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Description

FIELD OF THE INVENTION

[0001] The invention relates to a photonic probe appa-
ratus for probing tissue to detect and mark tissue with
cancerous or precancerous states. In particular, the in-
vention relates to such photonic probe apparatus having
an integrated tissue marking facility.

BACKGROUND OF THE INVENTION

[0002] Cancer that originates in squamous epithelia
can develop in a large number of organs or tissues. The
appearance of (pre)cancerous tissue can show very
large differences depending on the body site, as can the
difficulties and consequences related to excision of ma-
lignant tissue. This is especially relevant for cervical can-
cer which is the leading cause of cancer death in women
in many developing countries and where the early detec-
tion and precise excision of malignant tissue are deter-
mining for the patient’s ability to bear children afterwards.
[0003] A physician doing an excision procedure of a
cervical cancer or cervical intraepithelial neoplasia (CIN)
site faces two conflicting objectives: On one hand he
wants to excise as little tissue as possible (especially if
the patient wants to preserve her ability to bear children)
on the other hand he has to excise all (pre-) cancerous
tissue (with a safety margin) to avoid a recurrence. In
practice however, the physician cannot directly see the
lesion. Instead he/she has to rely on colposcopy images
and/or on staining or marking techniques. The most com-
monly used marking technique for cervical cancer is ac-
etowhitening. Both colposcopy images and acetowhiten-
ing are notoriously hard to interpret with large observer-
to-observer variations. In addition, the acetowhite stain-
ing is transient, i.e. the white pattern will change while
the excision takes place. Figures 1A-C schematically de-
picts an excision procedure of an ectocervical lesion; the
black circle indicates the location of the cervical os. The
exact extent of the lesion is unclear (1A), so the physician
excises what he thinks is the approximate extent of the
lesion (IB). After the excision (1C) the acetowhite is no
longer visible on the remaining or the excised tissue, so
there is no direct feedback to the physician on whether
he/she was successful. The patient has to wait for the
histopathology report.
[0004] Also these methods provide only information
about tissue which can be assessed visually. For e.g.
cervical cancer this will be the Ectocervix (which is all
that is visible with the aid of a colposcope). How far a
lesion extends into the endocervix is not known. Even a
very experienced physician will be confident only of the
approximate lateral extension of the lesion he/she is try-
ing to remove. How deep it has to be removed remains
a guess work. Most physicians will have to try to do a
precise excision while actually being virtually blind.
[0005] In acetowhitening, 3-5% acetic acid produces

a coagulation reaction with cells which is proportional to
the content of nuclear protein in the cell. This reaction
produces a noticeable effect compared with the normal
pinkish color of the surrounding epithelium that is com-
monly visible to the naked eye.
[0006] With low-grade CIN, the acetic acid must pen-
etrate into the lower one-third of the epithelium (where
most of the abnormal cells with high nuclear density are
located). Hence, the appearance of the whiteness is de-
layed and less intense due to the smaller amount of nu-
clear protein compared to areas with high-grade CIN or
preclinical invasive cancer. Areas of high-grade CIN and
invasive cancer turn densely white and opaque immedi-
ately after application of acetic acid, due to their higher
concentration of abnormal nuclear protein and the pres-
ence of large numbers of dysplastic cells in the superficial
layers of the epithelium.
[0007] The acetowhite appearance is not unique to CIN
and early cancer. It is also seen in other situations when
increased nuclear protein is present: for example in im-
mature squamous metaplasia, congenital transformation
zone, in healing and regenerating epithelium (associated
with inflammation), leukoplakia (hyperkeratosis) and
condyloma. While the acetowhite epithelium associated
with CIN and preclinical early invasive cancer is more
dense, thick and opaque with well demarcated margins
from the surrounding normal epithelium, the acetowhit-
ening associated with immature squamous metaplasia
and regenerating epithelium is less pale, thin, often trans-
lucent, and patchily distributed without well-defined mar-
gins. Acetowhitening due to inflammation and healing is
usually distributed widely in the cervix, not restricted to
the transformation zone. The acetowhite changes asso-
ciated with immature metaplasia and inflammatory
changes quickly disappear, usually within 30-60 sec-
onds.
[0008] Acetowhitening associated with CIN and inva-
sive cancer quickly appears and persists for more than
one minute. The acetic acid effect reverses much more
slowly in high-grade CIN lesions and in early pre-clinical
invasive cancer than in low-grade lesions, immature
metaplasia and sub-clinical HPV changes. It may last for
2-4 minutes in the case of high-grade lesions and inva-
sive cancer.
[0009] In short, acetowhitening correlates with the con-
tent of nuclear protein in the cells, and thus marks all
tissue states having a substantially increased level of nu-
clear protein. The appearance of the acetowhite (density,
intensity, opaqueness) depends on the type and exact
location of the nuclear protein as well as on the time after
application of the acetic acid (delay and decay of whit-
ening). For suspected cervical cancer, acetowhitened tis-
sue regions are notoriously hard to interpret and only the
Ectocervix is marked up. How far a lesion extends into
the endocervix cannot be determined.
[0010] In conclusion, in present methods applying ac-
etowhitening during excising procedures, acetowhiten-
ing simultaneously detects and marks potential (pre)can-
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cerous tissue. The application of acetic acid first marks
up tissue with elevated nuclear protein content, all of
which is potentially (pre)cancerous tissue, where after
the physician evaluates which of the marked up tissue is
actually (pre)cancerous based on his her level of skill and
experience. Acetowhitening thereby involves the main
disadvantages that it is very difficult to apply any objective
threshold in the classification of the malignancy of the
tissue and that the marking is not permanent leading to
practical difficulties when performing excision proce-
dures. Additionally, the endocervix is difficult to mark up,
and especially it will be difficult to detect marked tissue
in the endocervix.
[0011] US 6,296,608 B1 describes a catheter for diag-
nosing and performing an interventional procedure on
tissue. Light is transmitted to a distal end of the catheter
through optical fibers, and light from the tissue is con-
veyed back for analysis by a spectroscopic diagnosis
ssytem to determine whether an internventional proce-
dure should be performed on the tissue. Further, the cath-
eter can mark the tissue with ink supplied from an ink
reservior through the catheter.
[0012] WO 2006/076810 A1 describes an apparatus
for measuring cancerous changes from reflectance spec-
tral measurements obtained during endoscopic imaging.
[0013] US 2003/0220540 A1 describes a system for in
situ tissue marking and orientation stabilization, e.g. by
means of an RF cutting tool. A specimen may be mnarked
as it is being cut or after a partial or complete cut has
been mande by the tissue-cutting tool.
[0014] JP 2009 153828A describes that an apparatus
for observing a living body has an illuminating means
irradiating light of wavelength longer than that of visible
light to the target, a detecting means for detecting the
light emitted from the illuminating means, penetrating
through the inside of the target and emitted from the sur-
face of the target, and a marking means arranged in a
predetermined location to the detecting means and for
applying the visible marks to the surface of the target
from the detected result by the detecting means.
[0015] The inventor of the present invention has ap-
preciated that an improved methodology and apparatus
for detecting and marking cancerous tissue is of benefit,
and has in consequence devised the present invention.

SUMMARY OF THE INVENTION

[0016] It would be advantageous to achieve a meth-
odology and an apparatus for detecting and marking can-
cerous tissue which can improve the classification of the
tissue. It would also be advantageous to achieve a meth-
odology and an apparatus for detecting and marking can-
cerous tissue which can simplify the excising procedure.
In general, the invention preferably seeks to mitigate, al-
leviate or eliminate one or more of the above mentioned
disadvantages singly or in any combination.
[0017] To better address one or more of these con-
cerns, a first aspect of the invention provides a photonic

probe apparatus for marking biological tissue in vivo, in
particular squamous and columnar epithelia, in accord-
ance with claim 1.
[0018] In contrast to the prior art techniques applying
acetowhitening where the coagulation reaction initiated
by the acetic acid both detects and marks potentially
(pre)cancerous tissue, the photonic probe of the present
invention allows for the detecting and the marking of
(pre)cancerous tissue to be decoupled, or in other words,
performed in separate and independent steps . The
present invention allows for that (pre)cancerous tissue
is first detected using a photonic probe and electronic
data analysis and then marked using a marking facility
integrated in the photonic probe that is activated upon
detection of (pre)cancerous tissue. This involves at least
the following effects and advantages:
The use of the photonic detection and electronic data
analysis provides the effect that quantitative data related
to the physiological composition of probed tissue can be
gathered and analyzed by a computer. This is advanta-
geous since it allows applying objective numerical pa-
rameters and thresholds in the tissue characterization
and classification, thus removing the problems of inter-
and intra-observer variations.
[0019] The decoupling of the detecting and marking of
(pre)cancerous tissue provides the effect that a detailed
classification of the tissue can be performed before a
decision of marking is taken. Thus potential (pre)cancer-
ous tissue that turns out not to be (pre)cancerous tissue
will not be marked. This is advantageous since it allows
for only marking tissue which should also be excised,
thus simplifying the excising procedures.
[0020] The decoupling further provides freedom in se-
lecting marking technique which is advantageous since
it allows selecting marking techniques which e.g. are
more permanent and/or which do not interfere with the
continued detection of (pre)cancerous tissue.
[0021] The photonic probe applies electromagnetic ra-
diation (EMR) of one or more wavelengths from the in-
frared to ultraviolet spectral ranges. Infrared EMR outside
the visible is commonly also referred to as infrared light,
and ultraviolet EMR outside the visible is commonly also
referred to as ultraviolet light. Thus, in the present con-
text, the term light is intended comprise ultraviolet light,
visible light, and infrared light.
[0022] The photonic probe apparatus may apply one
or more of the following techniques: diffuse optical spec-
troscopy, near-infra red spectroscopy, absorption spec-
troscopy, fluorescence spectroscopy, Raman spectros-
copy, absorption spectroscopy, time-resolved spectros-
copy. Each of these techniques, or a combination of two
or more of these techniques, may be used to provide
clinically relevant information about the physiological
composition of tissues. They may, for instance, correlate
with the intra/extra cellular content of one or more sub-
stances in order to give a precise fingerprint of the phys-
iological composition of the tissue and/or allow a com-
puter aided tissue classification with less observer-to-
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observer variation. For this purpose, the light source and
the light sensor are configured to detect an intensity of
collected light at different wavelengths to record a spec-
trum and wherein the threshold measure is related to the
size of one or more peaks in the recorded spectrum. The
different wavelengths for the spectra can be realized in
different ways. For e.g. fluorescence spectroscopy, one
can keep the wavelength of the excitation light constant
and detect the emitted light at a plurality of wavelengths,
one can keep the wavelength at which one detects the
emitted light constant while using a plurality of excitation
wavelengths, or one can use a use a plurality of both
emission and excitation wavelengths. Similarly to obtain
a spectra of the diffuse reflectance one can illuminate
the tissue simultaneously with a plurality of wavelengths
(white light) and spectrally resolve the collected light us-
ing e.g. a prism or a grating, or one can illuminate the
tissue sequentially with different wavelengths of mono-
chromatic light (e.g. by sweeping a laser or rotating a
dispersive element such as a grating). Another way
would be to simultaneously illuminate the tissue with light
of different wavelengths whereby the different light wave-
lengths are modulated differently so that the detector can
pick apart the contributions from the different wave-
lengths to the total detected light intensity.
[0023] In a preferred embodiment, determining a
measure of probability of cancerous or precancerous le-
sions may involve distinguishing precancerous and/or
cancerous tissue from not precancerous tissue based on
the output signal from the light sensor. Such distinguish-
ing is typically not definite. Rather, it is determined with
a certain sensitivity and specificity which are examples
of measures of probability of cancerous or precancerous
lesions. In this embodiment, not precancerous tissue in-
volves both healthy and abnormal tissue, such as inflam-
mations, etc. A number of applicable embodiments for
performing such distinction will be described later.
[0024] By connecting the electronic processor to con-
trol the tissue marking facility, the computer program may
be configured to automatically activate the tissue marking
facility to mark tissue when the threshold measure is ex-
ceeded. It will be appreciated that this is advantageous
as the computer program can react very fast to the de-
tection of (pre)cancerous tissue, so that such tissue is
marked immediately, before the probe is moved away
from the tissue. This facilitates a relatively fast scanning
of the probe of the tissue to be investigated. Additionally,
or alternatively, the photonic probe apparatus further
comprises an audio and/or visual output connected to
the electronic processor, which is activated to indicate to
a user whether the threshold measure is exceeded
and/or the state or a classification of the tissue currently
being probed. Thereby, the user, or persons monitoring
the process, can easily see the state of the currently
probed tissue region, which can help to give an overview,
especially when probing tissue regions that are difficult
to see, such as subcutaneous tissue layers or in crevass-
es or cavities, e.g. in the endocervix or in the cervic os.

This would also allow for the user to deactivate the au-
tomatic marking as controlled by the computer program,
and manually mark detected (pre)cancerous tissue in-
stead. For this and other purposes, the probe may further
comprise an interface, typically a button on the probe,
allowing a user to activate the integrated tissue marking
facility to mark tissue. Such interface could also be used
during automatic marking, in case the user finds
non-(pre)cancerous tissue regions that should be ex-
cised for other reasons.
[0025] Marking the tissue is not trivial. The marking
has to be clearly visible, it has to be localized (i.e. it may
not run to other parts of the tissue), and it should not
interfere with the optical measurement.
[0026] The tissue marking facility applies a physical
marking of the tissue, such as coagulation, or burn-
ing/carbonization, comprising an electric current source
connected to supply an output electrode situated in the
probe with sufficient current to coagulate tissue in contact
with the probe. Setups comprising applicable current
sources and electrodes may be found within the field of
electro-surgery devices.
[0027] It may be preferred that a probe tip is replace-
able, so that it can be replaced after each use. In this
case, it is preferred that the light source, light sensor and
tissue marking facility works through the tip of the probe.
Alternatively, this may be formulated as that the illumi-
nation of, collecting light from, and marking of tissue
works through the tip of the probe. Such replaceable tip
provides the advantage that it obviates or simplifies ster-
ilization issues.
[0028] In general the various aspects of the invention
may be combined and coupled in any way possible within
the scope of the invention. These and other aspects, fea-
tures and/or advantages of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

FIG 1A-C schematically depicts a prior art excision
procedure of an ectocervical lesion.
FIG 2A-C illustrates a photonic probe apparatus ac-
cording to an embodiment of the invention.
FIG 3 and 4 illustrate different embodiments of the
tissue marking facilities.
FIG 5A-F schematically depicts an excision proce-
dure applying the marking method according to an
embodiment of the invention and using a photonic
probe apparatus according to an embodiment of the
invention.
Figure 6 is a flow diagram describing the procedure
for marking up tissue in accordance with the use of
the apparatus, and the method, according to the in-
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vention.

DESCRIPTION OF EMBODIMENTS

[0030] An embodiment of the invention is illustrated in
FIG 2A, showing a photonic probe apparatus 10 com-
prising a probe 11, a light source 12 connected to the
probe for illuminating tissue, and a light sensor 13 con-
nected to the probe to receive and detect light collected
from the tissue region through the probe 11, preferably
through a tip 20 of the probe. An analyzing unit 14 is
connected to the light sensor 13 for determining whether
a threshold measure of probability of a cancerous or pre-
cancerous lesion in the probed tissue region in contact
with the probe is exceeded based on an output signal
from the light sensor 13. The apparatus also comprises
an integrated tissue marking facility (not shown in FIG
2A) which can be activated to mark the probed tissue
region through the probe when the threshold measure is
exceeded.
[0031] The light source 12 may involve more light
sources such as a combination of monochromatic and
broad spectral light sources. The light source 12 may be
integrated in the probe 11 in the form of small light sourc-
es such as light emitting diodes and diode lasers, or may
be placed in a separate unit 15 of the apparatus, as shown
in Figure 2A, in the form of larger light sources such as
lasers and lamps. Similarly, the light sensor 13 may in-
volve a photodiode and potentially wavelength filters in-
tegrated in the probe 11, or may also be placed in the
separate unit 15 as shown in Figure 2A. In case of the
light source and/or light sensor being placed in the unit
15 separate from the probe 11, they should be connected
to the probe 11 by an optical guide 16 for illuminating
tissue and collect light from tissue. Such optical guide 16
may involve optical components such as lenses, mirrors,
prisms, gratings, diffractive optical elements, etc.
[0032] In a preferred embodiment, the analyzing unit
14 comprises an electronic processor 17 connected to
receive the output signal from the light sensor 13; and a
memory or electronic storage 18 holding a computer pro-
gram configured to, when executed by the electronic
processor: determining one or more measures of prob-
ability of a cancerous or precancerous lesion in the tissue
region based on the output signal from the light sensor;
and determining whether one or more of the determined
measures of probability exceeds a predetermined
threshold. The analyzing unit 14 can be a computer or a
workstation or similar, and can involve an audio and/or
visual output connected to the electronic processor, such
as a display or monitor 19.
[0033] The optical guide 16 for illuminating tissue and
for collecting light from tissue can be provided by one or
more optical fibers. Using only one fiber for both purposes
is advantageous as it simplifies the construction of the
probe and the connection between probe and light
source/sensor. Further, in the embodiment described lat-
er where the probe head scans by rotation, it provides

the advantage that the optical guide can be made coin-
cident with the axis of rotation, thereby simplifying the
transmission of light through a rotating head.
[0034] The probe body can be rigid or flexible. A tip 20
of the probe 11 can be tilted away from an axis A of the
probe as shown in Figure 2B. This is advantageous as
it makes it easier to probe tissue behind protrusions and
in-between soft tissue and since it becomes easier for
the user to rest his/her hand during the procedure.
[0035] In a preferred embodiment, the tip 20 involves
a replaceable tip 21 shown in Figure 2C, where the light
source 12, light sensor 13, and the tissue marking facility
works through the replaceable tip 21. Such tip is prefer-
ably formed in materials approved for medical applica-
tions and comprises, such as a plastic, and involves one
or more light transmitting parts 22, 23, 24, 25 providing
input and output for light and an output 26 for the tissue
marking facility. The replaceable tip 21 should involve
means (not shown) for attaching it to the probe 11 in a
removable manner, and so that the light transmitting
parts 22, 23, 24, 25 aligns with a light output (not shown)
from and a light input (not shown) to the probe.
[0036] The tip 20 and the replaceable tip 21 can have
similar layouts, and the embodiment shown in Figure 2C
is applicable to both. Here, transparent part 22 would
connect to a source fiber for white light, transparent part
23 would connect to a source fiber for both laser light (to
excite fluorescence) and for white light, while transparent
parts 24 and 25 would connect to detection fibers guiding
collected light (could be backscattered and/or fluorescent
light) to the light detector 13 for detecting both visible
light and for IR light.
[0037] Different embodiments of the tissue marking fa-
cility are illustrated in Figures 3 and 4. The only embod-
iment falling within the scope of the invention is the em-
bodiment wherein the tissue marking facility comprises
an electric current source connected to supply an output
electrode integrated in the distal end of the probe. In Fig-
ure 3, the tissue marking facility 30 comprises a cartridge
31 for holding a marking substance 32 and means 33 for
administering the marking substance through an output
cannula 34 in the probe to dye tissue in contact with the
probe. Different applicable and preferable marking sub-
stances have been described earlier. The cartridge 31
can be integrated in the probe 11, or even in the replace-
able tip 21 of the probe together with the output 34 (as
output 26 in Figure 2C). The location of the output can-
nula 34 or 26 in the center of the probe ensures the good
marking resolution and avoids spilling of ink to other lo-
cations. Integrating the cartridge 31 in the replaceable
tip 21 provides the advantages that there would be no
need for refilling the cartridge, as it would be replaced
together with the tip between each use. In such design,
the cartridge would need to be small, which does not
pose a problem since it would only need enough marking
substance for a single use, typically a few mL. The means
33 for administering the marking substance can be elec-
tronically driven, and might be integrated in the probe
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rather than in the replaceable tip 21.
[0038] The tissue marking facility 40 of the invention
is illustrated in Figure 4, and comprises an electric current
source 41 connected to supply an output electrode 42
situated in the probe with sufficient current to coagulate
tissue in contact with the probe as described previously.
Again, the output of the tissue marking facility, here the
electrode 42, can be integrated in the replaceable tip 21
as output 26, and connected to the current source 41 in,
or via, the probe 11.
[0039] When probing and marking tissue, the probe
may be held by hand or by a scanning mechanism. In a
preferred embodiment, however, the probe involves an
integrated scanning mechanism for moving at least part
of the probe relative to the rest of the probe held by a
user, and thereby relative to tissue of a patient. Such
scanning mechanism provides the advantage of main-
taining a proper speed of movement of the tip of the probe
over the tissue, to allow time for both photonic detection
and tissue marking without moving so slow that exces-
sive marking is likely, such as by administering too much
ink or seriously charcoaling tissue. This may be particu-
larly relevant when probing and marking tissue that is to
the user.
[0040] In a preferred embodiment of the scanning
mechanism, a head 27 is rotatable mounted on the probe
11, and can be slowly rotated around axis A by the scan-
ning mechanism (Figure 2B). When marking tissue that
is not directly visible, the head of the probe can be slowly
inserted while rotating. This would for example be appli-
cable in the endocervix, to mark the internal os. The probe
body can have a button 28 for starting and stopping the
scanning rotation of the head.
[0041] As described previously, the analyzing unit 14
determines a measure of probability of a cancerous or
precancerous lesion in the probed tissue region based
on the collected light. A number of applicable techniques
for performing such analysis and determination is de-
scribed in the prior art and will be summarized in the
following. All of these use data analysis algorithms im-
plemented by a software program stored in the memory
of and executed by the processor of a computer.
[0042] A technique for estimation of lipid and water
concentrations in scattering media with diffuse optical
spectroscopy from 900 to 1600 nm is described by Nach-
abé et al. in Journal of Biomedical Optics, Vol 15, No 3,
p. 037015, 2010. Herein, both a photonic probe and a
spectroscopy apparatus for gather and analyze data to
obtain substance concentrations are described in detail.
These techniques may be applied in the present inven-
tion for detecting substances that correlate well with a
(pre)cancerous tissue state.
[0043] A technique for identifying a precancerous cer-
vix in vivo based on diffuse optical spectroscopy is de-
scribed by Chang et al., in Neoplasia Vol. 11, No. 4, p.
325, 2009. Here, a diffuse reflectance spectroscopy tech-
nique is applied to identify contrasts in optical biomarkers
that vary with different grades of cervical intraepithelial

neoplasia (CIN) from normal cervical tissues. The tech-
nique applies an optical probe and an instrument (with
broadband light source, dispersive element, and detec-
tor), and a computer running a Monte Carlo algorithm to
extract optical biomarker contributions including total he-
moglobin (Hb) concentration, Hb saturation, and reduced
scattering coefficient from the measured spectra. It is
shown that concentration of oxyHb and total Hb increas-
es significantly (P < .001 and P < .002, respectively) from
normal and CIN 1 (grouped together) to CIN 2+. The in-
strumentation involves a fiber-optic probe, two spectrom-
eters including Xenon lamps and monochromators. Light
in the range 450 to 600 nm is collected and analyzed,
but the used mathematical model is applicable over a
wide wavelength range (from UV to visible). It is specif-
ically mentioned that the physical illumination and collec-
tion geometry of the probe can be accurately accounted
for in the model, thus allowing the technique to be imple-
mented in the photonic probe apparatus according to the
invention.
[0044] A technique for cervical precancer detection us-
ing a multivariate statistical algorithm based on laser-
induced fluorescence spectra at multiple excitation
wavelengths is described by Ramanujam et al. in Pho-
tochemistry and Photobiology, Vol. 64, No 4, p. 720,
1996. The technique applies a fluorimeter to acquire flu-
orescence spectra at 337, 380 and 460nm excitation
where after a multivariate statistical algorithm was used
to extract clinically useful information from tissue spectra
acquired in vivo. Two full-parameter algorithms were de-
veloped using tissue fluorescence emission spectra at
all three excitation wavelengths for cervical precancer
(squamous intraepithelial lesion (SIL)) detection. The al-
gorithms involve a screening algorithm that discriminates
between SIL and non-SIL and a diagnostic algorithm that
differentiates high-grade SIL from non-high-grade SIL.
The instrumentation involves a fiber-optic probe, two ni-
trogen-pumped dye laser producing illumination at 337,
380 and 460 nm, and a spectrograph.
[0045] A technique for near-infrared Raman spectros-
copy for in vivo detection of cervical precancer is de-
scribed in US 5,991,653. The technique use algorithms
based on empirically selected peak intensities, ratios of
peak intensities and a combination of Principal Compo-
nent Analysis (PCA) for data reduction and Fisher Dis-
criminant Analysis (FDA). Normal tissues, inflammation
and metaplasia were distinguishable from low grade and
high grade precancers. The primary contributors to the
tissue spectra appear to be collagen, nucleic acids, phos-
pholipids and glucose 1-phosphate. The instrumentation
involves an illumination device for generating at least one
illumination wavelength of electromagnetic radiation se-
lected to cause a tissue sample to emit a Raman spec-
trum comprising plurality of wavelengths shifted from the
illumination wavelength. Typically, the light source is a
laser. Also included is a Raman spectrum detector for
detecting a plurality of peak intensities of the Raman
spectrum at selected wavelength shifts. The system may
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further comprise a programmed computer connected to
the Raman spectrum detector, programmed to compare
each of the plurality of detected peak intensities with cor-
responding peak intensities of Raman spectra from nor-
mal tissue. It is also described how NIR Raman spec-
troscopy can be combined with fluorescence spectros-
copy to improve the accuracy.
[0046] Although some of the above techniques are still
in research, they show that an apparatus according to
the invention with an analyzing unit distinguishing can-
cerous or precancerous tissue from normal tissue can
be made. The references describes the techniques in
much more detail than the summaries above, and each
reference also describes how to implement an optical
probe, light guides, light sources and sensors in relation
to the analyzing unit.
[0047] In the following, the use of the photonic probe
apparatus and a method for marking a tissue region in a
patient for excision will be described in more detail, re-
ferring first to Figures 2A and B, and later to Figures 5A-
F and 6. The photonic probe apparatus will be used by
the physician to scan the cervix of the patient prior to
initiating an excision procedure. The probe will mark the
extent (or alternatively just the borders) of the lesions
either automatically or with input from the physician. The
marking facility can thus work in two modes: manual or
automatic. In manual mode the physician will be guided
by the audio/video output such as screen 19, indicating
whether the threshold measure is exceeded and can
mark the present area by pressing a button 29 activating
the tissue marker facility. In automatic mode the physi-
cian pre-specifies a threshold in the software program
and the apparatus will automatically mark all areas ex-
ceeding that threshold. A brief overview of the workflow
is shown in Figure 6.
[0048] After the scanning phase the extent of the lesion
is clearly visible to the physician, who can then proceed
to excise the lesion. This will be described in relation to
Figures 5A-F. The exact extent of the lesion is unclear
(grey areas in Figure 5A), so the physician scans with
the probe over the whole cervix (Figure 5B, only scanning
of the ectocervix is depicted but in general the endocervix
will be scanned as well). The probe clearly marks the
extent of the lesion (Figure 5C), so the physician can
excise the tissue with confidence (Figure 5D). If part of
the marking is still visible on the patient’s cervix (Figure
5E) after excision, part of the lesion is still remaining and
a re-excision is necessary. Such re-excision can be done
without a new detection and marking since the marking
is not transient. Also, by measuring the margins to the
marked tissue on the excised tissue (Figure 5F), one can
check whether the excision margins are sufficient.
[0049] The apparatus and the method according to the
invention are preferably adapted to, configured to or suit-
able for probing and possibly detection and marking of
(pre)cancerous tissue regions in squamous and colum-
nar epithelia. In particular, they are for doing this in the
lower portion of the uterus, the cervix where the ectocer-

vix is covered by a squamous epithelium consisting of
multiple layers of cells, the endocervix is covered by a
columnar epithelium consisting of a single layer of cells.
The aspects of the invention are thereby preferably lim-
ited to detect and mark regions with cervical cancer or
cervical intraepithelial neoplasia (CIN). The invention
may also be applied for the resection of other types of
cancer that originate in squamous epithelia (like e.g. oral
cancer) or other pathological tissue as well.
[0050] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination
of these measures cannot be used to advantage. A com-
puter program may be stored and distributed on a suitable
medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other
hardware, but may also be distributed in other forms,
such as via the Internet or other wired or wireless tele-
communication systems. Any reference signs in the
claims should not be construed as limiting the scope.

Claims

1. A photonic probe apparatus (10) for marking biolog-
ical tissue and comprising:

- a probe (11) for illuminating tissue and collect-
ing light from an illuminated tissue region
through the probe (11);
- a light source (12) connected to the probe via
a source optical fiber for illuminating tissue;
- a light sensor (13) connected to the probe via
a detection optical fiber to receive and detect
light collected from the tissue region;
- an analyzing unit (14) for determining whether
a threshold measure of probability of a cancer-
ous or precancerous lesion in the probed tissue
region in contact with the probe (11) is exceeded
based on an output signal from the light sensor
(13); and
- an integrated tissue marking facility (26, 42)
which can be activated to mark the probed tissue
region through the probe (11) when the thresh-
old measure is exceeded;
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wherein, the light source (12) and the light sensor
(13) are configured to detect an intensity of collected
light at different wavelengths to record a spectrum
and wherein the threshold measure is related to the
size of one or more peaks in the recorded spectrum;
wherein the source optical fiber and the detector op-
tical fiber each have a distal end disposed in con-
nection with respective transparent parts of the distal
end of the probe (11);
wherein the tissue marking facility comprises an
electric current source (41) connected to supply an
output electrode (42) integrated in the distal end of
the probe (11) with sufficient current to coagulate
tissue in contact with the probe (11); and
wherein the output electrode (42) is disposed be-
tween the transparent part of the distal end of the
probe connected to the end of the source optical fiber
and the transparent part of the distal end of the probe
connected to the end of the detection optical fiber.

2. The photonic probe apparatus (10) according to
claim 1, wherein the analyzing unit (14) comprises:

- an electronic processor (17) connected to re-
ceive the output signal from the light sensor (13);
and
- a memory (18) holding a computer program
configured to, when executed by the electronic
processor (17):
- determining one or more measures of proba-
bility of a cancerous or precancerous lesion in
the tissue region based on the output signal from
the light sensor (13); and
- determining whether one or more of the deter-
mined measures of probability exceeds a pre-
determined threshold.

3. The photonic probe apparatus (10) according to
claim 1, wherein determining a measure of probabil-
ity of cancerous or precancerous lesions involves
distinguishing precancerous and/or cancerous tis-
sue from not precancerous tissue based on the out-
put signal from the light sensor.

4. The photonic probe apparatus (10) according to
claim 1, wherein the electronic processor (17) is con-
nected to control the tissue marking facility (26, 42),
and wherein the computer program is configured to
automatically activate the tissue marking facility to
mark tissue when the threshold measure is exceed-
ed.

5. The photonic probe apparatus (10) according to
claim 1, further comprising an audio and/or visual
output (19) connected to the electronic processor
(17), and wherein the computer program is config-
ured to control the audio and/or visual output (19) to
indicate to a user whether the threshold measure is

exceeded.

6. The photonic probe apparatus (10) according to
claim 1, wherein the probe (11) further comprises an
interface (29) allowing a user to activate the integrat-
ed tissue marking facility (26, 42) to mark tissue.

7. The photonic probe apparatus (10) according to
claim 1, further comprising a scanning mechanism
for moving at least part of the probe relative to tissue
of a patient.

Patentansprüche

1. Photonensondenvorrichtung (10) zum Markieren
von biologischem Gewebe und umfassend:

- eine Sonde (11) zum Beleuchten von Gewebe
und Sammeln von Licht von einer beleuchteten
Geweberegion durch die Sonde (11);
- eine Lichtquelle (12), die über eine optische
Quellfaser mit der Sonde verbunden ist, um Ge-
webe zu beleuchten;
- einen Lichtsensor (13), der über eine optische
Erfassungsfaser mit der Sonde verbunden ist,
um von der Geweberegion gesammeltes Licht
zu empfangen und zu erfassen;
- eine Analyseeinheit (14) zum Bestimmen, ob
ein Schwellenmaß für die Wahrscheinlichkeit für
eine krebsartige oder vorkrebsartige Läsionen
in der sondierten Geweberegion, der mit der
Sonde (11) in Kontakt steht, basierend auf ei-
nem Ausgangssignal des Lichtsensors (13),
überschritten ist; und
- eine integrierte Gewebemarkierungseinrich-
tung (26, 42), die aktiviert werden kann, um die
sondierte Geweberegion durch die Sonde (11)
zu markieren, wenn das Schwellenmaß über-
schritten wird;

wobei die Lichtquelle (12) und der Lichtsensor (13)
so ausgelegt sind, dass sie eine Intensität von ge-
sammeltem Licht bei verschiedenen Wellenlängen
erfassen, um ein Spektrum aufzuzeichnen, und wo-
bei das Schwellenmaß mit der Größe einer oder
mehrerer Spitzen im aufgezeichneten Spektrum zu-
sammenhängt;
wobei die optische Quellfaser und die optische De-
tektorfaser jeweils ein distales Ende aufweisen, das
in Verbindung mit jeweiligen transparenten Teilen
des distalen Endes der Sonde (11) angeordnet ist;
wobei die Gewebemarkierungseinrichtung eine
elektrische Stromquelle (41) aufweist, die verbun-
den ist, um eine Ausgangselektrode (42), die in das
distale Ende der Sonde (11) integriert ist, mit aus-
reichend Strom zu versorgen, um Gewebe in Kontakt
mit der Sonde (11) zu koagulieren; und
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wobei die Ausgangselektrode (42) zwischen dem
transparenten Teil des distalen Endes der Sonde,
der mit dem Ende der optischen Quellfaser verbun-
den ist, und dem transparenten Teil des distalen En-
des der Sonde, der mit dem Ende der optischen Er-
fassungsfaser verbunden ist, angeordnet ist.

2. Photonensondenvorrichtung (10) nach Anspruch 1,
wobei die Analyseeinheit (14) umfasst:

- einen elektronischen Prozessor (17), der ver-
bunden ist, um das Ausgangssignal vom Licht-
sensor (13) zu empfangen; und
- einen Speicher (18), der ein Computerpro-
gramm enthält, das ausgelegt ist, wenn es von
dem elektronischen Prozessor (17) ausgeführt
wird, zum
- Bestimmen eines oder mehrerer Wahrschein-
lichkeitsmaße für eine krebsartige oder vor-
krebsartige Läsionen in der Geweberegion ba-
sierend auf dem Ausgangssignal des Lichtsen-
sors (13); und
- Bestimmen, ob eines oder mehrere der be-
stimmten Wahrscheinlichkeitsmaße einen vor-
bestimmten Schwellenwert überschreiten.

3. Photonensondenvorrichtung (10) nach Anspruch 1,
wobei das Bestimmen eines Wahrscheinlichkeits-
maßes für krebsartige oder vorkrebsartige Läsionen
das Unterscheiden von vorkrebsartigem und/oder
krebsartigem Gewebe von nicht vorkrebsartigem
Gewebe basierend auf dem Ausgangssignal des
Lichtsensors umfasst.

4. Photonensondenvorrichtung (10) nach Anspruch 1,
wobei der elektronische Prozessor (17) verbunden
ist, um die Gewebemarkierungseinrichtung (26, 42)
zu steuern, und wobei das Computerprogramm aus-
gelegt ist, um die Gewebemarkierungseinrichtung
zum Markieren von Gewebe automatisch zu aktivie-
ren, wenn das Schwellenmaß überschritten wird.

5. Photonensondenvorrichtung (10) nach Anspruch 1,
umfassend zudem einen Audio- und/oder visuellen
Ausgang (19), der mit dem elektronischen Prozessor
(17) verbunden ist, und wobei das Computerpro-
gramm ausgelegt ist, um den Audio- und/oder visu-
ellen Ausgang (19) zu steuern, um einem Benutzer
anzuzeigen, ob das Schwellenmaß überschritten ist.

6. Photonensondenvorrichtung (10) nach Anspruch 1,
wobei die Sonde (11) zudem eine Schnittstelle (29)
umfasst, die einem Benutzer ermöglicht, die inte-
grierte Gewebemarkierungseinrichtung (26, 42)
zum Markieren von Gewebe zu aktivieren.

7. Photonensondenvorrichtung (10) nach Anspruch 1,
umfassend zudem einen Abtastmechanismus zum

Bewegen mindestens eines Teils der Sonde relativ
zu einem Gewebe eines Patienten.

Revendications

1. Appareil à sonde photonique (10) pour marquage de
tissu biologique et comprenant :

- une sonde (11) pour éclairer le tissu et pour
collecter la lumière dans une région de tissu
éclairée via la sonde (11) ;
- une source lumineuse (12) connectée à la son-
de via une fibre optique source pour éclairer le
tissu ;
- un capteur de lumière (13) connecté à la sonde
via une fibre optique de détection pour recevoir
et pour détecter la lumière collectée dans la ré-
gion de tissu ;
- une unité d’analyse (14) pour déterminer si est
dépassée une mesure seuil de probabilité d’une
lésion cancéreuse ou précancéreuse dans la ré-
gion de tissu sondée en contact avec la sonde
(11) en fonction d’un signal de sortie du capteur
de lumière (13) ; et
- un dispositif de marquage de tissu intégré (26,
42) qui peut s’actionner pour marquer la région
de tissu sondée via la sonde (11) lorsqu’est dé-
passée la mesure seuil ;

dans lequel la source lumineuse (12) et le capteur
de lumière (13) sont configurés pour détecter une
intensité de lumière collectée à différentes longueurs
d’onde pour enregistrer un spectre et dans lequel la
mesure seuil se rapporte à la taille de l’un ou plu-
sieurs pics dans le spectre enregistré ;
dans lequel la fibre optique source et la fibre optique
de détection ont chacune une extrémité distale en
connexion avec des parties transparentes respecti-
ves de l’extrémité distale de la sonde (11) ;
dans lequel le dispositif de marquage de tissu com-
prend une source de courant électrique (41) connec-
tée pour fournir à une électrode de sortie (42) inté-
grée à l’extrémité distale de la sonde (11) un courant
suffisant pour coaguler le tissu en contact avec la
sonde (11) ; et
dans lequel l’électrode de sortie (42) se situe entre
la partie transparente de l’extrémité distale de la son-
de connectée à l’extrémité de la fibre optique source
et la partie transparente de l’extrémité distale de la
sonde connectée à l’extrémité de la fibre optique de
détection.

2. Appareil à sonde photonique (10) selon la revendi-
cation 1, dans lequel l’unité d’analyse (14)
comprend :

- un processeur électronique (17) connecté pour
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recevoir le signal de sortie du capteur de lumière
(13) ; et
- une mémoire (18) contenant un programme
informatique configuré pour, quand l’exécute le
processeur électronique (17) :
- déterminer une ou plusieurs mesures de pro-
babilité d’une lésion cancéreuse ou précancé-
reuse dans la région de tissu en fonction du si-
gnal de sortie du capteur de lumière (13) ; et
- déterminer si une ou plusieurs des mesures
déterminées de probabilité dépassent un seuil
prédéterminé.

3. Appareil à sonde photonique (10) selon la revendi-
cation 1, dans lequel la détermination d’une mesure
de probabilité de lésions cancéreuses ou précancé-
reuses implique de distinguer le tissu précancéreux
et/ou cancéreux d’un tissu non précancéreux en
fonction du signal de sortie du capteur de lumière.

4. Appareil à sonde photonique (10) selon la revendi-
cation 1, dans lequel le processeur électronique (17)
est connecté pour commander le dispositif de mar-
quage de tissu (26, 42), et dans lequel le programme
informatique est configuré pour actionner automati-
quement le dispositif de marquage de tissu pour mar-
quer le tissu quand est dépassée la mesure seuil.

5. Appareil à sonde photonique (10) selon la revendi-
cation 1, comprenant également une sortie audio
et/ou visuelle (19) connectée au processeur électro-
nique (17), et dans lequel le programme informatique
est configuré pour commander la sortie audio et/ou
visuelle (19) pour signaler à un utilisateur si est dé-
passée la mesure seuil.

6. Appareil à sonde photonique (10) selon la revendi-
cation 1, dans lequel la sonde (11) comprend éga-
lement une interface (29) permettant à un utilisateur
d’actionner le dispositif de marquage de tissu intégré
(26, 42) pour marquer le tissu.

7. Appareil à sonde photonique (10) selon la revendi-
cation 1, comprenant également un mécanisme de
balayage pour déplacer au moins une partie de la
sonde par rapport au tissu d’un patient.

17 18 



EP 2 814 375 B1

11



EP 2 814 375 B1

12



EP 2 814 375 B1

13



EP 2 814 375 B1

14



EP 2 814 375 B1

15



EP 2 814 375 B1

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 6296608 B1 [0011]
• WO 2006076810 A1 [0012]
• US 20030220540 A1 [0013]

• JP 2009153828 A [0014]
• US 5991653 A [0045]

Non-patent literature cited in the description

• NACHABÉ et al. Journal of Biomedical Optics, 2010,
vol. 15 (3), 037015 [0042]

• CHANG et al. Neoplasia, 2009, vol. 11 (4), 325
[0043]

• RAMANUJAM et al. Photochemistry and Photobiol-
ogy, 1996, vol. 64 (4), 720 [0044]


	bibliography
	description
	claims
	drawings
	cited references

