degrees, and a second position in which the
angle between the lamp modules is from 50 degrees to 70
degrees, in which the lamp is configured to be used with a
composition comprising a photosensitizer or a precursor of a
photosensitizer, preferably with a composition comprising a
precursor of a photosensitizer. In a preferred embodiment, the
precursor of a photosensitizer is 5-ALA or a pharmaceuti-
cally acceptable salt thereof or a derivative of 5-ALA or a
pharmaceutically acceptable salt thereof. In a more preferred
embodiment, the precursor of a photosensitizer is a derivative
of'5-ALA or a pharmaceutically acceptable salt thereof, more
preferably a 5-ALA ester or a pharmaceutically acceptable
salt thereof.
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[0046] According to an exemplary embodiment of the
present invention, a method of using a photodynamic therapy
lamp comprising two lamp modules each lamp module com-
prising a two-dimensional array of LEDs and each of the lamp
modules are configured to be movable between a first position
in which an angle between the lamp modules is from 157
degrees to 180 degrees, and a second position in which the
angle between the lamp modules is from 50 degrees to 70
degrees, said method comprising (i) applying a composition
comprising a photosensitizer or a precursor of a photosensi-
tizer to a treatment area on a patient, (ii) optionally waiting for
aperiod (incubation time), (iii) positioning the lamp modules
in one of the first and second positions such that the array of
LEDs face the treatment area and (iv) performing the photo-
dynamic treatment.

[0047] According to an exemplary embodiment of the
present invention, a method of using a photodynamic therapy
lamp comprising two lamp modules each lamp module com-
prising a two-dimensional array of LEDs and each of the lamp
modules are configured to be movable between a first position
in which an angle between the lamp modules is from 157
degrees to 180 degrees, and a second position in which the
angle between the lamp modules is from 50 degrees to 70
degrees, said method comprising (i) positioning the lamp
modules in one of the first and second positions such that the
array of LEDs face the treatment area and (ii) performing the
photodynamic treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1 illustrates an exemplary embodiment of a
photodynamic therapy lamp according to the present inven-
tion.

[0049] FIG. 2A illustrates the lamp modules of the photo-
dynamic therapy lamp illustrated in FIG. 1 in the first posi-
tion.

[0050] FIG. 2B schematically illustrates the lamp modules
of FIG. 2A being positioned over a lying patient’s chest or in
front of a sitting patient’s chest for photodynamic treatment
of said patient’s chest.

[0051] FIG. 2C schematically illustrates the lamp modules
of FIG. 2A being positioned over a lying patient’s back or
behind a sitting patient’s back for photodynamic treatment of
said patient’s back.

[0052] FIG. 3A illustrates the lamp modules of the photo-
dynamic therapy lamp illustrated in FIG. 1 in the second
position.

[0053] FIG. 3B schematically illustrates the lamp modules
of FIG. 3A being positioned over a lying patient’s face or in
front of a sitting patient’s face for photodynamic treatment of
said patient’s face.

[0054] FIG. 4A illustrates the front of a single lamp module
of the photodynamic therapy lamp illustrated in FIG. 1
[0055] FIG. 4B illustrates the array of LEDs and array of
lenses in a part of the lamp module of FIG. 4A.

[0056] FIG. 4C illustrates the array of lenses in the lamp
module of FIG. 4A.

[0057] FIG. 4D illustrates the rear enclosure and further
components of the lamp module of FIG. 4A.

[0058] FIG. 5 illustrates locking elements of the lamp mod-
ules of the photodynamic therapy lamp illustrated in FIG. 1.
[0059] FIGS. 6A and 6B show the results of a 3D illumi-
nation modeling of a human’s face illuminated with an Akti-
lite® 128 lamp, a photodynamic therapy lamp described in
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U.S. Patent Application Publication No. 2004/0260365, i.e. a
photodynamic therapy lamp which is not one according to the
invention.

[0060] FIGS. 7A and 7B show the results of a 3D illumi-
nation modeling of a human’s face illuminated with a photo-
dynamic therapy lamp described in U.S. Patent Application
Publication No. 2004/0260365, i.e. a photodynamic therapy
lamp which is not one according to the invention.

[0061] FIGS. 8A and 8B show the results of a 3D illumi-
nation modeling of a human’s face illuminated with a photo-
dynamic therapy lamp according to the invention wherein the
lamp modules are positioned in the second position.

[0062] FIG. 9A shows the results of a 3D illumination
modeling of a human’s face illuminated by a two rows from
each array of LEDs of a photodynamic therapy lamp accord-
ing to the invention with the lamp modules in the second
position, wherein the lamp is optimally positioned in relation
to the human’s face.

[0063] FIGS. 9B, 9C and 9D show the results of a 3D
illumination modeling of a human’s face illuminated by a two
rows from each array of LEDs of a photodynamic therapy
lamp according to the invention with the lamp modules in the
second position, wherein the lamp is not optimally positioned
in relation to the human’s face.

[0064] FIG. 10 schematically illustrates a method of using
the photodynamic therapy lamp according to the invention in
a photodynamic treatment.

DETAILED DESCRIPTION

[0065] According to the present invention, a photodynamic
therapy lamp having two lamp modules (hereinafter lamp
modules or modules) in a housing is provided, in which the
modules are connected via a hinge. In a planar orientation, i.e.
a first position, the two LED lamp modules may be oriented
substantially parallel with each other in substantially the
same plane such that the modules evenly illuminate a rela-
tively flat surface. That is, in the planar orientation, i.e. the
first position, the angle between the two lamp modules is from
157 degrees to 180 degrees, more preferably from 163
degrees to 172 degrees, even more preferably from 166.5
degrees to 170.5 degrees, and most preferably 168.5 degrees.
In an exemplary embodiment of the present invention, a gap
may be present between the two modules in the first position
due to the modules being provided in a housing. Thus, in order
to homogeneously illuminate a treatment area in a substan-
tially planar orientation, the two lamp modules may be
slightly angled toward each other. In an alternative exemplary
embodiment in which there is no gap between the two lamp
modules in a planar orientation, no angling of the two lamp
modules toward each other may be necessary to homoge-
neously illuminate a treatment area. Hence, in such alterna-
tive exemplary embodiment the angle between the two lamp
modules in a first position may be 180 degrees.

[0066] In an alternative angled orientation, i.e. a second
position, each of the lamp modules may be rotated towards
the other lamp module such that each module illuminates in a
direction at least partially facing the other lamp module. That
is, in the angled orientation, i.e. the second position, the angle
between the two lamp modules is from 50 degrees to 70
degrees, preferably from 55 degrees to 65 degrees, more
preferably from 58 degrees to 62 degrees, and most preferably
60 degrees.

[0067] In the planar orientation, i.e. first position, of the
lamp modules, the lamp according to the present invention
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may be used to treat relatively flat surfaces of a patient, e.g.,
apatient’s chest or back. In the angled orientation, i.e. second
position, of the lamp modules the lamp according to the
present invention may be used to treat contoured surfaces of
a human, e.g., a patient’s face.

[0068] Due to the provision of two lamp modules and posi-
tioning the lamp modules in the described planar and angled
orientation, the photodynamic therapy lamp according to the
invention can be used for the treatment of larger, relatively flat
surfaces of a patient at a single time as well as for the treat-
ment of contoured surfaces of a patient. Moreover, due to
positioning the two lamp modules in the specific angles
described for the first and second position, the selected treat-
ment area (e.g. larger relatively flat surfaces and contoured
surface of a patient) are homogeneously illuminated. Thus all
parts of the selected treatment area receive the same light
dose, thereby facilitating shorter treatment times, fewer
required operator functions for treatment, and most impor-
tantly, ensuring a safe and efficient treatment. In this regard,
photodynamic treatment success is dependent on both drug
dose and light dose. For example, if a part of a treatment area
receives a light dose which is greater than what is required,
potential treatment side effects including pain, redness and/or
edema can occur. On the other hand, if a part of the treatment
area receives a light dose which is less than what is required,
potential treatment failures include ineffective/insufficient
treatment, and/or potential re-treatment

[0069] Thus it is clear that the photodynamic therapy lamp
according to the invention provides an advantage over the
lamps of the prior art, e.g. over the lamps described in U.S.
Patent Application Publication No. 2004/0260365 which
only provide a limited treatment area. For example, when
used for the photodynamic treatment of a larger, relatively flat
surface of a patient or a contoured surface of a patient such as
the face, only a part of this treatment area can be treated in one
illumination session. As a consequence, the part of the treat-
ment area that is not presently undergoing treatment must be
covered by appropriate means to prevent stray, unwanted
illumination from impinging on such part. Therefore, the use
of'the lamps described in U.S. Patent Application Publication
No. 2004/0260365 in photodynamic therapy requires a rela-
tively long treatment time, additional operator functions, and
additional materials in order to the entire treatment area.
Moreover, the lamp must be precisely positioned indepen-
dently for each part of the treatment area in order to ensure
homogeneous illumination, thereby placing additional bur-
dens on the operator to correctly perform the photodynamic
treatment. Thus, in order to ensure correct treatment, the
received light dose per part of treatment area may need to be
determined (e.g. measured and evaluated), and subsequently,
re-treatment of particular parts that did not receive the
required light dose may be necessary, thereby further com-
plicating and extending the treatment.

[0070] In order to maintain the precise positioning of the
lamp modules according to the present invention in either of
the planar or angled orientations, i.e. first and second posi-
tion, the photodynamic therapy lamp according to the inven-
tion may be provided with locking positions and/or locking
elements that facilitate correct positioning of the lamp mod-
ules in the first and second position and that prevent unwanted
movement of the lamp modules during treatment. For
example, a locking element may hold each lamp module in
the first position, and the same or a different locking element
may hold each lamp module in the second position. In addi-
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tion, the locking positions and/or locking elements may pro-
vide positive feedback to an operator in order to ensure pre-
cise positioning of the lamp modules for treatment, thereby
further reducing potential sources of error.

[0071] The twolamp modules ofthe photodynamic therapy
lamp according to the invention each comprise a two-dimen-
sional array of LEDs, preferably a rectangular array of LEDs.
Each array of LEDs preferably includes an identical number
of LEDs. In general the number of LEDs should be sufficient
to ensure complete illumination of the treatment area, e.g. the
face. However, minimizing the number of LEDs is important
since the cooling requirements and the overall weight and size
of the lamp modules can be reduced which also impacts of
overall costs and complexity. Each array of LEDs comprised
in the two lamp modules of the photodynamic therapy lamp
according to the invention preferably contains 144 LEDs or
more, more preferably 192 LEDs or more, even more prefer-
ably from 240 to 320 LEDs and most preferably 256 LEDs. In
one embodiment, the array of LEDs is formed of individual
LED array elements that are arranged in a regular pattern,
preferably in a honeycomb pattern (i.e. hexagonal array) as
described in U.S. Patent Application Publication No. 2004/
0260365. For an array of LEDs which consists of 256 LEDs,
said LEDs are preferably arranged in a regular pattern made
of 16 individual LED array elements, each of said elements
consisting of 16 LEDs.

[0072] The LEDs are preferably collimated LEDs and the
lamp modules of the photodynamic therapy lamp of the
invention comprise optical mirrors or lenses, preferably
lenses, configured to collimate light emitted from the LEDs.
In a preferred embodiment, the lenses are provided in the
form of an array of lenses, preferably an array of lenses that
matches the array of LEDs such that a single lens is provided
for each LED. Thus, the two lamp modules of the photody-
namic therapy lamp according to the invention preferably
each comprise a two-dimensional array of LEDs and a two-
dimensional array of lenses, preferably a rectangular array of
LEDs and a rectangular array of lenses, and the number of
LEDs in said array of LEDs corresponds to the number of
lenses in said array of lenses. As an example, in a most
preferred embodiment, each lamp module of the photody-
namic therapy lamp according to the invention comprises a
two-dimensional array of LEDs which consists of 256 LEDs
and a matching two-dimensional array of lenses which con-
sists of 256 lenses. In a further preferred embodiment, said
256 LEDs are arranged in a regular pattern made of 16 indi-
vidual LED array elements, each of said elements consisting
of 16 LEDs and said 256 lenses are arranged in a regular
pattern made of 16 individual lens array elements, each of
said elements consisting of 16 lenses.

[0073] FIG. 1 illustrates an exemplary embodiment of a
photodynamic therapy lamp 10 according to the present
invention. The lamp 10 includes a lamp head 20, a support
arm 30, and a base 40.

[0074] The lamp head 20 comprises two adjacent, substan-
tially flat lamp modules 21 comprising each a two-dimen-
sional array of LEDs and a housing, a hinge 22, a yoke 23 and
a user interface. The two lamp modules 21 are connected to
each other by a hinge 22 which allows the lamp modules 21 to
be individually moved relative to each other, i.e. rotated
towards and from each other to be positioned for treatment. In
order to maintain the precise positioning of the lamp modules
according to the present invention in either of the planar or
angled orientations, i.e. first and second position, the hinge 22
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preferably comprises elements to lock the lamp modules in
said first and second position (locking elements) and that
prevent unwanted movement of the lamp modules during
treatment. For example, a locking element may hold each
lamp module in the first position, and the same or a different
locking element may hold each lamp module in the second
position. In addition, the locking elements may provide posi-
tive feedback to an operator in order to ensure precise posi-
tioning of the lamp modules for treatment, thereby further
reducing potential sources of error.

[0075] The lamp head 20 further comprises a yoke 23
which connects the two lamp modules 21 to the support arm
30. A rotating joint is preferably present at the connection of
the yoke 23 and each lamp module 21 which permits the two
lamp modules 21 to be rotated about a horizontal “x” axis,
thus being able to be positioned into a position wherein the
array of LEDs face towards a vertically oriented treatment
area, e.g. the face, chest or back of a sitting patient or towards
a horizontally oriented treatment area, e.g. the face, chest or
back of a lying patient. Further, a rotating joint is preferably
present at the connection of the yoke 23 and the support arm
30 which permits the lamp head 20 to be rotated about a
vertical “z” axis. This provides the operator with an easy
access to a user interface 24. A user interface 24 may be
provided for controlling the lamp 10. For example, the user
interface may include an input device, such as a keyboard or
keypad, and an output device, such as a display, an LCD
display and/or an audio output. The user interface may be
situated on the lamp head 20 and configured to drive the
LEDs. The user interface may control power sequencing, and
monitor and report faults in the lamp 10.

[0076] The support arm 30 is connected at one end to the
base 40, and is connected at the other end to the lamp head 20.
The support arm allows the lamp head 20 to be moved relative
to the base 40. The support arm 30 may be a self-balancing
arm that is configured to suspend the lamp head 20 in the
desired position for treatment, e.g. in a position for the treat-
ment of a patient’s face, back or chest and to maintain this
position without drift for the duration of the treatment.

[0077] The base 40 may include a power source, and/or
may include a connection to an external power source. In
addition, the base 40 may include wheels 41, and associated
brakes, so that the photodynamic therapy lamp 10 can be
moved and temporarily held stationary. The base 40 may
include a trolley, e.g., a mobile stand with wheels and asso-
ciated brakes, that allows the lamp 10 to be moved to a site of
treatment and maneuvered for access. An integrated vertical
pillar 42 of the base 40 may provide an anchor point for the
support arm 30 and ensures that the lamp head 20 is held ata
height suitable for treatment of a sitting or lying patient, e.g.
apatient sitting on a chair or lying on a bed. Further, the base
40 may also house the power supply and electronics for the
lamp 10, and an optional patient cooling unit 43 having a fan
that draws in ambient air and a cooling air outlet, e.g., hose/
duct, controllable by the patient/operator. Alternatively, the
base 40 may be configured as a table mounted support and/or
a wall mounted support.

[0078] FIGS.2A, 2B and 2C illustrate a planar orientation
of the lamp modules 21 of the exemplary embodiment of a
photodynamic therapy lamp 10 according to the present
invention. In the planar orientation, i.e. first position, the lamp
modules 21 are situated substantially parallel with each other
and facing the same direction, such that an angle between the
two lamp modules 21 is from 157 degrees to 180 degrees,
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more preferably from 163 degrees to 172 degrees, even more
preferably from 166.5 degrees to 170.5 degrees, and most
preferably 168.5 degrees. In addition, in the planar orienta-
tion, the inner edges of the two lamp modules 21 may be
separated from each other by a gap of approximately 16
mmz=2 mm. In this planar orientation, a larger surface area
may be treated at a single time, thereby facilitating shorter
treatment times and fewer required operator functions for
treatment. Such a larger surface area may be the chest of a
patient, as illustrated in FIG. 2B which shows the treatment of
a lying patient’s chest (viewed from the anterior end) or
sitting patient’s chest (top view). Further, such a larger sur-
face area may be the back of a patient, as illustrated in FIG.
2C, which shows the treatment of a lying patient’s back
(viewed from the anterior end) or sitting patient’s back (top
view).

[0079] FIGS. 3A and 3B illustrate an angled orientation of
the lamp modules 21 of the exemplary embodiment of a
photodynamic therapy lamp 10 according to the present
invention. In the angled orientation, i.e. the second position,
the lamp modules 21 are rotated relative to each other and at
least partially facing toward each other, such that an angle
between the two lamp modules 21 is from 50 degrees to 70
degrees, preferably from 55 degrees to 65 degrees, more
preferably from 58 degrees to 62 degrees, and most preferably
60 degrees. In addition, in the angled orientation, the inner
edges of the two lamp modules 21 may be separated from
each other by a gap of approximately 136 mm=2 mm. In this
angled orientation, a contoured surface may be treated, e.g. a
patient’s face as illustrated in FIG. 3B which shows the treat-
ment of a sitting patient’s face (top view) or lying patient’s
face (viewed from the anterior end).

[0080] FIG. 4 illustrates one of the two lamp module 21 of
the exemplary embodiment of a photodynamic therapy lamp
10 according to the present invention. FIG. 4A shows a front
view of a lamp module 21 with a housing 25 comprising a
front enclosure 25a and a rear enclosure 255 (not visible) and
a two-dimensional array of LEDs (not visible) which is cov-
ered by a matching two-dimensional array of lenses 26. Pref-
erably, the array of lenses is covered by an optically clear
window, e.g. a polymer window through which light from the
LEDs is emitted for treatment. Preferably, one lamp module
21 includes 256 LEDs 27 which are mounted on a substan-
tially flat support. The type of LED is dependent on the
wavelength selected for treatment which in turn is dependent
on the photosensitizer which is used in the photodynamic
treatment. In general, the type of LED is selected to have an
emission spectrum substantially coincident with the absorp-
tion spectrum of the photosensitizer. The absorption spectrum
of most photosensitizers shows several peaks, i.e. more than
one wavelength may be suitable to excite the photosensitizer.
In this case the wavelength may also be selected according to
the penetration depth. In general red light penetrates deeper
into the skin than for instance blue light, thus being able to
reach and treat deeper layers and structures in the skin, e.g. the
sebaceous glands in the case of an acne treatment. LEDs are
commercially available from various suppliers. Preferred
LEDs for the photodynamic therapy lamp of the invention are
the Luxeon Rebel emitters produced by Lumileds®. The
individual LEDs are preferably arranged in a regular pattern
ot 16x16 LEDs, preferably in a honeycomb pattern as shown
in FIG. 4B. The array of LEDs is covered by a matching array
of'lenses 26, e.g., made of polycarbonate, that are configured
to collimate the light emitted from the LEDs. For example,
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the individual LEDs array elements may be arranged in a
honeycomb pattern with a 12.9 mm pitch or center-to-center
distance.

[0081] The LEDs may emit red light, preferably red light
having a nominal wavelength of approximately 632 nm=5
nm, preferably 636 nm. Alternatively, the LEDs may emit
blue light, preferably blue light at a nominal wavelength of
approximately 417 nm+5 nm. In another embodiment, each
array of LEDs consists of a subset of LEDs which emits red
light and of another subset of LEDs which emits blue light. In
a preferred embodiment, the number of LEDs in each subset
is identical. In another preferred embodiments, each array of
LEDs consists of alternating blue light emitting LEDs and red
light emitting LED:s.

[0082] The efficacy of the LEDs for PDT is temperature
dependent. That is, with higher temperatures when the lamp
10 is in use and the LEDs generate heat, there is a reduction in
luminous output and a shift of wavelength to a higher wave-
length. A reduced luminous output requires an extension of
the illumination time to achieve a predetermined light dose.
Thus, if the temperature of the LEDs is not controlled, the
illumination time may be variable and extended to achieve the
predetermined light dose. By controlling the temperature of
the LEDs using an appropriate cooling system, the illumina-
tion time may be set as a fixed parameter. In a preferred
embodiment, in order to ensure delivery of the predetermined
light dose, the drive current for the LEDs is variable and
adapted in operation to meet delivery of the light dose within
a fixed illumination time. The output of the lamp modules 21
may be preferably varied between a high irradiance (fluence
rate) and a low irradiance (fluence rate), e.g. a high fluence
rate of approximately 150 mW/cm?® and a low fluence rate of
approximately 30 mW/cm?. In a preferred embodiment, the
output of the lamp modules 21 may be preferably varied
between a high fluence rate of approximately 68 mW/cm?and
a low fluence rate of approximately 46 mW/cm?®. Further, the
light dose may be varied between 1 and 99 J/em®. For
example, the light dose may be approximately 10 J/cm?® when
blue light is used for the treatment of acne or actinic keratosis
or 37 J/em® when red light is used for the treatment of actinic
keratosis or acne or for a cosmetic treatment of photoaged
skin.

[0083] The lamp modules 21 may preferably include a
cooling system to maintain the temperature of the LEDs for
optimal performance. Preferably, the lamp modules 21 may
be cooled by forced-air cooling. For example, each lamp
module 21 may include heat sinks to which the LED arrays
are directly mounted, and fans and associated ducts behind
each array of LEDs that provide effective forced-air cooling.
Alternatively or additionally, the lamp module 21 may be
cooled by convective air cooling using, for example, heat
sinks, and/or by liquid cooling using a coil and pump. The
choice of cooling system may depend on various factors,
including, for example, weight, cost, complexity, temperature
uniformity, noise, and reliability.

[0084] The LEDs may be mounted on a support made of
aluminum, for example, with low thermal resistance, and the
support may in turn be thermally bonded to a heat-sink also
made of aluminum, for example. In a preferred embodiment,
the support is the heat-sink, i.e. the LEDs are mounted to the
heat-sink as illustrated in FIG. 4C. Further, the support and/or
heat sink of each lamp module 21 may be mounted to one or
more cooling fans 28 and associated ducts for cooling, and
one or more driver modules 29 for control of the lamp module
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21 as illustrated in FIG. 4D. Each lamp module 21 may
include two driver boards such that each driver board drives
half of the LEDs of each module, e.g., 128 LEDs.

[0085] Eachlamp module 21 comprises a housing 25 which
comprises a front enclosure 25q and a rear enclosure 255, e.g.
plastic injection molded front and rear enclosures made of
ABS (acrylonitrile butadiene styrene). Each lamp module 21
may be assembled using various joining methods, including,
for example, ultrasonic welding, adhesives, and/or fasteners.
[0086] Preferably, the photodynamic therapy lamp 10 com-
prises locking elements to position and maintain the lamp
modules 21 in the angled and/or planar orientations, i.e. in the
first and second position. For example, the locking elements
may include positive detents provided at the first and second
position of each of the lamp modules 21. Additionally or
alternatively, the lamp modules 21 and/or lamp head 20 may
include markings to visually aid an operator in positioning
and/or verifying the lamp modules 21 in the first and second
position. For example, a locking element may hold each lamp
module in the first position, and the same or a different lock-
ing element may hold each lamp module in the second posi-
tion. In addition, the locking elements may provide positive
feedback to an operator in order to ensure precise positioning
of the lamp modules for treatment, thereby further reducing
potential sources of error.

[0087] FIG. 5 illustrates the locking elements of one of the
lamp modules 21 of a photodynamic therapy lamp 10 accord-
ing to the present invention. The second lamp module 21 is
not shown but preferably comprises identical locking ele-
ments. The locking elements are part of the hinge 22 and
comprise a bearing disc 22a and a guide slot 224. The bearing
disc 22a rests at the end of the guide slot 225 in the first and
second position, respectively. When the lamp module is
moved from the first into the second position (or vice versa),
the bearing disc slides in the guide slot until it comes to rest at
said second position. In a preferred embodiment, the center of
mass of the lamp head 20 shall not move by more than £10
mm from the nominal position when the two lamp modules 21
are moved from the first to the second position (and vice
versa) in such a way that they remain symmetrically posi-
tioned about the lamp head 20 centerline at all times during
the motion.

[0088] As mentioned earlier, it is important for the efficacy
and safety of a photodynamic treatment that the treated area is
homogeneously illuminated and that the same light dose is
provided to all parts of said treatment area. As an example, in
order to treat the face of a patient suffering from acne, it is not
sufficient to simply enlarge the photodynamic therapy lamps
described in U.S. Patent Application Publication No. 2004/
0260365 since although an enlarged lamp is able to illuminate
the whole face in one illumination session, such an illumina-
tion is not sufficiently homogeneous and thus it is not ensured
that the correct light dose is provided to each part of the face.
[0089] FIG. 6 show the results of 3D mathematical model
of the illuminance of a patient’s face/head with a lamp
according to U.S. Patent Application Publication No. 2004/
0260365. The model is based on the geometry and size of a
fairly large human head which is covered by a triangular mesh
and on the illumination of said head with light emitted from a
lamp module comprising an array of LEDs which is described
as a regular grid of LEDs over a polygon. Thus, any array of
LEDs can be modeled. The assumption is made that the LEDs
are at some distance from the surface of the lamp module, i.e.
accounting for lenses configured to collimate light emitted
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from said LEDs, e.g. for an array of lenses and for an optical
window. The LEDs are modeled as a point source with some
angular intensity function. It is further assumed that the illu-
minance is uniform over each triangle of the triangular mesh.
Based on said model, the illuminance from each LED is
calculated at each triangle. The results of the calculation are
displayed in color ranging from a red color for the strongest
illumination (highest intensity) to a dark blue color for the
weakest illumination (lowest intensity).

[0090] Asshownin FIG. 6, the model was used to calculate
the illuminance of a patient’s face/head from a lamp accord-
ing to U.S. Patent Application Publication No. 2004/
0260365, comprising a single lamp module which contains an
array of 128 LEDs arranged in a regular honeycomb pattern
of 16x8 LEDs, as displayed in the top right part of FIG. 6A.
The lamp is sold under the name “Aktilite® 128 by Gal-
derma. The lamp module is placed in front of the patient’s
face as shown in the top left part of FIG. 6A at a distance
recommended by the supplier. The lower part of FIG. 6A
shows the illuminance of the patient’s face in a 2D picture
while FIG. 6B shows the illuminance of the patient’s face in
a 3D model: only the middle part of the face from the nose/
mouth outwards to the middle of the cheeks is illuminated by
the lamp. The part from the outer corner of the eyes, from the
middle of the cheeks outwards, the forehead and the ears are
not or only poorly illuminated. As for the illuminated part,
illumination is not homogeneous as apparent from the color
distribution with a peak illumination of the middle of the
forehead, the back of the nose, the chin and the inner corners
of'the eyes. Thus if this lamp were used for the photodynamic
treatment of a patient’s face, e.g. for the treatment of acne,
efficacy of said treatment could not be ensured since parts of
the face are not illuminated at all and other parts of the face are
not homogeneously illuminated, i.e. different light doses are
provided to different parts of the face.

[0091] Asshownin FIG. 7, the model was used to calculate
the illuminance of a patient’s face/head from a lamp accord-
ing to U.S. Patent Application Publication No. 2004/
0260365, comprising a single lamp module which contains an
array of 768 LEDs arranged in a regular honeycomb pattern
0f'32x24 LEDs, as displayed in the top right part of FIG. 7A.
Hence this lamp is an enlarged version of the Aktilite® 128
lamp used in FIG. 6, i.e. comprising a larger array of LEDs
which are arranged in the same way as in the Aktilite® 128
lamp. The lamp module is placed in front of the patient’s face
as shown in the top left part of FIG. 7A at the same distance
as in FIG. 6A. The lower part of FIG. 7A shows the illumi-
nance of the patient’s face in a 2D picture while FIG. 7B
shows the illuminance of the patient’s face in a 3D model: the
whole face including the ears is illuminated by the lamp,
however, as for the lamp in FIG. 6, illumination is not homo-
geneous as apparent from the color distribution with a peak
illumination of the forehead, the back of the nose, the chin and
the area under the eyes. Thus if this lamp were used for the
photodynamic treatment of a patient’s face, e.g. for the treat-
ment of facial acne, efficacy of said treatment could not be
ensured since the face is not homogeneously illuminated, i.e.
different light doses are provided to different parts of the face.
[0092] As shown in FIG. 8 the model was used to calculate
the illuminance of a patient’s face/head from a photodynamic
therapy lamp 10 according to the invention comprising two
lamp modules 21 and each lamp module comprising a two-
dimensional array of 256 LEDs and a matching array of
lenses. The LEDs in each lamp module are arranged in a
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regular honeycomb pattern of 16x16 LEDs as shown for the
two lamp modules 21 in the top right of FIG. 8B. As illus-
trated in FIG. 8A in a view from above, the lamp modules 21
are positioned at a distance of 5-8 cm from the face in an
angled orientation, i.e. second position with an angle of 60
degrees between them. The lower part of FIG. 8B shows the
illuminance of the patient’s face in a 2D picture while the
upper left part of FIG. 8B shows the illuminance of the
patient’s face in a 3D model: the whole face is homoge-
neously illuminated by the lamp, i.e. no holes or hot-spots
occur. The model was also used to assess the influence ofhead
movement during treatment on the homogeneity of illumina-
tion and it was found that homogeneous illumination is still
achieved with a 20 mm offset from the head’s nominal posi-
tion to the right, left, back and forward. Thus using the pho-
todynamic therapy lamp according to the invention in a
method of photodynamic treatment of a patient’s face, e.g. for
the treatment of facial acne, ensures efficacy and safety of
said treatment since the face will be homogeneously illumi-
nated, i.e. the correct light dose is provided to all parts of the
face.

[0093] Whilst positioning the two lamp modules of the
photodynamic therapy lamp according to the invention in the
second position gives good overall head movement tolerance,
the photodynamic therapy lamp according to the invention
preferably provides a method to the operator to optimally
align the patient’s face/head and the two lamp modules in the
second position, i.e. the angled orientation and to find the
optimal distance of the patient’s back or chest and the two
lamp modules in the first position, i.e. the planar orientation.
This will further ensure homogenous illumination of the
treatment area and thus safety and efficacy of the treatment.
Forthe alignment in the second position, two rows of LEDs of
each array of LEDs are used to triangulate the position of the
line of symmetry of the face/head to the lamp modules. The
method enables centration, vertical and horizontal position-
ing in addition to setting the correct lamp module distance
from the front of the face/head. Likewise, for the alignment in
the first position two rows of LEDs of each array of LEDs are
used to determine the optical vertical positioning, i.e. optimal
distance from the lamp modules to the treatment surface.
Further, a scale or other visual aid may be used to maintain a
distance between the lamp modules and the treatment area
between about 5 cm to 8 cm. Preferably, such scale or visual
aid is provided on the lamp modules.

[0094] The lamp and mathematical model of FIG. 8 was
used to calculate the illuminance of a patient’s face/head as
shown in FIG. 9. Only two rows of the two-dimensional array
of 256 LEDs were used for the illumination as illustrated in
the top right part of FIG. 9A. The lamp modules 21 and the
patient’s face/head are positioned as shown in FIG. 8A, i.e.
the lamp modules 21 are positioned at a distance of 5 to 8 cm
from the face in an angled orientation, i.e. second position,
with an angle of 60 degrees between them. The lower part of
FIG. 9A shows the illuminance of the patient’s face in a 2D
picture while the upper left part of FIG. 9A shows the illumi-
nance of the patient’s face in a 3D model: the line of symme-
try of the face/head is homogeneously illuminated without a
shadow in the center of the face and the peak illumination is
aligned with said line of symmetry, indicating that the lamp is
optimally positioned. If the lamp modules are positioned too
far away from the patient’s face, the offset from the optimal
position is visible by reduced intensity (deep blue color) as
illustrated in FIG. 9B. If the lamp modules are positioned too
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close to the patient’s face, the offset from the optimal position
is visible by a shadow in the center of the patient’s face which
extends from the forehead to the chin, as illustrated in FIG.
9C. If the lamp modules are positioned too far to the right (or
the left) from the line of symmetry of the face/head this offset
from the optimal position is visible by a peak illumination
which s off said line of symmetry, i.e. which has moved to the
right (or left) as illustrated in FIG. 9D. Thus when the pho-
todynamic therapy lamp of the invention is used for the pho-
todynamic treatment of the patient’s face, the operator posi-
tions the lamp modules in the second position, i.e. angled
orientation and places the lamp head with a distance of 5-8 cm
from the patient’s face in such way that the arrays of LEDs are
oriented towards the patient’s face (as shown in FIG. 3B).
Then the operator simply has to run the alignment procedure
(e.g. by pressing a button on the user interface and/or by
selecting the alignment procedure from a menu) and, if there
is a shadow visible on the patient’s face, re-position the lamp
head/lamp until there is no longer a shadow visible and the
peak illumination is aligned with the line of symmetry of the
patient’s face.

[0095] The method of alignment of the lamp modules in the
first position, i.e. planar orientation is based on the same
principle and essentially carried out in the same way. Thus
when the photodynamic therapy lamp of the invention is used
for the photodynamic treatment of e.g. the patient’s back or
chest, the operator moves the lamp modules into the first
position and positions the lamp head in a distance of 5-8 cm
over a selected treatment area on the patient’s back/chest with
the arrays of LEDs facing the treatment area (as shown in
FIGS. 2B and 2C). Then the operator simply has to run the
alignment procedure (e.g. by pressing a button on the user
interface and/or by selecting the alignment procedure from a
menu) and, if there is a shadow visible on the patient’s back/
chest, re-position the lamp until there is an even illumination
without a shadow.

[0096] Alternatively or in addition to the method of align-
ment, the lamp may provide a guide light feature, i.e. illumi-
nation from all LEDs with reduced intensity in the first or
second position. With the guide light feature, the operator can
check for correct position, e.g. even illumination of the face or
back or chest by the lamp. Shadows indicate non- or poorly
illuminated areas and the distance between the lamp and the
treatment area can be adjusted in such a way that the shadows
disappear.

[0097] The photodynamic lamp according to the invention
is preferably used for the photodynamic treatment of the skin
of a patient, preferably for the photodynamic treatment of
contoured treatment areas like face and relatively flat treat-
ment areas like the chest and the back. The photodynamic
treatment may be a therapeutic treatment, i.e. a treatment to
prevent, alleviate or cure a disease or disorder in a patient.
Preferred examples of such therapeutic treatments are the
treatment of dermatological diseases, i.e. diseases and disor-
ders affecting the skin. Preferred examples of such dermato-
logical diseases are acne, e.g. acne associated with bacteria
such as Propionibacterium (e.g. P. acnes, P. granulosum and/
or P. avidum), acne vulgaris, acne rosacea, acne conglobate,
acne papulosa and premenstrual acne, psoriasis, skin cancers
(e.g. Bowen’s disease, squamous cell carcinoma) or pre-can-
cerous conditions of the skin such as actinic keratosis. The
photodynamic treatment may be a cosmetic treatment, i.e. a
treatment of ameliorate, alleviate or treat the signs of photo-
aging and to enhance the appearance of the skin. The photo-
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dynamic lamp according to the invention may be used in a
photodynamic treatment without a photosensitizer (or a pre-
cursor of a photosensitizer). Such a treatment is also called
“phototherapy” or “light therapy” and may be a therapeutic
treatment, i.e. a treatment to prevent, alleviate or cure a dis-
ease or disorder in a patient or a cosmetic treatment. Alterna-
tively, the photodynamic lamp according to the invention may
be used in a photodynamic treatment with a photosensitizer
(or a precursor of a photosensitizer). In general, any known
photosensitizers or precursors therecof can be used in a
method of PDT wherein the photodynamic therapy lamp
according the invention is used.

[0098] Typical such photosensitizers include dyes like
hypericin and PVP hypericin, psoralens, porphyrins such as
hematoporphyrins, protoporphyrins, uroporphyrins, copro-
porphyrins, benzoporphyrins or deuteroporphyrins, in par-
ticular Photofrin® (profimer sodium), photosan III or verte-
porfin; chlorins, including bacteriochlorins and isochlorins
such as chlorine e6, talaporfin or temoporfin and phthalocya-
nines such as aluminum- and silicon phthalocyanines Prefer-
ably, precursors of photosensitizers are used in a method of
PDT wherein the photodynamic therapy lamp according to
the invention is used. Typical precursors of photosensitizers
include S-aminolevulinic acid (5-ALA) and certain deriva-
tives thereof, e.g. 5-ALA N-derivatives or 5-ALA esters or
salts thereof, preferably derivatives and salts thereof as
describedin WO 96/28412, WO 99/53962, U.S. Patent Appli-
cation Publication No. 2005/124984, U.S. Patent Application
Publication No. 2008/0064752 and U.S. Patent Application
Publication No. 2010/0273725.

[0099] Photosensitizers or precursors of photosensitizers
are formulated with compatible excipients that are known in
the art as described for instance in WO 96/28412, WO
99/53962, U.S. Patent Application Publication No. 2011/
0020441, U.S. Patent Application Publication No. 2011/
0293528, U.S. Patent Application Publication No. 2012/
0134921, U.S. Patent Application Publication No. 2012/
0136055, U.S. Patent Application Publication No. 2011/
0212146, WO 2011/161220, and WO 2012/004399. For
parenteral administration the photosensitizer or precursor of
photosensitizer can be formulated as a solution, preferably
aqueous solution. For enteral administration, the photosensi-
tizer or precursor of photosensitizer can be formulated as a
solid for oral administration, e.g. a pill, tablet, powder, granu-
late or alternatively, the photosensitizer or precursor of pho-
tosensitizer can be formulated as a semi-solid for oral admin-
istration, e.g. a gel, emulsion, foam or ointment. Further, the
photosensitizer or precursor of photosensitizer can be formu-
lated as a liquid for oral administration, e.g. a solution, sus-
pension or syrup. For topical administration, e.g. for applica-
tion to the skin, the photosensitizer or precursor of
photosensitizer can be formulated as a liquid, e.g. a solution
such as an aqueous and/or alcoholic solution or suspension, as
a semi-solid, e.g. a cream, emulsion, lotion, ointment, gel,
foam and paste or as a solid, e.g. a transdermal patch. For the
photodynamic treatment of acne, actinic keratosis or for cos-
metic treatment, the photosensitizer or precursor of photo-
sensitizers are preferably formulated for topical application
to the skin, more preferably as a semi-solid, e.g. a cream,
emulsion, lotion, ointment, gel, foam and paste or as a solid,
e.g. a transdermal patch.

[0100] Ifthephotodynamiclamp according to the invention
is used in the treatment of acne, it is preferably used with a
precursor of a photosensitizer, more preferably with 5-ALA

Mar. 6, 2014

or a salt thereof or a derivative of 5-ALA or a salt thereof,
most preferably with a 5-ALA ester or a salt thereof, e.g. as
described in U.S. Patent Application Publication No. 2008/
0188558 and U.S. Patent Application Publication No. 2010/
0137439. In a preferred embodiment, the photodynamic lamp
according to the invention is used in the treatment of acne
with 5-AL A methyl ester or a salt thereof, preferably with the
hydrochloride salt of 5-AL A methyl ester.

[0101] Ifthephotodynamiclamp according to the invention
is used in the treatment of actinic keratosis it is preferably
used with a precursor of a photosensitizer, more preferably
with 5-ALA or a salt thereof or a derivative of 5-AL A or a salt
thereof, most preferably with a 5-AL A ester or a salt thereof,
e.g. as described in U.S. Patent Application Publication No.
2010/0137439. In a preferred embodiment, the photody-
namic lamp according to the invention is used in the treatment
of actinic keratosis with 5-AL. A methyl ester or a salt thereof,
preferably with the hydrochloride salt of 5-AL A methyl ester.

[0102] Ifthephotodynamiclamp according to the invention
is used in the cosmetic treatment of photoaged skin, it is
preferably used with a precursor of a photosensitizer, more
preferably with 5-AL A or a salt thereof or a derivative of
5-ALA or a salt thereof, most preferably with a 5-ALA ester
or a salt thereof, e.g. as described in U.S. Patent Application
Publication No. 2011/0212146. In a preferred embodiment,
the photodynamic lamp according to the invention is used in
the cosmetic treatment of photoaged skin with 5-ALL A hexyl
ester or a salt thereof, preferably with the hydrochloride salt
or the napsylate salt of 5-ALA hexyl ester.

[0103] The concentration of the photosensitizers or precur-
sors of photosensitizers in a pharmaceutical or cosmetic com-
position for use in a method of PDT with the photodynamic
lamp according to the invention procedures depends upon the
nature of the photosensitizer or precursor of photosensitizer,
the nature of the composition/formulation, the mode of
administration, the disease, disorder or condition to be treated
and may be varied or adjusted according to choice. For pre-
cursors of photosensitizers, such as 5-ALA and derivatives of
5-ALA, generally, concentration ranges of 0.01 to 50% by
weight, such as 0.05 to 20% by weight, or 1 to 10% by weight,
e.g. 1 to 5% by weight, are suitable.

[0104] For the photodynamic therapeutic treatment of
acne, if a 5-AL A ester or salt thereof is used as a precursor of
a photosensitizer, the concentration of such 5-ALA esters or
salts thereof in a pharmaceutical composition for topical
administration to the skin is preferably 1 to 20% by weight,
more preferably 5 to 16% by weight, even more preferably 6
to 10% by weight and most preferably 7 to 9% by weight.

[0105] For the photodynamic therapeutic treatment of
actinic Keratosis, if a 5-ALA ester or salt thereof is used as a
precursor of a photosensitizer, the concentration of such
5-ALA esters or salts thereof in a pharmaceutical composi-
tion for topical administration to the skin is preferably 1 to
20% by weight, more preferably 5 to 16% by weight.

[0106] For the photodynamic cosmetic treatment of photo-
aged skin, if a 5-AL A ester or salt thereof'is used as a precur-
sor of a photosensitizer, the concentration of such 5-ALA
esters or salts thereof in a cosmetic composition for topical
administration to the skin is preferably 2% or less by weight,
more preferably 0.02 to 1.75% by weight, even more prefer-
ably 0.05 to 1.5% by weight and most preferably 0.1 to 1% by
weight.
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[0107] FIG. 10 illustrates a method of using the lamp in
photodynamic treatment according to an exemplary embodi-
ment of the present invention.

[0108] At step 10A, the PDT procedure may optionally
start with a pre-treatment of the treatment area, e.g. the skin to
be treated. Such a pre-treatment may comprise the step of
cleansing the skin with a suitable cleansing agent such as
soap/water. Further, such pre-treatment may comprise the
step of removing dead skin cells on the skin surface, e.g. with
keratolytic agents, such as agents comprising urea and/or
hydroxy acids such as salicylic acid or lactic acid or by
manually scrubbing away such dead cells, e.g. with a brush.
Pre-treatment may also comprise the step of preparing the
surface of a lesion, e.g. an actinic keratosis lesion, with a
dermal curette to remove scales and crusts and to roughen the
surface of the lesion.

[0109] Ifthephotodynamic lamp according to the invention
is used with a photosensitizer or precursor of a photosensi-
tizer, a pharmaceutical or cosmetic composition comprising
such photosensitizer or precursor of a photosensitizer is
administered to the patient at step 10B. Alternatively, the
photodynamic lamp according to the invention is used with-
out a photosensitizer or precursor of photosensitizer. The
mode of administration is dependent on the composition and
nature of the photosensitizer or precursor of photosensitizer.
Typically, administration can be done parenterally (infusion,
injection), enterally (e.g. oral or rectal administration) or
topically.

[0110] The waiting step 10C is carried out to achieve an
effective concentration of photosensitizer in the target cells of
the treatment area (incubation time) or to convert the precur-
sor into a photosensitizer and achieve effective concentration
of'the photosensitizer in the target cells of the treatment area,
in case a precursor is used. The incubation time is dependent
on the nature of the photosensitizer or precursor of photosen-
sitizer, its concentration, its formulation and also its mode of
administration. In general, incubation time ranges from 0
minutes to several hours, e.g. 12 hours. For topical adminis-
tration to skin, the incubation time is 5 min to 4 hours, more
preferably 15 min to 3 hours, even more preferably 30 min to
2 hours and most preferably 1to 1.5 hours. For topical admin-
istration to the skin, the incubation can be carried out under
occlusion, e.g. with an adhesive occlusive dressing such as
Tegaderm® or Opsite®. Such occlusive dressings may
enhance the penetration and absorption of a topically-admin-
istered formulation. After the incubation, the remainder of the
composition comprising the photosensitizer or precursor of
photosensitizer may be removed, if the composition was topi-
cally administered.

[0111] At step 10D() of FIG. 10 for photodynamic treat-
ment of a relatively flat treatment surface on a patient, e.g. the
patient’s chest or back, the lamp modules 21 are placed in the
planar orientation, i.e. the first position, e.g. by rotating the
lamp modules 21 away from each other until the lamp mod-
ules 21 are in the correct first position, preferably locked in
said first position by means of locking elements. Then, the
lamp head 20 is positioned at a distance suitable to homoge-
neously illuminate said relatively flat treatment surface, e.g.
by using the alignment method described hereinbefore.
[0112] At step 10D(ii) for photodynamic treatment of a
contoured treatment surface on a patient, e.g. the patient’s
face, the lamp modules 21 are placed in the angled orienta-
tion, i.e. second position, e.g. by rotating the lamp modules 21
towards each other until the lamp modules 21 are in the
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correct second position, preferably locked in said second
position by means of locking elements. Then, the lamp head
20 is positioned at a distance suitable to homogeneously
illuminate said contoured treatment surface, e.g. by using the
alignment method described with reference to FIG. 9.
[0113] For facial treatments, it is recommended that the
patient wears protective eye shields, and for other treatments,
it is recommended that the patient wears ordinary protective
glasses. For all treatments, it is recommended that the opera-
tor wears professional protective glasses or goggles.

[0114] After the lamp head 20 is correctly positioned for
treatment, the photodynamic treatment parameters, e.g.
required light dose and/or the illumination time for the LEDs
of the lamp modules 21 are input by the operator using the
user interface on the lamp 10 at step 10E.

[0115] Then, at step 10F, the photodynamic treatment is
performed at the required light dose and illumination time.
During treatment, the user interface may display or otherwise
indicate the treatment parameters and remaining treatment
time. In a preferred embodiment, the treatment may be (re-
peatedly) interrupted by the operator, e.g. if the patient expe-
riences pain. The treatment can then be continued at any time
within a certain period (e.g. an hour) and the lamp delivers the
remaining light dose. At the completion of treatment, the user
interface may display or otherwise indicate such completion
by visual and/or audio output. The photodynamic treatment
can be paused, restarted, and/or interrupted as necessary in
order to provide appropriate treatment to the patient. Further,
the patient may use the optional patient cooling unit as desired
throughout the treatment.

[0116] The following examples illustrate the use of the
photodynamic therapeutic lamp according to the invention in
methods of photodynamic therapy:

EXAMPLE 1

Photodynamic Treatment of Acne

[0117] The objective of the clinical study was to investigate
the efficacy and safety of a cream comprising 10% by weight
5-ALA methyl ester hydrochloride salt (corresponding to 8%
by weight 5-AL A methyl ester)(also referred to in the follow-
ing examples as “Visonac® cream”(a registered trademark of
Photocure ASA)) vs. placebo (the cream formulation without
5-ALA methyl ester hydrochloride) followed by red light
illumination carried out with a lamp according to the inven-
tion (i.e., a photodynamic therapy lamp 10 as shown and
described with reference to FIGS. 1 to 5)(also referred to in
the following examples as “Nedax® lamp” (a registered
trademark of Photocure ASA)) in severe acne patients. The
clinical study was a multicenter, randomized, double-blind
and placebo controlled study. A total of 153 male and female
patients aged 12 to 35 years were enrolled at 15 sites in the
United States of America having Fitzpatrick skin type [-VI,
2510 75 inflammatory acne lesions and 20 to 100 non-inflam-
matory acne lesions, no more than 3 nodules and an Investi-
gator’s Global Assessment (IGA) score of 4. Visonac® cream
or placebo was administered to the skin and left to incubate
under occlusion (Opsite®, Smith and Nephew) for 1.5 hours.
Ilumination was carried out with the Nedax® lamp compris-
ing two lamp modules 21 comprising each a two-dimensional
array of 256 LEDs which provide red light at an average
wavelength of 632 nm and a matching array of lenses. The
two lamp modules 21 were positioned in a planar orientation,
i.e. first position for the treatment of the back or chest at an
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angle of 168.5 degree and in an angled orientation, i.e. second
position for the treatment of the face at an angle of 60 degree.
The lamp modules 21 were positioned at a distance of 5-8 cm
from the treatment area. The lamp was set to an irradiance
(fluence rate) of 68 mW/cm? and a light dose of 37 J/cm?® was
provided. The patients could use the patient cooling unit of
the lamp to provide cooling to the treated areas as desired and
possible throughout the treatment. The patients wore protec-
tive goggles during the treatment

[0118] All patients received 4 treatments 2 weeks apart (at
week 0, 2, 4 and 6). The primary end-point of the study was
reduction of inflammatory lesions 6 weeks after the last treat-
ment (week 12). Secondary end-points were proportion of
patients with success according to IGA (success defined as an
improvement of at least 2 grades from the baseline), reduction
in non-inflammatory lesions, pain experienced during illumi-
nation using a Visual Analogue Scale (VAS) from 0 to 10 and
erythema score. Patients treated with Visonac® cream in
combination with the Nedax® lamp had a statistically signifi-
cant reduction in inflammatory lesions of 43.8% as compared
to 26.6% in the placebo group (p=0.003). Visonac® cream
treatment showed a statistically significant higher IGA treat-
ment success rate compared to placebo, 44.0% versus 26.4%
(p=0.013). A comparable reduction in non-inflammatory
lesions was achieved in both groups (p=0.853). Post treat-
ment erythema was reported more frequently in the Visonac®
cream group (89% versus 70%), which generally subsided by
the following day. Twelve patients withdrew from the study
due to adverse events. Six (6%) patients in the Visonac®
cream group withdrew due to pain related adverse events
(pain, burning or stinging). No serious adverse events were
reported in the study.

[0119] Inconclusion, photodynamic treatment of acne with
Visonac® cream and Nedax® lamp, i.e., a photodynamic
therapy lamp 10 according to the invention, significantly
decreased the number of inflammatory lesions and signifi-
cantly improved IGA success rate compared to placebo. The
treatment was well tolerated. Comparable efficacy was dem-
onstrated in reducing non-inflammatory lesions.

EXAMPLE 2

Photodynamic Treatment of Actinic Keratosis

[0120] Actinic keratosis patients having multiple or few but
fairly extensive lesions on the face are treated using a cream
comprising 20% by weight 5-AL A methyl ester hydrochlo-
ride salt (corresponding to 16% by weight 5-ALA methyl
ester), e.g. Metvixia® cream (Galderma), followed by red
light illumination which is carried out with a Nedax® lamp,
i.e., a photodynamic therapy lamp 10 according to the inven-
tion. The surface of the lesions is prepared with a small
dermal curette to remove scales and crusts and to roughen the
surface of the lesions. The cream is administered to the
lesions and left to incubate under occlusion for 3 hours. The
remainder of the cream is removed and illumination is carried
out with the Nedax® lamp comprising two lamp modules 21
comprising each a two-dimensional array of 256 LEDs which
provide red light at an average wavelength of 632 nm and a
matching array of lenses. The two lamp modules 21 of the
lamp are positioned in an angled orientation, i.e. second posi-
tion for the treatment of the face at an angle of 60 degree. The
lamp modules 21 are positioned at a distance of 5-8 cm from
the face. The lamp is set to an irradiance (fluence rate) of 68
mW/cm? and a light dose of 37 J/em? is provided. The patients
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may use the patient cooling unit of the lamp 10 to provide
cooling to the face as desired throughout the treatment. The
patients wear protective goggles during the treatment

EXAMPLE 3

Photodynamic Treatment of Actinic Keratosis

[0121] Actinickeratosis patients having multiple or few but
fairly extensive lesions on the face are treated using essen-
tially anhydrous 5-ALA hydrochloride which is admixed
with a liquid diluents just prior to its use to result in a 20%
solution for topical administration to the skin (e.g. Levulan®
Kerastick®, Dusa Pharmaceuticals) followed by blue light
illumination which is carried out with a photodynamic
therapy lamp 10 according to the invention. The surface of the
lesions is prepared with a small dermal curette to remove
scales and crusts and to roughen the surface of the lesions.
The solution is administered to the lesions. After the initially
administered solution has dried, one or more subsequent
administrations may be carried out to approximately admin-
ister 2 mg/cm?® of 5-ALA hydrochloride. Formation of pho-
tosensitive porphyrin in the cells of the treated lesions occurs
over the next 14-18 hours, during which time exposure to
direct sunlight or other bright light sources should be mini-
mized. Between 14 and 18 hours after administration of the
ALA, illumination is carried out with a photodynamic
therapy lamp according to the invention comprising two lamp
modules comprising each a two-dimensional array of 256
LEDs which provide blue light at an average wavelength of
417 nm and a matching array of lenses. The two lamp mod-
ules of the lamp are positioned in an angled orientation, i.e.
second position for the treatment of the face at an angle of 60
degree. The lamp modules are positioned at a distance of 5-8
cm from the face. A light dose of 10 J/cm? is provided. The
patients may use the patient cooling unit of the lamp to pro-
vide cooling to the face as desired throughout the treatment.
The patients wear protective goggles during the treatment

EXAMPLE 4

Cosmetic Photodynamic Treatment of Photoaged
Skin

[0122] Patients whose faces show typical signs of photoag-
ing such as roughness, sallowness, mottled pigmentation,
diffuse facial redness, telangiectasis and/or the formation of
fine lines or wrinkles are treated using a cream comprising
0.5% by weight 5-ALA hexyl ester napsylate or 0.5% by
weight 5-ALA hexyl ester hydrochloride (e.g. Allumera®
cream, Photocure Inc.), followed by red light illumination
which is carried out with a Nedax® lamp, i.e., a photody-
namic therapy lamp 10 according to the invention. The face is
cleaned with soap/water and gently dried. About 2 g of the
cream is administered to all areas of the face except the areas
which are covered by goggles during illumination. The cream
is left on the face for about 1 hour, and the remainder of the
cream is removed. Illumination is carried out with the
Nedax® lamp comprising two lamp modules 21 comprising
each a two-dimensional array of 256 LEDs which provide red
light at an average wavelength of 632 nm and a matching
array of lenses. The two lamp modules 21 of the lamp are
positioned in an angled orientation, i.e. second position for
the treatment of the face at an angle of 60 degree. The lamp
modules 21 are positioned at a distance of 5-8 cm from the
face. The lamp is set to an irradiance (fluence rate) of 68
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mW/cm? and a light dose of 37 J/em? is provided. The patients
may use the patient cooling unit of the lamp 10 to provide
cooling to the face as desired throughout the treatment. The
patients wear protective goggles during the treatment.

EXAMPLE 5

Photodynamic Treatment of Acne

[0123] Patients suffering from non-inflammatory acne (i.e.
the majority of acne lesions are non-inflammatory lesions) or
moderate inflammatory acne on their faces, backs and/or
chest are treated by red light illumination carried out with a
Nedax® lamp (i.e., a photodynamic therapy lamp 10 accord-
ing to the invention) without the use of a photosensitizer or
precursor of a photosensitizer. [llumination is carried out with
the Nedax® lamp comprising two lamp modules 21 compris-
ing each a two-dimensional array of 256 LEDs which provide
red light at an average wavelength of 632 nm and a matching
array of lenses. The two lamp modules 21 are positioned in a
planar orientation, i.e. first position for the treatment of the
back or chest at an angle of 168.5 degree and in an angled
orientation, i.e. second position for the treatment of the face at
an angle of 60 degree. The lamp modules 21 are positioned at
a distance of 5-8 cm from the treatment area. The lamp is set
to an irradiance (fluence rate) of 68 mW/cm? and a light dose
of 37 J/em? is provided. The patients may use the patient
cooling unit of the lamp to provide cooling to the treated areas
as desired and possible throughout the treatment. The patients
wear protective goggles during the treatment. Such a treat-
ment can be a primary treatment, an alternative to pharma-
ceuticals or topical, or an adjunct to skin care programs.

EXAMPLE 6

Photodynamic Treatment of Acne

[0124] Patients suffering from moderate inflammatory
acne on their faces, backs and/or chest are treated by blue light
illumination carried out with a photodynamic therapy lamp
according to the invention without the use of a photosensitizer
or precursor of a photosensitizer. [llumination is carried out
with a lamp comprising two lamp modules comprising each a
two-dimensional array of 256 LEDs which provide blue light
at an average wavelength of 417 nm and a matching array of
lenses. The two lamp modules are positioned in a planar
orientation, i.e. first position for the treatment of the back or
chest at an angle of 168.5 degree and in an angled orientation,
i.e. second position for the treatment of the face at an angle of
60 degree. The lamp modules are positioned at a distance of
5-8 cm from the treatment area. A light dose of 10 J/cm? is
provided. The patients may use the patient cooling unit of the
lamp to provide cooling to the treated areas as desired and
possible throughout the treatment. The patients wear protec-
tive goggles during the treatment. The treatment may be
carried out about once or twice per week and may go on for
about 5 weeks or so. Such a treatment can be a primary
treatment, an alternative to pharmaceuticals or topical, or an
adjunct to skin care programs.

[0125] The foregoing description discloses only non-limit-
ing embodiments of the present invention. Modification of the
above-disclosed exemplary dual panel photodynamic therapy
lamp, and a method of using the same, which fall within the
scope of the invention, will be readily apparent to those of
ordinary skill in the art.
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[0126] Accordingly, while the present invention has been
disclosed in connection with the above non-limiting embodi-
ments, it should be understood that other embodiments may
fall within the spirit and scope of the invention, as defined by
the following claims.

1. A photodynamic therapy lamp, comprising two lamp
modules each lamp module comprising a two-dimensional
array of LEDs and each of the lamp modules being configured
to be movable only within a range defined between a first
position and a second position, the first position defining an
angle between the lamp modules from 157 degrees to 180
degrees, and the second position defining the angle between
the lamp modules from 50 degrees to 70 degrees.

2. The lamp according to claim 1, wherein the angle in the
first position is from 163 to 172 degrees.

3. The lamp according to claim 1, wherein the angle in the
first position is from 166.5 to 170.5 degrees.

4. The lamp according to claim 1, wherein the angle in the
first position is 168.5 degrees.

5. The lamp according to claim 1, wherein the angle in the
second position is from 55 to 65 degrees.

6. The lamp according to claim 1, wherein the angle in the
second position is from 58 to 62 degrees.

7. The lamp according to claim 1, wherein the angle in the
second position is 60 degrees.

8. (canceled)

9. The lamp according to claim 1, wherein the lamp mod-
ules are identical.

10. (canceled)

11. The lamp according to claim 1, further comprising a
movable base and a support arm movably connecting the two
lamp modules with the base.

12. The lamp according to claim 11, wherein the base
includes a power source, control electronics, and a patient
cooling unit.

13. The lamp according to claim 1, wherein each lamp
module comprises a housing having an optical window,
within the housing there is provided the two-dimensional
array of LEDs, a substrate on which the array of LEDs is
mounted, a heat sink, a cooling unit configured to cool the
array of LEDs and at least one driver module.

14. The lamp according to claim 1, wherein each lamp
module contains 144 LEDs or more.

15. The lamp according to claim 1, wherein each lamp
module contains from 240 to 320 LEDs.

16. The lamp according to claim 1, wherein each lamp
module contains 256 LEDs.

17. The lamp according to claim 1, wherein the array of
LEDs is formed of individual LED array elements that are
arranged in a regular pattern.

18. The lamp according to claim 1, wherein an irradiance of
the array of LEDs is from 30 to 150 mW/cm?® when the lamp
modules are positioned at a distance from about 5 cm to about
8 cm to a treatment surface on a patient.

19. The lamp according to claim 1, wherein an irradiance of
the array of LEDs is 46 mW/cm? and 68 mW/cm? when the
lamp modules are positioned at a distance from about 5 cm to
about 8 cm to a treatment surface on a patient.

20. The lamp according to claim 1, wherein a light dose of
the array of LEDs is from about 1 to 99 J/em® during a
treatment time.

21. The lamp according to claim 1, wherein a light dose of
the array of LEDs is about 37 J/em? during a treatment time.
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22.The lamp according to claim 1, wherein, when in opera-
tion, each LED of the array of LEDs emits light at a nominal
wavelength of approximately 632 nm+5 nm.

23.The lamp according to claim 1, wherein, when in opera-
tion, each LED of the array of LEDs emits light at a nominal
wavelength of approximately 417 nm+5 nm.

24. (canceled)

25. The lamp according to claim 1, wherein the LEDs
include collimating lenses configured to collimate light.

26. The lamp according to claim 25, wherein the lenses are
arranged in an array of lenses that matches the array of LEDs.

27. The lamp according to claim 26, wherein the number of
LEDs in the array of LEDs and the number of lenses in the
array of lenses is identical.

28. The lamp according to claim 1, wherein, when in opera-
tion, a luminous output of the LEDs is kept constant by
controlling their temperature by a cooling unit.

29. The lamp according to claim 13, wherein a current from
the at least one driver module is variable and adapted in
operation to meet delivery of a set light dose within a fixed
illumination time.

30. The lamp according to claim 13, further comprising a
user interface having at least one input device and at least one
output device.

31. A photodynamic therapy lamp, comprising two lamp
modules each lamp module comprising a two-dimensional
array of LEDs and each of the lamp modules being configured
to be movable only within a range defined between a first
position and a second position, the first position defining an
angle between the lamp modules from 157 degrees to 180
degrees, and the second position defining the angle between
the lamp modules from 50 degrees to 70 degrees;

wherein the lamp modules include locking elements con-

figured to selectively lock the lamp modules in either the
first position or the second position;
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further comprising a movable base and a support arm mov-
ably connecting the two lamp modules with the base, the
base including a power source, control electronics, and a
patient cooling unit;
wherein each lamp module comprises a housing having an
optical window, within the housing there is provided the
two-dimensional array of LEDs, a substrate on which
the array of LEDs is mounted, a heat sink, a cooling unit
configured to cool the array of LEDs and at least one
driver module;
wherein the array of LEDs is formed of individual LED
array elements that are arranged in a regular pattern;

wherein, when in operation, each LED ofthe array of LEDs
emits light at a nominal wavelength of approximately
632 nm=5 nm;

wherein the LEDs are collimated LEDs including lenses

configured to collimate light;

wherein the lenses are arranged in an array of lenses that

matches the array of LEDs;

wherein the number of LEDs in the array of LEDs and the

number of lenses in the array of lenses is identical;
wherein a current from the at least one driver module is
variable and adapted in operation to meet delivery of a
set light dose within a fixed illumination time; and
further comprising a user interface having at least one input
device and at least one output device.

32. A photodynamic therapy lamp, comprising two lamp
modules supported on a common support arm, each lamp
module comprising atwo-dimensional array of LEDs, each of
the lamp modules being configured to be movable only within
arange defined between a first position and a second position,
the first position defining an angle between the lamp modules
from 157 degrees to 180 degrees, and the second position
defining the angle between the lamp modules from 50 degrees
to 70 degrees, and each of the lamp modules including lock-
ing elements configured to selectively lock the lamp modules
in either the first position or the second position.

#* #* #* #* #*



