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Description
Field of the Invention

[0001] The invention relates generally to a system for
therapy and diagnosis in a subject. More particularly, the
system relates to a system for tumour therapy and diag-
nosis in a human or animal. Even more particularly, the
invention relates to a system for interactive photodynam-
ic therapy (PDT) and/or photothermal therapy (PTT)
and/or photodynamic diagnosis (PDD) of a site on and/or
in a human or animal, wherein light is conducted to the
site for reaction with the light, wherein the system com-
prises a distributor of light from at least one light source
to a reaction site, and from the reaction site to at least
one light sensor, respectively, and wherein the reaction
site is a tumour site with a tumour, such as a malignant
tumour.

Background of the Invention

[0002] Within the field of medical therapy of tumour
diseases, a plurality of treatment modalities has been
developed for the treatment of malignant tumour diseas-
es: operation, cytostatic treatment, treatment with ionis-
ing radiation (gamma or particle radiation), isotope ther-
apy and brachytherapy employing radioactive needles
are examples of common treatment modalities. In spite
of great progress within therapy, the tumour diseases
continue to account for much human suffering, and are
responsible for a high percentage of deaths in western
countries. A relatively new treatment modality, photody-
namic therapy, commonly abbreviated PDT, provides an
interesting complement or alternative in the treatment
field. A tumour-seeking agent, normally referred to as a
precursor or sensitizer, is administered to the body e.g.
intravenously, orally or topically. It generally accumulates
in malignant tumours to a higher extent than in the sur-
rounding healthy tissue. The tumour area is then irradi-
ated with non-thermal red light, normally from a laser,
leading to excitation of the sensitizer to a more energetic
state. Through energy transfer from the activated sensi-
tizer to the oxygen molecules of the tissue, the oxygen
is transferred from its normal triplet state to the excited
singlet state. Singlet oxygen is known to be particularly
toxic to tissue; cells are eradicated and the tissue goes
in necrosis. Because of the localisation of the sensitizer
to tumour cells a unique selectivity is obtained, where
surrounding healthy tissue is spared. The clinical expe-
riences, using in particular haematoporphyrin derivative
(HPD) and delta aminolevulinic acid (ALA) have shown
good results.

[0003] Sensitizers may also exhibit a further useful
property; when the substance is excited with visible or
ultraviolet radiation, it will yield a characteristic fluores-
cence signal, shifted towards longer wavelengths. This
signal clearly appears in contrast to the endogenous flu-
orescence of the tissue, which is also called autofluores-
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cence, and is used to localise tumours and for quantifying
the size of the uptake of the sensitizer in the tissue.
[0004] The limited penetration in the tissue of the ac-
tivating radiation is a big drawback of PDT. The result is
that only tumours less than about 5 mm thickness can
be treated by surface irradiation. In order to treat thicker
and/or deep-lying tumours, interstitial PDT (IPDT) can
be utilised. Here, light-conducting optical fibres are
brought into the tumour using, e.g. a syringe needle, in
the lumen of which a fibre has been placed.

[0005] In order to achieve an efficient treatment, sev-
eral fibres have been used to ascertain that all tumour
cells are subjected to a sufficient dose of light so that the
toxic singlet state is obtained. It has been shown to be
achievable to perform dose calculations of the absorptive
and scattering properties of the tissue. E.g., in the Swed-
ish patent SE 503 408 an IPDT system is described,
where six fibres are used for treatment as well as for
measurement of the light flux which reaches a given fibre
in the penetration through the tissue from the other fibres.
In this way an improved calculation of the correct light
dose can be achieved for all parts of the tumour.
[0006] According to the disclosure of SE 503 408, the
light from a single laser is divided into six different parts
using a beamsplitter system comprising a large number
of mechanical and optical components. The light is then
focused into each of the six individual treatment fibres.
One fibre is used as a transmitter while the other fibres
are used as receivers of radiation penetrating the tissue.
For light measurement light detectors are mechanically
swung into the beam path which thus is blocked, and the
weak light, which originates from the fibres that collected
the light which is administered to the tissue, is measured.
[0007] However, such open beam paths result in a
strongly lossy beamsplitting and the resulting losses of
light drastically impair the light distribution as well as the
light measurement. Furthermore, such a system must
often be adjusted optically, which is also an important
drawback in connection with clinical treatments. The sys-
tem is also large and heavy and difficult to integrate into
a user-friendly apparatus. Moreover, it is difficult to con-
trol the power of the light sent into each individual fibre,
which makes the measurement results unreliable.
[0008] A solution to these problems has been pro-
posed in PCT/SE02/02050, wherein a distributor for ra-
diation having two discs rotating relative each other is
described. The radiation distributor couples optical fibres
between different operation modes. For switching be-
tween several light sources to one fibre going to the pa-
tient, an assembly with a total of four discs is described.
Thereis aneed to further reduce the size of the described
solution in order to further minimise the size of the sys-
tem.

[0009] EP-A1-0523417 discloses a pipeline switch for
distribution of radioactive emitters and/or test objects for
radiotherapy, i.e. radioactive radiation treatment of a
body. The emitters or test objects are conveyed within
pipelines on flexible wires movable within the conduit.
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First pipes for conveying the flexible wires to the switch
are on the one hand connected to a moveable switch
element and second pipes further conveying the flexible
wires to the body connected to a second, stationary
switch element. The two switch elements are moveable
relative each other and different constellations of pipe-
lines are thus possible. However, when changing from
one constellation to another, the flexible wire has to be
retracted between each switching process, otherwise the
relative movement of the switch element is obstructed.
Switching times and treatment times are thus very long.
Furthermore, the pipelines are not suitable for conducting
radiation themselves, they just provide external protec-
tion and guidance to the flexible wires conveyed therein.
The construction is also bulky and not suited for small
optical fibres. Moreover, the arrangement of the disclo-
sure is not suited for diagnosis, only for therapy, and no
interactive co-operation is disclosed.

[0010] EP-A2-0280397 discloses a sterilizable endo-
scope having a central coherent fibre bundle for carrying
an image to a viewing means. The fibre bundle is further
surrounded by a large number of light fibres. The proxi-
mate end of the endoscope is provided with a coupling
means for aligning the optical fibre bundle with the optical
system of the viewing means and for providing an inter-
face with light transmitting means to transmit light from
a light source along the light fibres to a body cavity to be
inspected. The device can be used for detection of cancer
cells and treatment thereof by phototherapy. A dye is
administered to the tissue being examined and subse-
quently exposed to an exciting laser light frequency. Can-
cer cells will emit fluorescent light which is detected and
displayed on the video monitor and the same light fre-
quency as this fluorescent light is then transmitted
through the light fibres to the cell for phototherapy treat-
ment. However, only the use of a single wavelength light
source is disclosed, itis thus not possible to have multiple
diagnostics performed without manually exchanging the
light source. Moreover, it is not possible to switch be-
tween different constellations of the light fibres, i.e. all
fibres always have the same function (light in or light out).
The coupling means mentioned in EP-A2-0280397 is on-
ly used to adjust the path of light through a two-part en-
doscope when it is assembled prior to use. In addition,
different fibres are used for directing therapeutic light to
a cancer location and to direct diagnostic light back
through the endoscope no distribution is performed be-
tween different operating modes. This solution offers for
instance no neither interactive treatment nor mapping of
tumours.

[0011] T. JOHANSSON ET AL.: "Feasibility Study of
a System for Combined Light Dosimetry and Interstitial
Photodynamic Treatment of Massive Tumors" APPLIED
OPTICS, vol. 41, no. 7,1 March 2002 (2002-03-01), pag-
es 1462-1468, discloses a system for the photodynamic
laser treatment of massive tumors that employs multiple
optical fibers to be inserted into the tumor mass. The light
flux through the tumor can be assessed by use of the
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individual fibers both as transmitters and receivers. The
light flux measuring assembly comprises a beam splitting
unit and photodiodes which can be rotated into the light
path of the incoming light from the treatment fibers. The
preamble of claim 1 is based on the disclosure of this
document.

[0012] Thus, thereis a need for a new compact device
allowing distributing of light in a system for therapy and
diagnosis in a human or animal, wherein the therapy and
diagnosis comprises PDT, PTT, and PDD. Moreover, a
further problem to be solved by the invention is to provide
an alternative solution with regard to the prior art.

Summary of the Invention

[0013] The present invention overcomes the above
identified deficiencies in the art and solves at least the
above identified problems by providing a system accord-
ing to the appended patent claims, wherein a very prac-
tical and efficient implementation of interactive IPDT is
achieved in that different optical measurements for diag-
nostics and dosimetry can be performed in an integrated
and simple way. An important application of the invention
is interactive, interstitial photodynamic therapy, and/or
interactive photothermal tumour therapy. According to
the invention, the size of a system using existing optical
radiation distributors, such as described in
PCT/SE02/02050 is further reduced. Moreover, the in-
vention allows such an existing optical radiation distrib-
utor to improve switching functionality with a reduced
overall size of such a distributor. Losses for diagnostic
light are reduced as at least one site of attenuation, i.e.
one extra switch, is eliminated according to one embod-
iment of the invention. The invention offers also in-
creased flexibility and reduces the influence of mechan-
ical tolerances. Furthermore, the invention is an alterna-
tive solution to the problems and drawbacks associated
with the systems according to the

prior art.

[0014] The term "radiation" used hereinafter in this
specification refers to radiation suitable for the field of
the invention, i.e. for photodynamic therapy (PDT) and/or
photothermal therapy (PTT) and/or photodynamic diag-
nosis (PDD). More specifically this radiation is "optical"
radiation, i.e. non-ionising electromagnetical radiation
within the wavelength-range of infrared (IR), visible or
ultraviolet light. This also concerns radiation sources, ra-
diation conductors, radiation sensors, radiation switches
etc. within the scope of the embodiments and claims de-
fining the invention, i.e. these sources, conductors or
sensors for "radiation" are adapted to generate, conduct,
measure, etc. the above-mentioned non-ionising radia-
tion.

[0015] According to one aspect of the invention, a sys-
tem for therapy and/or diagnosis of a human or animal
comprises at least one radiation distributor, which com-
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prises at least one longitudinal translatory displacement
element, such as a sliding sledge, having preferably at
least two parts translatory displaceable relative each oth-
er for coupling a plurality of radiation conductors in dif-
ferent constellations for different operating modes of the
system. Switching between the different constellations
for different operating modes of the system is carried out
by displacing at least one longitudinal translatory ele-
ment, i.e. by motion of the longitudinal translatory ele-
ment along its longitudinal axis relative the other part.
Thus operations such as coupling of one radiation source
to a single output radiation conductor and/or coupling of
a plurality of radiation conductors from a site in a human
or animal to at least one radiation detector are accom-
plished in an effective way by means of a system com-
prising a compact translatory switching device.

[0016] One longitudinal translatory displacement de-
vice element may be fixed and the other movable or both
are movable relative each other, e.g. with relation to a
fixed housing.

Brief Description of the Drawings

[0017] In order to explain the invention more detailed,
a number of embodiments of the invention will be de-
scribed below with reference to the appended drawings,
wherein

Fig. 1is a schematic view illustrating an embodiment
of the invention in the tumour therapeutic mode, in
a system according to the invention, wherein light
guides are arranged interstitially inserted in a tu-
mour;

Fig. 2 is a schematic view illustrating another em-
bodiment of the invention in the tumour diagnostic
mode;

Fig. 3 is a schematic view of the embodiment ac-
cording to Fig. 2 in another diagnostic mode;

Fig. 4 is a schematic view illustrating a further em-
bodiment of the system according to the invention
with a radiation distributor coupling a radiation de-
tector in diagnostic mode;

Fig. 5 is a schematic view illustrating yet another
embodiment of the invention in use of the system
according to the invention, with a longitudinal trans-
latory radiation distributor integrated in a rotatable
radiation distributor;

Fig. 6 is a schematic view showing the embodiment
of Fig. 5 in a diagnostic mode;

Fig. 7 is a schematic view showing the embodiment
of Fig. 5 with discs of the rotatable radiation distrib-
utor taken apart;

Fig. 8 is a schematic view illustrating the radiation
distributors of Fig. 5 in use;

Fig. 9 is a planar top view over a longitudinal trans-
latory radiation distribution element with holes for re-
ceiving light guides arranged in said element; and
Fig. 10 are schematic graphs illustrating diagnostic
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measurements at different points of time during a
tumour treatment performed with a practical realisa-
tion of an embodiment of the system in an exemplary
practical application of the invention.

Description of embodiments

[0018] Fig. 1 is a schematic view illustrating an em-
bodiment of the invention in a system according to the
invention. In order to simplify the description of the em-
bodiments, reference numerals for similar elements
shown in the figures are not repeated in all figures. An
embodiment 100 of the distributor of the system accord-
ing to the invention is now described with reference to
Figs. 1-4 and Fig. 9. A distributor 1 for radiation comprises
two substantially in close proximity to each other lying
longitudinal longitudinal translatory elements made of,
e.g. 1 cm thick steel or a some mm thick composite ma-
terial, depending on different parameters, such as the
way of fastening the radiation conductors to the transla-
tory elements. When a contact element, such as conven-
tional optical fibre couplings are used for fixing the radi-
ation conductors to the longitudinal translatory elements,
these couplings ensure the mechanical stability and de-
fine the size of the elements. In case the radiation con-
ductors are optical fibres directly attached to the longitu-
dinal translatory elements, the elements are more com-
pact. In the case of a micromechanical realisation of the
longitudinal translatory elements, even smaller dimen-
sions are obtained. The longitudinal translatory elements
are hereby arranged in such a manner that they may
move longitudinally translatory relative to each other in
such a manner that a plurality of radiation conductors
144-146 or 102a-102f, 131a-131j, 160 respectively, in
the form of optical fibres, being fixed to holes 2 in the first
longitudinal translatory element 110, 150 are coupled to
a second plurality of fibres 160 or 120a-120f respectively,
being fixed to holes 2 in the second longitudinal transla-
tory element 111, 151, by appropriately positioning the
two elements relative to each other. The system 100
shown in Fig. 1 comprises two such radiation distributors
A and B comprising the longitudinal translatory elements
110, 111, 150, 151. These elements are shown as lon-
gitudinal elements in Figs. 1 to 4. Furthermore, at least
one of the elements may be integrated into a housing
etc. The elements may be sledges, for coupling either
treatment radiation or diagnostic radiation conducted
through the radiation conductors to a patient.

[0019] In the diagnostic position radiation is coupled
to at least one radiation detector 130. The diagnostic part
of system 100 comprises a 2-1, 3-1, ..., n-1 radiation dis-
tributor A, wherein n is the number of diagnostic light
sources 141, 142, 143. The radiation distributor consists
of two translatory displaceable elements 150, 151. Each
of the two elements is displaceable with relation to the
other translatory element, in such a manner that one di-
agnostic radiation source at a time is coupled to radiation
conductor 160 and further to the site in the patient to be
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treated via a second radiation distributor B. This diag-
nostic mode will be described in more detail below, with
reference to Figs. 2 and 3. Furthermore a plurality of di-
agnostic radiation sources may be used simultaneously.
In this case several diagnostic radiation sources may be
modulated, so that the diagnostic radiation may be de-
tected simultaneously by means of e.g. a lock-in method
or by multiplexing the signals, wherein the therapeutic
radiation preferably is shut off in diagnostic mode.
[0020] A main radiation distributor B comprises two
translatory elements 110, 111. The two translatory ele-
ments 110, 111 are displaceable with relation to the other
translatory element, as indicated by the arrows 105, 106.
The displacement is controlled in such a manner that a
plurality of radiation conductors 120a-120f lead radiation
to and from a tumour site in a patient. Main radiation
distributor B switches between the diagnostic operation
modes and the therapeutic operation mode. The radia-
tion conductors 120a-120f leading to and from the patient
are fixed to the translatory element 111. The translatory
element 110 of the main radiation distributor B comprises
a (3N-1) to N radiation distributor, wherein N is the
number of radiation conductors 120a-120f to/from the
patient fixed in translatory element 111 and (3N-1) is the
number of radiation conductors fixed in translatory ele-
ment 110 of which N are radiation distributors 102a-102f
coupled to light sources 101a-101f and 2(N-1) are radi-
ation distributors 131a-131j coupled to radiation detector
130, and one, 160, is coupled to the diagnostic radiation
source 240.

[0021] In the therapeutic mode, B is adjusted in such
a manner, as shown in Fig. 1. Treatment radiation orig-
inating from the radiation sources 101a-101f is coupled
to radiation conductors 102a-102f. These radiation con-
ductors, are optical fibres and are coupled to translatory
displacement element 110. Element 110 is aligned with
translatory displacement element 111 in such a manner
that the light from light sources 101a-101f is coupled to
radiation conductors 120a-120f and further to the treat-
ment site in the patient.

[0022] In diagnostic mode the radiation distributor A is
adjusted such that one of diagnostic radiation sources
141, 142, 143 is coupled to radiation conductor 160. Al-
ternatively, only one diagnostic radiation source is used
in the system, as shown in Figs. 2 and 3. Main radiation
distributor B is in diagnostic mode adjusted such thatone
ofthe N patient fibres 120a-120fis coupled to a diagnostic
radiation source by means of radiation conductor 160.
This is accomplished by transversally sliding the trans-
lator elements 110, 111 relative each other, as indicated
by arrows 205, 206. The radiation, which is being trans-
mitted back from the site in the patient through the re-
maining (N-1) radiation conductors from the plurality of
radiation conductors 120a-120f, is also called diagnostic
radiation. This diagnostic radiation is coupled to (N-1)
radiation conductors from a plurality of radiation conduc-
tors 131a-131jleading to the radiation detector 130. Sub-
sequently, the radiation distributor B is adjusted in such
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a way that another of the N patient radiation conductor
120a-120f is coupled to diagnostic radiation emitting fibre
160. This isaccomplished by once again sliding the trans-
lator elements 110, 111 transversally relative each other,
as indicated by arrows 305, 306. In this way another set
of (N-1) radiation conductors is coupled to (N-1) radiation
conductors from a plurality of radiation conductors 131a-
131j leading to the radiation detector 130. This is repeat-
ed N times, until all N coupling combinations of radiation
conductor 160 to the N patient radiation conductors, is
accomplished. In case a plurality of n diagnostic radiation
sources is present in the system, the N measurements
are carried out with each of the n radiation sources, which
results in (N*n) diagnostic measurements, each meas-
urement delivering (N-1) measurement values. Alterna-
tively to the sequence described above, the n radiation
sources are applied subsequently, before switching to
the next input radiation conductor to the patient. The de-
tector may be a single detector or a plurality of detectors
or an array detector.

[0023] Fig. 4 is a schematic view over another embod-
iment according to a system of the invention, wherein a
further radiation distributor C is used for minimising the
number of radiation conductors leading to detector 430.
Distributor C comprises two translatory elements 470,
471. The two translatory elements 470, 471 are displace-
able with relation to the other translatory element respec-
tively. A plurality of (N-1) radiation conductors 431a-
431e, corresponding to the (N-1) radiation conductors
conducting diagnostic radiation from the patient, are fixed
to the translatory element 470 and lead to the detector
430. 2*(N-1) radiation conductors 131a-131j (as shown
in Fig. 1 being connected to element 110 and detector
130, respectively) lead in this case from the translatory
element 110 to the translatory element 471. Radiation
distributor C is adjusted in such a manner that only the
active (N-1) radiation conductors of the plurality of con-
ductors 131a-131j are couple to the detector 430 through
radiation conductors 431a-431e. Alternatively, the trans-
latory element 471 may be integrated with the translatory
element 110 and the translatory element 470 may be
integrated with the translatory element 111 (not shown
in the Figs.). In this way, the one and same translator
may be used for therapy and diagostic measurements.

[0024] N =6 and n = 3inthe exemplary embodiments
given above. However, other numbers of N and n are
equally possible.

[0025] For calibration purposes of at least the mechan-
ical part of the system according to the present invention,
a 7th hole may be present in translator 111. Preferably
this hole is located exactly between radiation conductor
120d and 120c on translator 111, with reference to the
linear translator shown in Figs. 1-4. Concerning the disc
510 shown in Figs. 5-8, the 7th hole is preferably located
anywhere in between holes 513 on the disc 510. The
seventh hole is used to exactly define the position of an
input radiation conductor in a hole on the opposite ele-
ment of an radiation distributor. The seventh hole is either
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directly equipped with an radiation sensor or connected
to a radiation sensor for detecting radiation transmitted
from an radiation conductor facing the seventh hole from
the opposite side. In this way the positioning of the ele-
ments of a radiation distributor may be calibrated. For
instance the position of the seventh hole may be used to
zero the position of stepping motors driving these ele-
ments. The seventh hole may equally be used to calibrate
the position of translatory element 550 or any other trans-
latory element of the system according to the invention
in the same way.

[0026] For calibration purposes of the entire system
according to the invention, including the radiation part,
the overall performance of the system is recorded prior
to the treatment by direct measurements on a calibrated
tissue phantom made of, e.g., a sterile intralipid-water
solution or a sterile solid phantom made of, e.g., Delrin®.
The performance of the therapeutic radiation sources
may either be monitored by internal and/or external pow-
er meters.

[0027] Another embodiment of the distributor of the
system according to the invention is now described with
reference to Figs. 5-8. In this case, the longitudinally
translatory elementis integrated with another disc-based
rotatable distributor, resulting in a more compact device
compared to the prior art. In more detail, a disc-shaped
distributor 500 comprises two flat and in proximity lying
discs made of, e.g. 1 cm thick material such as steel,
aluminium/titanium/magnesium, a composite material
etc. The lighter the material is, the faster rotation of the
discs between fixed positions is possible, while it is im-
portant that the discs at the same time are rigid and pref-
erably durable. Discs of e.g. composite material are gen-
erally thinner than steel discs, e.g. some mm. The discs
are hereby arranged on an axis 614, wherein one of the
discs is a fixed disc 511 and the other one is a turnable
disc 510, wherein the terms "fixed" and "turnable" are
merely for the purpose of simplifying the present descrip-
tion. However, in order to simplify understanding of the
function of distributor 500, disc 511 is exemplary defined
as "fixed" and disc 510 is exemplary defined as "turnable"
in the remainder of this description. In general, the two
discs 510, 511 are rotatable relative each other. In use
the discs 510 and 511 are arranged in close proximity
against each other, as shown in Fig. 6 and Fig. 8 and for
illustrative purposes separated from each other, as
shown in Fig. 5 and Fig. 7.

[0028] Evenly distributed holes 513 lying on a circle
are arranged in both discs (Fig. 7) for fixation of radiation
conductors 520 (referenced to an exemplary single radi-
ation conductor of the plurality of fibres on the right of
disc 510 in Fig. 5), 530, 540. Preferably the diameter of
the holes is 0.1 - 0.7 mm in case the radiation conductors
are optical fibres directly attached to the disc. In order to
attain a high precision, allowing the light conductors to
be arranged exactly face to face, the holes of the two
discs can be drilled together, e.g. with a centring tube.
Alternatively, high precision cutter or drilling machines
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may be used for producing the discs or any other me-
chanical elements mentioned in this description. Then
the common axis 614 is utilised arranged at centrally lo-
cated holes, exemplary referenced to as 512, of the discs
510, 511. It is thus possible to achieve a very high pre-
cision when making the series of holes.

[0029] By employing discs drilled together, radiation
conductors can be fixed in said discs, wherein an extra,
thinner disc then can be turned slightly, preferably spring-
loaded, so that all radiation conductors are simultane-
ously pinched in their positions without the need for any
glue or other fixation means. Alternatively, the diameter
of the holes is made larger than the diameter of the ra-
diation conductors, wherein the holes can be dressed
with an appropriate piece of tubing, or the ends of the
radiation conductors can be supplied with a fitted hose.
Alternatively, the ends of the radiation conductors can
be flared or flanged into the holes or the holes may be
equipped with appropriate SMA connector or other type
of connectors for receiving radiation conductors. The
same principle applies to the holes 2 and fixation of ra-
diation conductors in the translatory radiation distributors
as described with reference to the previous embodiments
or the current embodiment.

[0030] The radiation conductors are optical fibres,
wherein different types of hoses or flexible tubes contain-
ing a radiation-conducting material are included. The ra-
diation conductors should have such a length and be
arranged in such a way that the discs can be turned a
full turn (+-180 degrees) without problems. The direction
of movement may be reversed to avoid the radiation con-
ductors forming a spiral. The same principle applies to
the translatory elements disclosed in this description,
wherein the radiation conductors connected to the trans-
latory elements should have such a length that the func-
tion of the translatory elements or the radiation conduc-
tors is not negatively influenced. Moreover, the length of
the radiation conductors should be sufficiently long, that
the positioning of the distal ends of the patient radiation
conductors are not negatively influenced.

[0031] According to this embodiment of the invention,
a plurality of first conductors 520 in a system for PDD,
PDT and PTT are arranged in turnable disc 510 for con-
duction of radiation to and from a reaction site 801. By a
reaction site we in the present context mean a site where
photodynamically active compounds will react in a tu-
mour when subject to therapy e.g., by being forwarded
through the lumen of injection needles which are placed
in the tumour, these radiation conductors 520 are then
fixed in the reaction site 801. Then the radiation conduc-
tors are moved forward to arrive outside the distal end
of the needle in the tumour tissue. The same light con-
ductor 520 is used continuously during the treatment for
integrated diagnostics and dosimetry (therapy) as well
asto avoid that the patient be subjected to multiple pricks.
[0032] The holes 513 in the turnable disc 510 as well
as in the fixed disc 511 are arranged on a circular line,
wherein the circle radius on one disc equals the circle
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radius on the other disc. The holes on the turnable disc
510 are equally distributed along the circle line with an
angular separation of v, = (360/n,) degrees, where n;,
equals the number of holes, and the holes of the other,
fixed disc 511 are equally distributed along the circle line
with an angular separation v, equalling (360/n,) degrees.
The first ends of the first radiation conductors 520 are
fixed in the holes of the turnable disc 510, and first ends
of the second radiation conductors 530, 540 are fixed in
the holes of the fixed disc 511. In order to make the holes,
and thereby the radiation conductors in both discs con-
nectable to each other in different constellations by turn-
ing of the turnable disc 510, n, is selected to be a multiple
of ny, in such a way that n, is obtained as an integer
larger or equal to 1. Suitably the number of holes in the
fixed disc is chosen from two to more than six, e.g. two,
three, four, five, six, seven, eight, nine or ten.

[0033] According to the currently described embodi-
ment, six holes are arranged in the turnable disc 510 and
twelve holes are arranged in the fixed disc 511, wherein,
as mentioned above, the terms "fixed" and "turnable" are
merely for explanatory reasons in order to simplify the
description of the two discs being rotatable relative each
other. With six first radiation conductors 520 the angular
separation of the holes will accordingly become 60 de-
grees in the turnable disc 510 and with twelve holes ar-
ranged in the fixed disc 511 the angular separation will
become 30 degrees for the second radiation conductors
540, 530.

[0034] According to the invention, a translatory sliding
element 550 is arranged in the fixed disc 511 of the de-
scribed system. The sliding element 550 is arranged in
disc 511 such that it may be displaced radially outwards
on disc 511 by a substantially radially translatory move-
ment, as indicated by the arrow 551. Sliding element 550
receives radiation conductors, similarly as described
above with reference to the attachment of fibres in the
discs. Element 550 locks in place in such a position that
transmission of radiation from one of radiation conductor
563, 564, 565 to a corresponding radiation conductor 520
is as little obstructed as possible, depending on the cur-
rently active radiation source 560, 561 or 562. In that way
it is made possible to couple one radiation conductor at
a time (564 in Fig. 5) from a plurality of radiation conduc-
tors 563, 564, 565 to a corresponding radiation conductor
(reference numeral 520 in Fig. 5) in the turnable disc 510.
[0035] In order to facilitate the comprehension of the
invention the following description of a preferred embod-
iment of the distributor of the system according to the
invention relates to six first radiation conductors 520 ar-
ranged in the turnable disc 510 for conduction of radiation
to and from the reaction site 801.

[0036] Thus, the fixed disc 511, as well as the turnable
disc 510, have six holes 513 for corresponding second
radiation conductors, and, for fixed disc 511, in addition,
six further holes for second radiation conductors. All
these radiation conductors can release radiation to the
reaction site 801 and receive radiation from said site.
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Thus, several measurements can be recorded and read
out simultaneously.

[0037] By turning the turnable disc 510 the first and
the second radiation conductors become connectable to
each other in different constellations. An exact position-
ing of the opposing radiation conductors in the distributor
500 is facilitated by arranging means for stopping the
turnable disc 510 in pre-determined angular positions,
for instance, grooves may be arranged in the axis 614
for catching a spring-loaded ball arranged in the turnable
disc 510 (not shown in the Figs.) or an angular detector
on the rotatable disc can be used. Alternatively electronic
regulation using stepper motors or servo motors may be
used for this purpose, also in combination with the above
described "seventh hole" method.

[0038] In order to allow a fast and efficient switching
between a diagnostic mode and a therapeutic mode, eve-
ry second of the second radiation conductors of the dis-
tributor 500 according to the invention, are divided into
a first and into a second series. Both series of holes are
arranged on the same circle, but displaced by 30 degrees
with regard to each other. A specific radiation conductor
in the first series of every other second radiation conduc-
tor is arranged for emitting radiation from at least one
radiation source. The other, non specific radiation con-
ductors in the first series of second radiation conductors
are arranged for conduction of radiation to at least one
radiation sensor 610. The second series of every other
second radiation conductor is for therapeutical purposes
arranged to emit radiation to the reaction site 801 from
at least one radiation source.

[0039] The radiation conductors are optical fibres,
which in the distributor 500 shown in Figs. 5-8 are con-
nected to the fixed disc 511 as well as the turnable disc
510. Out of the radiation conductors, which are connect-
ed to the fixed disc 511, six radiation conductors can be
used for diagnostic purposes and six can be used of ther-
apeutical purposes. However, in the diagnostic mode,
radiation from one to more than three modalities 560,
561, 562 can be employed.

[0040] With reference to Figs. 5-6 only the presently
described radiation conductors which are coupled to a
turnable disc are for clarifying purposes shown; the other
radiation conductors are not shown although they are
coupled to said disc, as shown in Figs. 7 and 8.

[0041] By turning the turnable disc 510 by 30 degrees
the radiation conductor 520 which are optically coupled
to the tissue of the patient can be employed for therapy
as well as diagnostics and measurements. One out of
every second radiation conductor fixed on disc 511 is in
the diagnostic mode connected to different radiation
sources for diagnostics, while the other five radiation con-
ductors receive signals, which are related to the interac-
tion of these radiation sources with the tissue. Radiation
conductors 540 (not all six shown in Fig. 5) are connected
to therapeutic radiation sources, e.g. lasers, whereas ra-
diation conductors 530 are connected to radiation detec-
tors. Radiation conductors 563-565 are coupled to diag-
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nostic radiation sources 560-562.

[0042] Since intensity as well as spectral resolution is
of interest, the distal ends of these five radiation conduc-
tors 640 are arranged in a slit-like arrangement so that
they overlap the entrance slit and/or constitute the en-
trance slit of the radiation sensor 610, which may be a
compact spectrometer or other type of detector and is
supplied with a two-dimensional detector array or one to
several one dimensional detector arrays. The recording
range of the spectrometer is preferably within the range
400 to 900 nm. Each of the radiation conductors 530 can
of course be connected to an individual radiation detector
610 in the form of a spectrometer or another type of de-
tector, e.g. a compact integrated spectrometer.

[0043] With reference to Fig. 6, the assembly 600 is
shown with the two discs 510, 511 on a common axle
614 and the translatory element 550 for switching be-
tween different diagnostic radiation sources is integrated
in disc 511. In this way a more compact and robust con-
struction is obtained compared to other solutions having
an external radiation distributor for switching between
the diagnostic radiation sources.

[0044] Preferably one of the radiation sources 560,
561, 562 is a laser of the same wavelength as the ones
utilised for the laser irradiation for photodynamic tumour
therapy, but could be of lower output power. Suitable
filters can be arranged on radiation distributor 550, to be
moved into the light path of the radiation sensor 610 in
order to secure that the correct dynamic range is utilised
for all measurement tasks.

[0045] Certain of the radiation sources 560, 561, 562
are utilised in order to study how radiation (light) of the
corresponding wavelength is penetrating through the tis-
sue of the tumour. When radiation from a radiation source
is transmitted through the particular radiation conductor
via radiation distributor 550 and the discs 511, 510 into
the tissue, one of the first radiation conductors 520, which
is the one opposing the radiation conductor in the distrib-
utor 550, will function as a transmitter in the tumour, and
the other five radiation conductors 520 in the tumour will
act as receivers and collect the diffuse flux of light reach-
ing them. The radiation collected is again conducted via
the discs 510, 511 and via radiation conductors 640
(whereof two conductors are shown in Fig. 5 at 530) to
the radiation sensor 610 and five different light intensities
can be recorded on the detector/detectors/detector ar-
ray.

[0046] When the turnable disc 510 is turned by 60 de-
grees, the next radiation conductor 520 to the patient will
get the role as transmitter, and the five others become
the receivers for a new light distribution. After four further
turns of the turnable disc 510, each by 60 degrees to the
following radiation conductor 520 in the patient, radiation
flux data for all remaining combinations of transmitters/
receivers have been recorded. Thus, in total 6 x 5 = 30
measurement values are obtained and can be used as
input data for a tomographic modelling of the radiation
dose build up in the different parts of the tumour during
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the course of the treatment. Furthermore, by switching
through the three light sources 560-562, by means of
longitudinally translatory moving radiation distributor 550
in a substantially radial direction in the fixed disc 511,
these 30 measurement values are multiplied by the
number of radiation sources 560, 561, 562, resulting in
90 tomographic measurement values.

[0047] In addition to a specific wavelength, radiation
from a white light source and/or broadband light emitting
diodes and/or line light sources can be coupled into the
particular active light conductor in radiation distributor
550. On passage through the tissue to the receiving ra-
diation conductor 520 in the patient, the well-defined
spectral distribution of the radiation source will be mod-
ified by the tissue absorption. Then, oxygenated blood
yields a different signature than non oxygenated blood,
allowing a tomographic determination of the oxygen dis-
tribution utilising the thirty different spectral distributions
which are read out, five spectra at a time in the six pos-
sible different constellations on rotation of the turnable
disc 510 during a diagnostic investigation. Such a deter-
mination of the oxygenation in the tumour is important,
since the PDT process generally requires access to ox-
ygen in the tissue.

[0048] Finally,alightsource forblue/violetor ultraviolet
light, e.g. a laser, can be coupled to the particular active
radiation conductor in radiation distributor 550. Then flu-
orescence is induced in the tissue, and a sensitizer ad-
ministered to the tissue displays a characteristic red flu-
orescence distribution in the red/near-infrared spectral
region. The strength of the corresponding signal allows
a quantification of the sensitizer level in the tissue.
[0049] Since the short wavelength light has a very low
penetration into the tissue, the induced fluorescence will
only be measured locally at the tip of the radiation con-
ductor. For this task there is in this case for the corre-
sponding radiation source 670 at the distal end of the
particular radiation conductor 661 arranged a beamsplit-
ter 660, connected via the radiation conductor 662 and
which is preferably a dichroic beamsplitter, transmitting
the exciting light but reflecting the red-shifted fluores-
cence light. This reflected radiation is focused into the
distal end of a conveying radiation conductor 662, the
other end of which is connected to the radiation sensor
610, which records the fluorescence radiation distribu-
tion. A suitable self-contained fluorosensor is described
in Rev. Sci. Instr. 71, 510004 (2000). Such a system with
dichroic beamsplitters may also in a similar way be im-
plemented by means of the translatory radiation distrib-
utor system as shown in Figs. 1-4. For instance radiation
conductor 662 may be inserted between radiation detec-
tor 130 and a dichroic beamsplitter 660 being inserted in
e.g. radiation conductor 144.

[0050] By rotating the turnable disc 510, the fluores-
cence that is proportional to the concentration of the sen-
sitiser, can be measured sequentially at the tips of the
six radiation conductors. Since the sensitizer is bleached
by the strong red treatment radiation, being particularly
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strong just around the tip of the radiation conductor 520
conducting radiation to the patient, it is essential to make
this measurement before the start of the treatment.
[0051] Ifthe tips of the radiation conductors 520, 120a-
120f in addition are treated with a material, the fluores-
cence properties of which are temperature dependent,
sharp fluorescence lines are obtained upon excitation,
and the intensity of the lines and their relative strength
depend on the temperature of the tip of the radiation con-
ductor 520,120a-120f being employed for treatment. Ex-
amples of such materials are salts of the transition metals
or the rare earth metals. Thus also the temperature can
be measured at the six positions of the six radiation con-
ductors, one at a time. The measured temperatures can
be utilised to find out if blood coagulation with an asso-
ciated radiation attenuation has occurred at the tip of the
radiation conductor 520, 120a-120f and for studies re-
garding the utilisation of possible synergy effects be-
tween PDT and thermal interaction. Since the lines ob-
tained are sharp, they can be lifted off the more broad-
banded fluorescence distribution from the tissue.
[0052] The concentration of the sensitizer can for cer-
tain substances be measured in an alternative way. Then
the red radiation used for the radiation propagation stud-
ies is used to induce near-infrared fluorescence. This flu-
orescence penetrates through the tissue to the tips of the
receiving radiation conductors 520,120a-120f, and are
displayed simultaneously as spectra obtained in the ra-
diation sensor 610, 130. A tomographic calculation of the
concentration distribution may be performed based on in
total thirty measurement values.

[0053] After diagnostic measurements and calcula-
tions have been performed, the radiation conductors 520
optically coupled to the tissue of the patients can be uti-
lised for therapy by rotation of the turnable disc 510 by
30 degrees. Therapeutic radiation sources are thus cou-
pled to the patient fibres 520. The therapeutic radiation
sources are preferably laser sources with a wavelength,
which is adapted to the absorption band of the sensitizer.
At the photodynamic tumour treatment a dye laser or a
diode laser is preferably used, with a wavelength which
is selected with regard to the sensitizer employed. For
Photofrin® the wavelength is 630 nm, for 3-aminolevulinic
acid (ALA) it is 635 nm and for phthalocyanines it is
around 670 nm. Many further sensitizers exist. The indi-
vidual lasers are regulated during the treatment to a de-
sirable individual output power. If desired, they may have
built-in or external monitoring detectors.

[0054] The therapeutical treatment can be interrupted
and new diagnostic data can be processed in an inter-
active method until an optimal treatment has been
reached. This method caninclude synergy between PDT
and hyperthermia, where an increased temperature is
reached atincreased fluxes of laser radiation. The whole
process is controlled using a computer, which does not
only perform all the calculations but also is utilised for
regulation.

[0055] Fig. 10 are schematic graphs illustrating diag-
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nostic measurements at different points of time during a
tumour treatment performed with a practical realisation
of an embodiment of the system in an exemplary practical
application of the invention.

[0056] In every of these six diagrams one fiber end is
used as an emitter and the other fiber ends act as col-
lectors. From the emitting end radiation of wavelength
633 nm is emitted and the collecting ends transmit radi-
ation to the detector(s) for quantification. All diagrams
are normalized to the first sample. In the diagram "Output
Fibre 1" is the radiation conductor 1 used as emitter and
2-6 are used as collectors. In the diagram "Output Fibre
2" is the radiation conductor 2 used as emitter and 1, and
3-6 are used as collectors, and so on. The measurements
on the individual fibres are differetniated by different
shapes of the curves. The output power from all emitting
conductors is at all times equal. These diagram shows
therefore how the transmittance of light of 633 nm wave-
length changes versus time during the treatment. As can
be seen, the transmittance is not constant during the
progress of the diagnostic measurements. This informa-
tion may also be used for enhanced diagnosis

[0057] The radiation distributors described are prefer-
ably driven by stepper motors / servo motors in order to
move between the different constellations.

[0058] Naturally, diagnosis and therapy may also be
performed at the same time, if so desired. With an ap-
propriate number of radiation conductors going to the
tumour, for instance the above mentioned six radiation
conductors for therapeutic irradiation plus four radiation
conductors for simultaneously diagnosing the effect of
the therapeutic light, itis possible to directly regulate ther-
apy in real-time. This is of particular interest when per-
forming therapy on sensitive organs that are not to be
damaged by the therapeutic optical radiation. Of course
it is a goal to only destroy tumour tissue. In the given
example, the six radiation conductors illuminate the tu-
mour tissue into which the distal ends of the six radiation
conductors are placed. The four diagnostic radiation con-
ductors are also placed into the tumour tissue at appro-
priate locations and pick up both the excitation radiation
from the therapeutic radiation conductors scattered in
the tumour tissue and the fluorescent radiation resulting
in the tumour tissue. This picked-up radiation may be
analysed in a spectrometer and be used for regulating
the therapeuticradiation source. These, for example, four
extra radiation conductors can be placed in-between the
six radiation conductors for therapeutic irradiation. When
the six radiation conductors are connected to the radia-
tion sources the four extra radiation conductors are au-
tomatically connected to the radiation detector because
of the arrangement of the translatory slides or rotating
discs.

[0059] The present invention has been described
above with reference to specific embodiments. However,
other embodiments than the preferred above are equally
possible within the scope of the appended claims. More-
over, the translatory elements may be further minimised
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by using micromechanical technologies for constructing
the elements.

[0060] Furthermore, the term "comprises/comprising"
when used in this specification does not exclude other
elements or steps, the terms "a" and "an" do not exclude
a plurality and a single processor or other units may fulfil
the functions of several of the units or circuits recited in
the claims.

Claims

1. A system (100) for interactive interstitial photody-
namic or photothermal tumour therapy or tumour di-
agnosis of a human, comprising;
at least one first light source (141-144, 101a-101f)
for emission of light within the wavelength-range of
infrared (IR), visible or ultraviolet light;
at least one light detector (130) for detection of light;
and
a plurality of optical fibres (144-146, 102a-102f,
120a-120f, 131a-131j, 160) adapted to conduct light
to or from a tumour site at or in said human, wherein
the optical fibre is in use employed as a transmitter
or a receiver for conduction of light to or from the
tumour site for therapy or diagnosis of a tumour at
the tumour site;
at least one distributor (A, B) adapted to distribute
said light from at least the first light source to the
tumour site, characterised in that the distributor
comprises at least one longitudinal translatory ele-
ment(150,151;110,111) having a plurality of said op-
tical fibres attached thereto and being arranged in
such a manner that light is coupled in different con-
stellations to or from said optical fibres for a diag-
nostic or a therapeutic mode of said system by lon-
gitudinal translatory movement of said longitudinal
translatory element along its longitudinal axis be-
tween pre-determined positions for aligning said op-
tical fibres with a corresponding coupling element
for transmitting or receiving said light to or from said
light source or said light detector.

2. The system according to claim 1, wherein said sys-
tem comprising at least one second light source for
emission of therapeutic light through at least one of
said optical fibres via said distributor via said longi-
tudinal translatory element and said corresponding
opposing coupling element to said tumour site.

3. The system according to any of the previous claims,
characterised by
a plurality of first optical fibres arranged for conduct-
ing light to or from the tumour site,
a plurality of second optical fibres arranged for de-
livering light from at least one light source or trans-
mission of light to said at least one light detector, and
wherein said distributor is a distributor for distribution
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of light from at least one light source to the tumour
site and/or from the tumour site to said least one light
detector, wherein the corresponding coupling ele-
ment is a second longitudinally translatory element,
and being arranged in such a manner that light is
coupled in different constellations by translatory
movement of a first of said translatory elements be-
tween pre-determined positions relative to the other
said translatory elements.

The system according to claim 3, characterised in
that each translatory element has holes arranged
for receiving said optical fibres and that correspond-
ing holes on the two translatory elements are equi-
distantly arranged on a straight line, and wherein
said translatory elements are configured for trans-
mitting light between the translatory elements.

The system according to claim 4, characterised in
that first ends of the first optical fibers are fixed in
the holes of a translatory displacement element and
first ends of second optical fibres are fixed in the
holes in the second translatory element, wherein the
first and the second optical fibres are connectable
to each other in different constellations through said
longitudinal translatory movement between pre-de-
termined positions of the longitudinal translatory dis-
placement element and the second translatory ele-
ment relative each other.

The system according to claim 1, characterised by
further comprising two flat discs in close proximity to
each other, wherein said discs are turnable relatively
to each other,

each disc having holes arranged on a circular line,
wherein the circle radius on one disc equals the circle
radius on the other disc and where the holes in one
disc are equally distributed on a circle line with an
angular separation of v,=(360/n,) degrees, n, being
the number of holes, and the holes in the other disc
are equally distributed on the circle line with an an-
gular separation of v,=(360/n,) degrees, wherein n,
=m x ny, and wherein m is a multiple, which yields
n, as an integer 21, and

wherein first ends of third optical fibres are fixed in
the holes of the first disc and first ends of fourth op-
tical fibres are fixed in all holes of the second disc
except for one, whereby the third and the fourth op-
tical fibres by rotation of the turnable disc relative to
the other disc are connectable to each other in dif-
ferent constellations,

and wherein said longitudinal translatory element is
arranged substantially radially outwards movable
and integrated with said other disc to couple between
a plurality of said first optical fibres to one of said
third optical fibres.

The system according to claim 6, characterised by



10.

11.

12.

13.

14.

15.

16.

17.

19

n4 being the number of holes in the first disc of the
distributor, ny = 6 and m = 2, yielding n, = 12 holes
in the second disc of the distributor.

The system according to claim 6 or 7, characterised
by every other fourth optical fibre being part of a first
series of fourth optical fibres and that an optical fibre
conductor in said first series of fourth optical fibres
conductors being arranged for emitting light from the
light source and the other optical fibres in said first
series of fourth light conductors being arranged for
transmission of light to the light detector.

The system according to claim 7 or 8, characterised
in said first optical fibres being connected to diag-
nostic light sources, such that the longitudinal trans-
latory element in said other disc couples one of said
diagnostic light sources to one of said third optical
fibres in said first disc.

The system according to any of the previous claims,
characterised by the diagnostic light source com-
prising a beamsplitter.

The system according to claim 10 characterised by
alightfibre being arranged between a dichroic beam-
splitter and the light detector.

The system according to claim 10 or 11, character-
ised by fluorescence being recorded through the
same optical fibre as the one transmitting light to the
tumour site.

The system according to claim 6-9, characterised
by the third optical fibres second ends being treated
by a material with temperature sensitive fluores-
cence emission.

The system according to claims 6 or 7, character-
ised by every second of said fourth optical fibres
being part of a second series of fourth optical fibres
arranged for emission of light from the light source.

The system according to any of claims 2 to 14, char-
acterised by the therapeutic light source being a
light source for coherent light of a single fixed wave-
length.

A system according to any of the previous claims,
characterised by the distributor including means
for locking the light distributor into pre-determined
transversal and/or azimutal positions.

The system according to claim 13, characterised
in that one or several of the optical fibres which are
treated with the material with atemperature sensitive
fluorescence emission are in use measuring the tem-
perature at the tumour site,
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18.

19.

20.

21.

22,

23.

20

that the light which is sent to the tumour site in use
is heating the tumour site, and

that the intensity of the light is controllable by the
measured temperature in order to regulate the tem-
perature of the tumour site at the individual optical
fibres.

The system according to any of the previous claims,
characterised in that said longitudinal translatory
displacement element is an optical sledge.

The system according to any of the previous claims,
characterised by at least one stepping motor or at
least one servo system for moving said elements of
said light distributor relative each other.

The system according to any of the previous claims,
characterised in that said operation modes are
modes of the system comprised in the list of: inter-
active interstitial photodynamic tumour therapy, pho-
tothermal tumour therapy using hyperthermia, and
tumour diagnostics, whereby these operation modes
in use are alternated during the same occasion of
treatment of said tumour site.

The system according to any of claims 2 to 20, char-
acterised by said operation modes of said system
comprising

adiagnostic operation mode, wherein one diagnostic
light source is coupled via a first longitudinal trans-
latory element to said first optical fibres transmitting
diagnostic light to said site and the remaining first
optical fibres are coupled to a light detector, and

a therapeutic operation mode, wherein said thera-
peutic light sources are coupled to said first optical
fibres transmitting therapeutic light to said site.

The system according to claim 21, characterised
in that at least one second longitudinal translatory
element switches between the operating modes.

The system according to claim 22, characterised
in that a third longitudinal translatory element is con-
figured to switch between a plurality of optical fibres
from said second longitudinal translatory element to
said light detector.

Patentanspriiche

1.

Ein System (100) zur interaktiven, interstitiellen Pho-
todynamik oder Photothermal Tumor Therapie oder
Tumor Diagnose am Menschen, mit

wenigstens einer ersten Lichtquelle (141-144, 101a-
101f) zur Emission von Licht im Wellenldngenbe-
reich von infrarotem (IR), sichtbarem oder ultravio-
letten Licht;

wenigstens einem Lichtdetektor (130) zum Erfassen
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von Licht;

und einer Mehrzahl von Lichtwellenleitern (144-146,
102a-102f, 120a-120f, 131a-131j, 160), geeignetum
Licht zu einem Tumorort an oder in einem Menschen
hin oder weg zu leiten, wobei der genutzte Lichtwel-
lenleiter als Sender oder Empféanger fur die Leitung
von Licht zu einem Tumorort zur Therapie oder Dia-
gnose eines Tumors an dem Tumorort hin oder weg
eingesetzt wird;

wenigstens einem Verteiler (A,B), der geeignet ist
um Licht von der wenigstens ersten Lichtquelle zu
dem Tumorort zu leiten,

dadurch gekennzeichnet, dass

der Verteiler

wenigstens ein langliches Translationselement
(150, 151, 110,111) mit einer Mehrzahl daran ange-
ordneten Lichtwellenleitern enthalt,

und das so eingerichtet ist, dass Licht in verschie-
denen Stellungen fur einen diagnostischen oder ei-
nen therapeutischen Betrieb des Systems mittels ei-
ner Langsbewegung entlang der Langsachse des
langlichen Translationselements zwischen vorbe-
stimmten Positionen, die zum Ausrichten der Licht-
wellenleiter zu einem entsprechenden Koppelele-
ment zum Senden oder Empfangen des Lichtes zu
der Lichtquelle oder dem Detektor hin oder weg da-
von dienen, zu den Lichtwellenleitern hin oder weg
gekoppelt wird

Das System gemaf Anspruch 1, mit wenigstens ei-
ner zweiten Lichtquelle zur Emission von therapeu-
tischem Licht durch wenigstens einen der Lichtwel-
lenleiter Uber den Verteiler und das langliche Trans-
lationselement und das entsprechende Koppelele-
ment zu dem Tumorort hin.

Das System gemaR einem der vorangehenden An-
spriche, mit

einer Mehrzahl erster Lichtwellenleiter angeordnet
um Licht zu einem Tumorort hin oder weg zu leiten;
einer Mehrzahl zweiter Lichtwellenleiter angeordnet
um Licht von wenigstens einer Lichtquelle zu liefern
oder Licht zu dem wenigstens einen Lichtdetektor
zu senden und

wobei der Verteiler ein Verteiler ist um Licht von we-
nigstens einer Lichtquelle zum Tumorort und / oder
vom Tumorort zu dem wenigstens einen Lichtdetek-
tor zu verteilen, wobei das entsprechende Koppel-
element ein zweites langliches Translationselement
ist und so angeordnet ist, das Licht in verschiedenen
Stellungen durch Langsbewegung des ersten der
Translationselemente zwischen vorbestimmten Po-
sitionen relativzu dem anderen Translationselement
gekoppelt wird.

Das System gemaf Anspruch 3, wobei jedes Trans-
lationselement Lécher zur Aufnahme der Lichtwel-
lenleiter aufweist und die entsprechenden Lécher
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auf den beiden Translationselementen in gleichem
Abstand auf einer geraden Linie angeordnet sind
und die Translationselemente zum Senden von Licht
zwischen den Translationselementen ausgebildet
sind.

Das System gemaR Anspruch 4, wobei erste Enden
der ersten Lichtwellenleiter in den Léchern eines
Translationselementes und erste Enden der zweiten
Lichtwellenleiter in den Léchern des zweiten Trans-
lationselements befestigt sind, wobei die ersten und
zweiten Lichtwellenleiter in verschiedenen Stellun-
gen durch die Langsbewegung zwischen vorbe-
stimmten Positionen des Translationselementes
und dem zweiten Translationselement relativ zu ein-
ander, miteinander verbindbar sind.

Das System gemaf Anspruch 1, mit

zwei flachen, nahe zueinander angeordneten Schei-
ben, wobei die Scheiben relativ zueinander drehbar
sind,

jede Scheibe weist auf einem Kreis angeordnete L6-
cher auf, wobei der Radius der Locher auf der einen
Scheibe gleich dem Radius der Locher auf der an-
deren Scheibe ist und wobei die Lécher in einer
Scheibe auf einem Kreis gleichverteilt sind auf einer
Kreislinie mit einem Winkelabstand von v, = (360 /
n4) Grad, n, ist hierbei die Anzahl der Lécher, und
die Locherin der anderen Scheibe sind gleichverteilt
auf einer Kreislinie mit einem Winkelabstand von v,
= (360 / n,) Grad, wobei n, = m x n4, und wobei m
ein Vielfaches ist, so dad n, eine Integerzahl >= 1
ergibt, und

wobei die ersten Enden der dritten Lichtwellenleiter
in den Lochern der ersten Scheibe befestigt sind und
die ersten Enden der vierten Lichtwellenleiterin allen
Léchern der zweiten Scheibe befestigt sind mit Aus-
nahme von einem, wobei die dritten und vierten
Lichtwellenleiter durch Drehung der drehbaren
Scheibe relativ zu der anderen Scheibe in verschie-
denen Stellungen miteinander verbindbar sind, und
wobei das langliche Translationselementim wesent-
lichen radial nach auen beweglich angeordnet ist
und mit der anderen Scheibe integriert ist um zwi-
schen einer Mehrzahl der ersten Lichtwellenleiter
und einer der dritten Lichtwellenleiter eine Verbin-
dung herzustellen.

Das System gemaR Anspruch 6, wobein, die Anzahl
der Locher in der ersten Scheibe des Verteilers ist,
mit ny = 6 und m = 2, ergibt n, = 12 Lécher in der
zweiten Scheibe des Verteilers.

Das System gemaf Anspruch 6 oder 7, wobei jeder
vierte Lichtwellenleiter Teil einer ersten Serie von
vierten Lichtwellenleitern ist und wobei ein Lichtwel-
lenleiter der ersten Serie von vierten Lichtwellenlei-
tern angeordnet ist, um Licht von der Lichtquelle zu
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emittieren und die anderen Lichtwellenleiter in der
ersten Serie von vierten Lichtwellenleitern angeord-
net sind, um Licht zu dem Lichtdetektor zu senden.

Das System gemafR Anspruch 7 oder 8, wobei die
ersten Lichtwellenleiter mit Diagnoselichtquellen
verbunden sind, so dass das langliche Translations-
element in der anderen Scheibe eine der Diagnose-
lichtquellen mit einem der dritten Lichtwellenleiter in
der ersten Scheibe verbindet.

Das System gemaR einem der vorangehenden An-
spriiche, wobei die Diagnoselichtquelle einen Strahl-
teiler enthalt.

Das System gemafly Anspruch 10, mit einem zwi-
schen dem dichromatischen Strahlteiler und dem
Lichtdetektor angeordneten Lichtwellenleiter.

Das System geman Anspruch 10 oder 11, wobei ei-
ne Fluoreszenz durch den gleichen Lichtwellenleiter
aufgenommen wird, der auch das Licht zum Tu-
morort sendet.

Das System gemal einem der Anspriiche 6 bis 9,
wobei die zweiten Enden der dritten Lichtwellenleiter
mit einem Material behandelt sind, das temperatur-
sensitive Fluoreszenzemission aufweist.

Das System geman Anspruch 6 oder 7, wobei jeder
zweite der vierten Lichtwellenleiter Teil einer zweiten
Serie von vierten Lichtwellenleitern ist, um Licht von
der zweiten Lichtquelle zu emittieren.

Das System gemaf einem der Anspriiche 2 bis 14,
wobei die therapeutische Lichtquelle eine Lichtquel-
le fiir koharentes Licht mit einer festen Wellenlange
ist.

Ein System gemal einem der vorangehenden An-
spriiche, bei dem der Verteiler Mittel zum Sperren
des Lichtverteilers in vorbestimmten transversalen
und/oder azimutalen Positionen aufweist.

Das System gemaR Anspruch 13, bei dem

einer oder mehrere der Lichtwellenleiter die mit dem
Material behandelt sind, welches eine temperatur-
sensitive Fluoreszenzemission aufweist, benutzt
werden die Temperatur am Tumorort zu messen,
das Licht, das zum Tumorort gesandt wird, benutzt
wird, um den Tumorort zu erwarmen und

die Intensitat des Lichts Uiber die gemessene Tem-
peratur kontrolliert wird, um die Temperatur am Tu-
morort an den einzelnen Lichtwellenleitern zu regu-
lieren.

Das System gemaR einem der vorangehenden An-
spruche, wobei das langliche Translationselement
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ein optischer Schlitten ist.

Das System gemaf einem der vorangehenden An-
spriiche mit wenigstens einem Schrittmotor oder we-
nigstens einem Servosystem zum Bewegen der
Lichtverteiler relativ zueinander.

Das System gemaf einem der vorangehenden An-
spriiche, wobei die Betriebsarten Arten des Systems
aus folgender Liste sind:

interaktive interstitielle Fotodynamik-Tumorthe-
rapie, fotothermische Tumortherapie unter Nut-
zung der Hyperthermie und Tumordiagnose,
wobei diese Betriebsarten abwechselnd wéh-
rend derselben Behandlung des Tumorortes
durchgeflihrt werden kdénnen.

Das System gemal einem der Anspriiche 2 bis 20,
wobei das System folgende Betriebsarten enthalt:

einen Diagnosebetrieb, in dem eine Diagnose-
lichtquelle Uber ein erstes langliches Translati-
onselement mit ersten Lichtwellenleitern ver-
bunden wird, die das Diagnoselicht zum Tu-
morort senden und die restlichen ersten Licht-
wellenleiter mit einem Lichtdetektor verbunden
sind, und

einen Therapiemodus, in dem die therapeuti-
schen Lichtquellen mit den ersten Lichtwellen-
leitern verbunden sind, um therapeutisches
Licht zum Tumorort zu senden.

Das System gemaR Anspruch 21, wobei wenigstens
ein zweites langliches Translationselement zwi-
schen den Betriebsarten umschaltet.

Das System gemaf Anspruch 22, bei dem ein drittes
langliches Translationselement eingerichtet ist, um
zwischen einer Mehrzahl von Lichtwellenleitern des
zweiten langlichen Translationselements zum Licht-
detektor umzuschalten.

Revendications

Systéme (100) destiné a la thérapie tumorale pho-
todynamique interstitielle interactive ou a la thérapie
tumorale photothermique ou au diagnostic de tu-
meurs chez 'lhomme, comprenant ;

au moins une premiére source lumineuse (141-144,
101a-101f) pour I'émission de lumiére dans le do-
maine des longueurs d’'onde de la lumiere infrarouge
(IR), visible ou ultraviolette ;

au moins un détecteur de lumiére (130) pour la dé-
tection de lumiére ; et

une pluralité de fibres optiques (144-146, 102a-102f,
120a-120f, 131a-131j, 160) adaptées a conduire la
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lumiére a destination et en provenance d’un site tu-
moral sur ou a l'intérieur dudit humain, dans lequel
la fibre optique fait fonction de transmetteur ou de
récepteur pour conduire la lumiére a destination ou
en provenance du site tumoral pour la thérapie ou
le diagnostic d’une tumeur sur le site tumoral ;

au moins un distributeur (A, B) adapté a distribuer
ladite lumiére a partir d’au moins la premiéere source
lumineuse a destination du site tumoral, caractérisé
en ce que le distributeur comporte au moins un élé-
ment translatoire longitudinal (150, 151 ; 110, 111)
ayant une pluralité desdites fibres optiques quiy sont
attachées et étant disposé de telle maniére que la
lumiére est couplée en différentes constellations a
destination ou en provenance desdites fibres opti-
ques pour un mode diagnostic ou thérapeutique du-
dit systeme par mouvement translatoire longitudinal
dudit élément translatoire longitudinal le long de son
axe longitudinal entre des positions prédéterminées
pour I'alignement desdites fibres optiques avec un
élément de couplage correspondant destiné a trans-
mettre ou a recevoir ladite lumiére a destination ou
en provenance de ladite source lumineuse ou dudit
détecteur de lumiére.

Systéme selon la revendication 1, dans lequel ledit
systéme comporte au moins une deuxieme source
lumineuse pour I'émission de lumiére thérapeutique
a travers au moins une desdites fibres optiques via
ledit distributeur via ledit élément translatoire longi-
tudinal et ledit élément de couplage opposé a des-
tination dudit site tumoral.

Systéme selon 'une quelconque des revendications
précédentes, caractérisé par

une pluralité de premieres fibres optiques disposées
pour conduire la lumiére a destination ou en prove-
nance du site tumoral,

une pluralité de deuxiémes fibres optiques dispo-
sées pour acheminer la lumiére en provenance d’au
moins une source lumineuse ou pour transmettre la
lumiére a destination dudit au moins un détecteur de
lumiere,

et

dans lequel ledit distributeur est un distributeur pour
la distribution de lumiére en provenance d’au moins
une source lumineuse a destination du site tumoral
et/ou en provenance du site tumoral a destination
dudit au moins un détecteur de lumiere, dans lequel
I’élément de couplage correspondant consiste en un
deuxiéme élément translatoire longitudinal, et est
disposé de telle maniere que la lumiére est couplée
en différentes constellations par le mouvement
translatoire d’'un premier desdits éléments transla-
toires entre des positions prédéterminées par rap-
port aux autres dits éléments translatoires.

Systéme selon la revendication 3, caractérisé en
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ce que chaque élément translatoire comporte des
trous disposés de maniére a recevoir lesdites fibres
optiques et en ce que les trous correspondants sur
les deux éléments translatoires sont répartis de ma-
niére équidistante sur une ligne droite, et dans lequel
lesdits éléments translatoires sont configurés afin de
transmettre la lumiére entre les éléments translatoi-
res.

Systéme selon la revendication 4, caractérisé en
ce que les premiéres extrémités des premiéres fi-
bres optiques sontfixées dans les trous d’un élément
a mouvement translatoire et les premiéres extrémi-
tés des deuxiémes fibres optiques sont fixées dans
les trous du deuxiéme élément translatoire, dans le-
quel les premiéres et les deuxiémes fibres optiques
peuvent étre connectées les unes aux autres en dif-
férentes constellations grace audit mouvement
translatoire longitudinal entre des positions prédé-
terminées de I'élément a mouvement translatoire
longitudinal et le deuxiéme élément a mouvement
translatoire longitudinal I'un par rapport a l'autre.

Systéme selon la revendication 1, caractérisé en
ce qu’il comporte en outre deux disques plats tres
proches I'un de l'autre, dans lequel lesdits disques
peuvent se déplacer en rotation I'un par rapport a
l'autre,

chaque disque comportant des trous disposés sur
une ligne circulaire, dans lequel le rayon d’un disque
est égal au rayon de l'autre disque et dans lequel
les trous dans un disque sont répartis régulierement
sur une ligne circulaire avec une séparation angu-
laire de v4=(360/n,) degrés, n, étant le nombre de
trous, et les trous dans l'autre disque sont répartis
réguliérement sur la ligne circulaire avec une sépa-
ration angulaire de v,=(360/n,) degrés, dans laquel-
le n, =m x ny, et dans laquelle m est un multiple, ce
qui donne n, comme étant un entier = 1, et

dans lequel les premiéres extrémités de troisiemes
fibres optiques sont fixées dans les trous du premier
disque et les premieres extrémités de quatriemes
fibres optiques sont fixées dans tous les trous du
deuxiéme disque a I'exception d’un, de telle sorte
que les troisiemes et quatriemes fibres optiques par
rotation du disque orientable par rapport a l'autre
disque puissent étre connectées entre elles en dif-
férentes constellations,

et dans lequel ledit élément translatoire longitudinal
est disposé sensiblement radialement vers I'exté-
rieur, amovible etintégré avec ledit autre disque pour
se coupler entre une pluralité desdites premiéres fi-
bres optiques a I'une desdites troisiemes fibres op-
tiques.

Systéme selon la revendication 6, caractérisé par
n, correspondant au nombre de trous dans le pre-
mier disque du distributeur, n; = 6 et m = 2, donnant
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n, = 12 trous dans le deuxiéme disque du distribu-
teur.

Systéme selon I'une des revendications 6 ou 7, ca-
ractérisé en ce que I'une sur deux des quatriemes
fibres optiques appartient a une premiéere série de
quatriemes fibres optiques et en ce qu’un conduc-
teur de fibres optiques dans ladite premiére série de
conducteurs de quatriemes fibres optiques est dis-
posé pour émettre de la lumiére en provenance de
la source lumineuse et les autres fibres optiques
dans ladite premiére série de quatriemes conduc-
teurs de lumiére sont disposées pour transmettre de
la lumiére a destination du détecteur de lumiére.

Systéme selon I'une des revendications 7 ou 8, ca-
ractérisé en ce que lesdites premiéres fibres opti-
ques sont connectées aux sources lumineuses de
diagnostic, de telle sorte que I'élément translatoire
longitudinal dans ledit autre disque couple I'une des-
dites sources lumineuses de diagnostic a 'une des-
dites troisiemes fibres optiques dans ledit premier
disque.

Systéme selon I'une quelconque des revendications
précédentes, caractérisé en ce que la source lu-
mineuse de diagnostic comporte un séparateur de
faisceau.

Systéme selon la revendication 10, caractérisé par
une fibre lumineuse disposée entre un séparateur
de faisceau dichroique et le détecteur de lumiére.

Systéme selon 'une des revendications 10 ou 11,
caractérisé par une fluorescence étant enregistrée
a travers la méme fibre optique que celle transmet-
tant la lumiére a destination du site tumoral.

Systéme selon 'une quelconque des revendications
6 a 9, caractérisé en ce que les deuxiémes extré-
mités des troisiemes fibres optiques sont traitées par
un matériau a émission de fluorescence sensible a
la température.

Systéme selon I'une des revendications 6 ou 7, ca-
ractérisé en ce que l'une sur deux desdites qua-
triemes fibres optiques fait partie d’'une deuxiéme
séries de quatriémes fibres optiques disposées pour
émettre de la lumiére en provenance de la source
lumineuse.

. Systéme selon I'une quelconque des revendications
2 a 14, caractérisé en ce que la source lumineuse
thérapeutique est une source lumineuse produisant
de lalumiére cohérente d’une seule longueur d’onde
donnée.

. Systéme selon I'une quelconque des revendications
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précédentes, caractérisé en ce que le distributeur
comporte des moyens permettant de verrouiller le
distributeur de lumiére dans des positions prédéter-
minées transversale et/ou azimutale.

Systéme selon la revendication 13, caractérisé en
ce que I'une ou plusieurs des fibres optiques traitées
avec le matériau a émission de fluorescence sensi-
ble a la température sont utilisées pour mesurer la
température sur le site tumoral,

en ce que la lumiére qui est envoyée vers le site
tumoral est utilisée pour chauffer le site tumoral, et
en ce que l'intensité de lalumiére peut étre contrdlée
par la température mesurée afin de réguler la tem-
pérature du site tumoral au niveau de chaque fibre
optique.

Systéme selon I'une quelconque des revendications
précédentes, caractérisé en ce que ledit élément
a mouvement translatoire longitudinal est un trai-
neau optique.

Systéme selon I'une quelconque des revendications
précédentes, caractérisé par au moins un moteur
pas a pas ou au moins un systéme d’asservissement
pour le déplacement desdits éléments dudit distri-
buteur de lumiére les uns par rapport aux autres.

Systéme selon I'une quelconque des revendications
précédentes, caractérisé en ce que lesdits modes
opératoires sont des modes du systéme figurant
dans la liste de : thérapie tumorale photodynamique
interstitielle interactive, thérapie tumorale photother-
mique utilisant 'hyperthermie, et diagnostic des tu-
meurs, selon lequel ces modes opératoires sont uti-
lisés en alternance pendant un traitement donné du-
dit site tumoral.

Systéme selon I'une quelconque des revendications
2 a 20, caractérisé en ce que lesdits modes opé-
ratoires dudit systéme comportent

un mode opératoire diagnostic, selon lequel une
source lumineuse de diagnostic est couplée par I'in-
termédiaire d’un premier élément translatoire longi-
tudinal auxdites premieres fibres optiques transmet-
tant la lumiére de diagnostic a destination dudit site
eten ce que les premiéres fibres optiques restantes
sont couplées a un détecteur de lumiere, et

un mode opératoire thérapeutique, dans lequel les-
dites sources lumineuses thérapeutiques sont cou-
plées auxdites premiéres fibres optiques transmet-
tant la lumiére thérapeutique a destination dudit site.

Systéme selon la revendication 21, caractérisé en
ce qu’au moins un deuxiéme élément translatoire

longitudinal bascule d’'un mode opératoire a I'autre.

Systéme selon la revendication 22, caractérisé en
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ce qu’un troisiéme élément translatoire longitudinal
est configuré pour basculer entre une pluralité de
fibres optiques en provenance dudit deuxieme élé-
ment translatoire longitudinal a destination dudit dé-
tecteur de lumiere.
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