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SUMMARY

OPTICAL CHARACTERIZATION OF CANCEROUS AND
CORRESPONDING HEALTHY TISSUE SAMPLES WITH
DOUBLE INTEGRATING SPHERE SYSTEM

Volkan DINC

Biomedical Engineering Programme

MSc Thesis

Advisor: Assist.Prof. Hasim Ozgiir Tabakoglu

Aim of this study is to measure the optical properties of both ex-vivo cancerous tissue
samples and normal, healthy tissue samples. Results have been compared to observe
how cancerous and noncancerous tissues behave in visible spectrum, between 550 nm
and 650 nm. Ex-Vivo tissue samples have been obtained from Bezmialem Hospital.
Optical characterization has been performed in Medical Laser Laboratory at Bogazigi
University, Biomedical Engineering Institute.

Tissue optical properties have been measured by using a Double Integrating Sphere
system and some computational techniques like Inverse Adding Doubling Method
(IAD). With IAD simulation technique, accurate estimates of optical properties like
scattering, reflection and absorption, for biological tissues can be observed. By doing
so, pathological results have been tried to be estimated without using histological
staining methods and has been tried to be developed new methods and techniques for
pathologic assessments to help surgeons and pathologists during surgical operation.

Keywords: Double Intergrating Sphere, monochromator, absorption, scattering,
pathology
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OZET

SAGLIKLI VE KANSERLI DOKULARIN CIFT TOPLAYICI KURE
SISTEMI iLE OPTIK OZELLIKLERININ INCELENMESI

Volkan DINC
Biyomedikal Mihendislik Programi
Yuksek Lisans Tezi

Danisman: Yard. Doc. Hasim Ozgiir TABAKOGLU

Bu calismanin amaci ex-vivo olarak hem kanserli hem de saglikli dokularin optik
ozelliklerini olgmektir. Sonuglar, kanserli ve kanserli olmayan dokularin gorinr
bolgede 500nm ve 650nm arasinda nasil danvrandigini incelemek adina
karsilastirilacaktir. Ex-Vivo doku ornekleri Bezmialem Hastanesi'nden elde edilmistir.
Optik karakteristik incelemeleri ise Bogazi¢i Universitesi Biyomedikal Miihendislik

Enstitisiu'ndeki Medikal Lazer Laboratuar'inda yapilmistir.

Dokularin optik 6zellikleri Cift Toplayicili Kiire sistemi ve Inverse Adding Doubling (IAD)
metodu gibi bilgisayar programlari ile yapiimistir. IAD simulasyon teknigi ile biyolojik
dokularin, sacilma, vyansima ve absorbe olmalari gibi optik Ozellikler
incelenebilmektedir. Bunu yaparak da patolojik sonuclarin tahmini, boyama gibi
histolojik yontemler olmadan yapilmaya calisiimistir ve doktorlara ve patolojicilere

ameliyatlar sirasinda yeni metodlar ve teknikler tiretilmeye calisiimistir.

Anahtar kelimeler: Cift toplayicili kiire, monokromatdér, absorbsiyon, sacilma, patoloji

FATIH UNIVERSITESI -BiYOMEDIKAL MUHENDISLIiK ENSTITUSU



CHAPTER 1

INTRODUCTION

1.1 Literature Survey

An accurate or probable estimation of optical properties of tissues has been of great
interest for many years and subject for research from various disciplines like physics,
medicine, chemistry and biomedical engineering. Double Integrating Sphere system and
both Inverse Adding Doubling Method and Inverse Monte Carlo Method have been
widely used methods in order to measure the optical properties of the tissues [1].

DM | ps | | om

Light Source

Reflectance Sphere Transmittance Sphere

Figure 1.1. Double Integrating Sphere System with monochromator. Star represents
tissue. DM=Digital multimeter, PS=Power source, PMT=Photomultiplier tube,
B:Baffle, L: Lens. Reproduced From Sardar et al [1]

Inverse Monte Carlo Method (IMC) is used as photon distribution and for simulation of
random processes the Monte Carlo (MC) Method could be preferred. The MC method is
based on Law Of Large Numbers and Central Limit Theorem [2]. The MC method
gives chance to calculate some impractical distributions. It basically ‘guesses’ the
outcome of an equation. The IMC calculations include the direct solution, a forward
MC calculation, sphere geometrical parameters, the optical properties of the media and
the inverse solution that determines a minimum by iteration [3].

The measured optical properties have been run on different calculation methods (like
Kubelka Munk or IMC etc) to make a comparison and for verifying the coefficients like
absorption and scattering.



Healthy and unhealthy values in vitro have been measured for Photodynamic Therapy
(PDT) purposes [4]. In addition light delivery information has been gained for PDT
treatment.

By taking advantages of optical property measurements [4], researchers decided that
there were no significant differences between the normal and adenomatous samples of
the same tissue but there were significant differences between the different types of
tissues so researchers decided that the structure of these tissues had to be significantly
different.

The best description of optics for laser irradiation was the examination of the response
of a target within tissue to light. Suppose there was a chromophre like a melanocyte at
coordinate r(x,y,z) inside the tissue.

There had to be photon propagation in this tissue if light was interacted with it, and in
that case the characteristics of this propagation like scattering and absorption must have
governed the number of photons that would reach the melanocyte at the coordinate r. In
this example scattering was an important matter for it could changed the direction of
propagation of a photon in both forward and backward direction and besides most of the
photons never hit the melanocyte. Also these photons could be absorbed by other tissue
chromophores; also these photons could be remitted out of the tissue and/or reflected
[5,6].

Laser Light
remitted
Y P ‘ tissue
reflected J/ ‘ y ~
absorbed . Target
melanocyte
A 4
z absorbed

Figure 1.2 Photon Propagation in The Tissue. Reproduced from Martian et al [5]

In this study the tissues, which would be examined, were cancerous and non-cancerous
tissue samples, so some general information about cancer and its optical properties
could be explained in detail in next sections.

Cancer might be defined as a progressive series of genetic events which occured in a
single clone of cells because of some alterations in vey limited number of specific genes
like oncogenes and tumor suppresor genes [7-9]. Cancers also might be known as
malignant neoplasm where the word of neoplasm came from ancient Greek and ment
abnormal mass of tissue (neo means new and plasma means formation and creation)
[10].

All of the cancers were involved unregulated cell growth. Where a cancer begun to
grow, the cells divided and growth uncontrollably, formed tumors and invaded
surrounding tissues of the body [11]. Some cancers could also spread to more distant
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parts of the body through the lymphatic system or bloodstream and made metastase. At
this point it has to be said that not all of cancers are cancerous [12]. These non-
cancerous tumors are called benign tumors, which do not grow uncontrollably like
malignant tumors [13]. Detarmanitaion of the causes of the cancer is very complex.
There are many methods, which are clinically used for the diagnosis and the treatment
of the cancer. One of these methods is light based therapies and diagnosis. The
knowledge of the behavior of the light in specific cancerous tissues is very important
because the therapatic aspects of the cancerous tissues mainly depend on the amount of
the absorbed light and scattered light [14-17]. At this very point the depth and the
thickness of the cancerous tissue was important too. Also, the optical properties of
cancerous tissues is a highly important phenomenon for the light based diagnosis and
treatment of the cancer because every specific tissue (e.g lung, breast, pancreas etc.)
changes its structural and physiological properties when it became cancerous therefore
its optical characteristis changes too. So, every interaction with light of every specific
tissue (its absorption and scattering coefficients) are vary and different from each other.
And this is why it is a key factor to know that how a specific tissue behaves to a specific
wavelength [18-23].

1.2 Purpose of the Thesis

With the upcoming technology new kind of research areas has emerged. One of
these areas is measurement of the optical properties of tissue. In recent years there has
been considerable interest in these measurements and their accuracy. These
measurements include scattering, reflection and absorption coefficients. These
properties have been measured by using a Double Integrating Sphere system. These
optical properties are fundamental optical properties of biological tissues and can be
used for the diagnosis of various diseases. The quantitative distribution of light intensity
in biological media can be obtained from radiative transport equation [24, 25]:

di(r.s) .
ds

—(u, +u)(r,s) + % / p(.s'. .s")/<r.‘s")d.f?' [Eqn 1]
o

An analytical solution to this equation is very hard to achieve beacause of the
complexity of the nature of biological media and because of their irregular shapes.
However, Prahl et al found a logical solution to solve the transport equation, which is
known as Inverse Adding Doubling (IAD) [26].

In this study, the Double Integrating Sphere system had been used to measure
the optical properties of tissues and method of Inverse Adding Doubling had been used
to evaluate these optical properties. With IAD simulation technique, more accurate
estimates of optical properties could be got; like scattering, reflection and absorption,
for biological tissues. In regards to these, the aim of this study is to measure the optical
properties of both cancerous tissue samples and normal, healthy (non-cancerous) tissue
samples. By doing that we will try to estimate pathological results without using
staining methods and try to develop new methods and techniques for pathologic
assessments to help surgeons and pathologists during surgical operation.



1.3 Hypothesis

The hypothesis of this study is to show that the optical charecteristics of cancerous and
normal tissues are different. When a cell becomes cancerous it changes in every aspect.
Every characteristic of the tissue change and therefore becomes completely different
from a healthy cell. And thus, the interaction with light for cancerous and healthy cells
‘has’ to be different. Our hypothesis here is to prove that optical charecteristics of
cancerous and healthy tissues are different and so this way, somehow help both medical
imaging and treatment aspect of this science. And make it a little bit easier for both
patients with cancer and doctors who tries to treat them in a correct way by providing
useful information about cancer diagnosis and treatment.

1.4 Motivation

The motivation of this study and the answer of the question ‘why we did such a study?’
and ‘what drives us?’ can be summarized to one sentence at all: We wanted to help the
diagnosis and the treating aspects of cancer. We can simply hope that what we tried to
do here will help developing more innovative technologies for patiens, doctors and
scientist around the world who has a crossway with cancer in their lifes.



CHAPTER 2

MATERIAL AND METHOD

All the experiments have been conducted under permission of Fatih University
Medical Faculty. (Ethical commision report for clinical researches Number: B 30 2 FTH
02000 00/0730)

As a preliminary study, a lamb kidney tissue that was bought from a local
slaughterhouse has been practiced with DIS in order to optimize measurement
procedures. After the system stabilized, tissue samples (preserved in PBS solution)
taken from hospital have been homogenized. Homogenized samples were put in
between slides that distance is known. Measurements were taken with DIS. Specteral
range for the study in between 400nm and 700nm was selected and performed in this
range, which is the visible region.

The tissue samples for all experiments have been obtained from Bezmi Alem
Hospital and all of the tissue optical characterization experiments have been perfomed
in Medical Lasers Laboratory at Bogazi¢i University, Institute of Biomedical
Engineering.

2.1 Experimental Set up Of Double Integrating Sphere

The main components of the system are described in the order of path followed by light:
light source, lens 1, monochromator, chopper, lens 2, spheres, a lock-in amplifier. The
light source is the source for the light, which comes out of the monochromator and gets
into the spheres.

Figure 2.1 The light source (Mille Luce M 1000)



A monochromator is an optical device that transmits a mechanically selectable narrow
band of wavelengths of light or other radiation chosen from a wider range of
wavelengths available at the input.

Although some monochromator designs do use focusing gratings that do not need
separate collimators, most use collimating mirrors. Reflective optics is preferred
because they do not introduce dispersive effects of their own [27]. In our system set two
lenses were put in two sides of the monochromator in purpose of gathering the
incoming light and focus it. The first lens was put in between the light source and the
monochromator and the second lens was put in between the monochromator and DIS
system. The monochromator was connected to a desktop PC and controlled by a
programme, which was run on the PC. The desired wavelengths and the increasment
between the wavelength scan steps were adjustable because of this programme on the

\
l

Figure 2.2 Diagram of a monochromator [27]

\

Figure 2.3 The monochromator (CVI DK 480 %2 meter)

A chopper circuit is used to refer to numerous types of electronic switching devices and
circuits. Essentially, a chopper is an electronic switch that is used to interrupt one signal
under the control of another.



Figure 2.4 The chopper used for our study (Stanford Research Systems SR540)

Double Integrating Sphere System used in this study was shown below (Figure 2.5). An
integrating sphere system is a system, which consists of a hollow spherical cavity that
has an inner surface that is covered by a diffuse white reflective coating as well as with
small entrance and exit portholes. Its characteristic is that it is a uniformscattering or
diffusing effect. Any light rays that collide with the inner surface are by multiple
scattering reflections and distributed equally to all other points. The actual directions of
light’s effects are minimized. The system could be thought of as a diffuser that destroys
spatial information but preserves power. It has a baffle inside near to the sample area
which prevents the first reflection and scattered light collected by a dedector because
the system primerly prefers the light to diffuse inside the sphere not come to the
dedector directly [28,29].

- .

Figure 2.5: The Double Integrating Sphere System at Bogazi¢i University, Institute of
Biomedical Engineering (Labsphere General Purpose sphere, spectralon, 4 ports-033
inch diameter)

A lock-in amplifier (also known as a phase-sensitive detector) is a type of amplifier that
can extract a signal with a known carrier wave from an extremely noisy environment
(the signal-to-noise ratio can be -60 dB or even less). It is essentially a homodyne
detector followed by a steep low pass filter, making it very narrow band. Practical lock-
in amplifiers use mixing, through a frequency mixer, to convert the signal's phase and
amplitude to a DC — actually a time varying low frequency — voltage signal [30].



light source chopper test object photo detector  lock-in amplifier gauge

A ? DUT s*z sig [>
gy

ref

chopper control

Figure 2.7 The lock-in amplifier used in our study (Stanford Research Systems, SR510)

The computer system connected can be seen in the picture 2.3 above. And the sphere
system was explained in detail in the Introduction. The only thing remains at this point
that need to be explained the simulation programme that was in used in this study.

Prahl’s Inverse Adding Doubling simulation programme was used in this study.

In the name of using Prahl’s IAD simulation programme, we calculated the reflectance
(MR) and transmittance (MT) values for these are the parameters needed to use the
programme. These values were calculated by two different formulas, which are
indicated below:

R, (r direct rs’tsdirect ’ts)_ R,(0,0,0,0)

Mg = rgq S
RZ(rStd ) rstd 'O’O) - R2 (0!0!010) [E 2]
gn.
And
T 67 1)~ T,(0,0,0,0) an. 3]

T T,(0,011) —T,(0,0,0,0)

Also, to use Prahls’s IAD one needs anisotropy factor [which was accepted as 0.9 in
biological tissues (g=0.9)], refractive index of soft tissues (which was accepted as 1.34),

9



refractive index of the thickness of the sample, thickness of the slides, and diameter of
the entries. These informations were mostly taken from the literature except reflectance
and transmittance values and the thickness of the slides. To measure our specific
reflectance and transmittance values; five different measurements must be made and
each of them must be repeated three times for optimizing the standard deviation of the

system [26]

R2 (rsdirect’rs ’tcsiinect ’ts) T 5 (I'sdim“,l's ,tgirect >ts)

detector detector

incident
light
sample
R, @.14,0,0) T,(0.0.1.1)
detector detector detector
standard ml?;in )
open port
RZ(O,O,O,O) TZ(O,O,O,O)

detector detector

open port blocked
beam

open port

Figure 2.8: The diagram for different measurements which are used to calculate MR and
MT by DIS System

In the first measurement, the reflectance standard, which is 99% reflector, was put on
the exit of reflectance sphere.

10
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Figure 2.9 The Reflectance Standard

The incoming light collides that named as standard and scatters. Some part of the entire
light have been totally reflected from the standard and got out from the way it exactly
came in. But the remaining beams have been scattered all over the inner surface of the
Reflectance Sphere and eventually collected by the dedector. With this type of
measurement the diffused reflectance measurement was made. In the second
measurement, the exit of the reflectance sphere was allowed to stay opened and let all
the light got out. In the third measurement, the light has allowed going through the
reflectance sphere and has got into the transmittance sphere and finally has collided the
exit wall of the sphere. In this case the diffused transmittance value was measured.
Again, in the third measurement, the collimated light accepted as returned on the same
way it came without scattering. In the fourth measurement the light source of the system
was closed and the light captured by the transmittance sphere dedector was measured
when there were no tissues or light in. Theoretically there should be no lights that
catched by the dedector but some minimal values have been recorded because of the
noise in the environment (such as fluorescent light, the light coming out from LCD
screens, etc). Every measurement repeated three times and the records of them have
been saved. After the system optimized and become ready for the measurement of the
tissues, the preparation of the tissue samples has been done [31].

2.2 The Inverse Adding Doubling Method

The purpose of the IAD method is to give fast and accurate solutions for scattering
problems. The main working system of the IAD method is to find a solution to radiative
transport equation which we mentioned earlier, for opposite surfaces [32]

The most important advantage of the IAD method is that it can give repetitive solutions
with computer assitance, furthermore meanwhile giving enough flexibility to take into
account anisotropy factors and internal reflections from the samples [26].

The method consists of four stages:

1. The choice of optical parameters to be measured

2. Counting reflections and transmissions

3. Comparison of calculated and measured reflectance and transmittance

4. Repetition of the procedure until the estimated and measured values coincide with the
desired accuracy

With the reasonable computer assistance the method gives chance for any intended
accuracy to be achieved for all the measurements [26].

The methods consider a 3% of error or less as acceptable.

11



There is term 'doubling’ in the method means that the ingoing and outgoing light angels
of reflection and transmission can be used to calculate both transmittance and
reflectance for a layer by superimposing one on the other and then gives the
contributions to the total reflectance and transmittance [33].

Reflection and transmission in a certain layers that have two different thicknesses are
calculated in order, first for the thin layer (single scattering) and then by doubling the
thickness for any layer [34].

The doubling procedure can be extended to heterogeneous layers in the purpose of
modeling multilayer tissues or also calculating the internal reflections caused by
refractive index, and this whole procedure gives the term of ‘doubling' to the method.

The adding-doubling method is a numerical technique for to solve the one-dimensional
transport equation. Other methods, such as Monte Carlo method, were not a good
solution in regards to that [35].

It also can be used for Medias with two conditions: One is an arbitrary phase and
second is an arbitrary angular distribution of the spatially uniform incident radiation.

This is why the losses for the size and side of the light cannot be calculated for the finite
beam.

1

Les(Mc) = f Iin(M)RML,M)2NnL dn., [Eqn. 4]
0

Where lin(nc), is arbitrary incident radiance angular distribution, nc is the cosine of the
polar angle and R(n'c, nc) is the reflection redistribution function determined by the
optical properties of the slab.

With obvious substitution of the transmission redistribution function T(n'c, nc), the
distribution of the transmitted radiance can be expressed [36].

If M quadrature points are selected to span over the interval (0, 1), the respective
matrices can approximate the reflection and transmission redistribution functions:

R(n[-,-, 'nq) — Ry; T('nl-,-, ‘nc_f) — T [Eqn. 5]

These matrices regarding as the reflection and transmission operators were in order. If a
slab with boundaries indexed as 0 and 2 is comprised of two layers, (01) and (02), with
an internal interface 1 between the layers, the reflection and transmission operators for
the whole slab (02) can be expressed as:

12
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;

L Tl.’(E _ R]',.‘Rl:)—lrr(.'l,

R - Tl:(E _ Rl:JRu)-lRmT:l + R.’I!

_ 7 _ [Eqn. 6]
'rll' = -rlU(E . R!ZRIL')—l'IﬂII,
REF: = rl-l[l(E f3:; RIZRI-J)—IRJI'I*C'] ¥ RU],
Where E is the identity matrix defines in this case as
E; = m(\y, [Eqn. 7]

where
wi is the weight assigned to the ith quadrature point
oij is a Kroneker delta symbol, 6ij =1 ifi=j, and dij = 0 if 1 #]

By taking advantage of these equations and making use of the methods described above
the one can obtain both absorption and scattering coefficients from the measured diffuse
reflectance Rd and diffuse transmittance Td.

To have the results from IAD method one must enter the anisotropy factor g and the
refractive index n as input parameter to the programme.

The IAD method has been successfully applied to determine optical parameters of
blood, human and animal dermis, brain tissues, mucous tissues, cranial bone and other
soft tissues in the wide range of wavelengths.

2.3 Preparation of Tissue Samples

The tissue samples that have been used for actual assestments were obtained from
Bezmialem Hospital and used for this study were pancreas normal (healthy), pancreas
tumor tissues. Beforehand non-cancerous tissues different from pancreas have been
examined as a preliminary study.

Tissues were collected intra operatively and then delivered to the Medical Lasers
Laboratory at Bogazi¢i University Institute of Biomedical Engineering immediately to
have the measurements. The reason why the measurements were done in such a short
notice is that they were needed be measured when they were still fresh. Human tissues
will survive after biopsy for 24 hours at average [37-42].

A specific diameter was needed for the DIS system. As a precaution a plastic circular
plaster was put in between the slides in order to prevent the leakage of tissues and then
the tissue was prepared according to fit in this particular plaster afterwards the other
slide closed on the other (Figure 2.10).
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Figure 2.10 Preparation of a tissue sample for putting in the plaster

2.4 The Measurement Of The Optical Properties Of Healthy and Cancerous
Tissues

In Prahl’s IAD, some paremeters are needed to run the programme and one of them is
the thickness of the sampes. But this thickness should not be the thickness of the tissue
only. Because we put the entire slide into the sample part of the DIS system, the
thickness of the entire slide is needed. So before or after the measurements, this
thickness must be calculated with a micrometer.

* A

Figure 2.12 Prepared tissues in the slides
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Tissue slides in
the DIS system

during a

measurement

At this point of the study, the only parameter left needed to run the IAD programme was
the MR and MT.

The prepared slides put in between the Reflection Sphere (RS) and Transmittance
Sphere (TS)

Figure 2.13 Tissue slides in the DIS system during measurements
RS: Reflection Sphere, TS: Transmittance Sphere

During this measurement, two steps were taken. First, to calculate the MR, the system
connected with the lock-in Amplifier only from the first (reflectance) sphere via
Reflectance Wire. Before setting up the system, it is better to check if the light interacts
with the tissue in an appropriate way. To do that, system sets to 600nm inputs to give
red light. And from the back of the transmittance sphere, this red light can be checked
and seen if it was on the tissue in an appropriate way to have the measurement or not.
After this process’s complete, the system can be set up to 400nm and 700 nm (In all
measurements the scan step value was 5nm) despite that the fact the only meaningful
results could be taken between the ranges of 500nm and 650nm. The reason why 500nm
and 650nm range have been chosen more important than the other wavelengths in the
visible spectrum was because of the light source in our whole system was not sufficient
enough. The light intensity that was taken from the halogen lamp in the system was at
the same level of the environment noise with other wavelengths. And that was why we

choosed 500nm and 650nm range in the study. After the system is set, the process can
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be started. When the light comes into the first sphere and collides with the tissue, some
reflection beams scatter because of the interaction between the light and the tissue and
the Reflectance Dedector catches these reflections and afterwards transform them into
electrical signals and send them to the computer which is connected with the entire DIS
system [43-46]. To have better results for measuring the reflection and scattering the
inner surface of the both sphere was made of a special component, which was made it
easier for the light to diffuse inside the spheres [47-51]. After the process for the
reflectance was done the same process applied for Transmittance Sphere too. But this
time, the Transmittance Dedector cathes the beams that transmitted through the tissue in

the second sphere.

Figure 2.14 Pictures taken from three different stages of the measurement in sequence

Table 2.1 The stages of the computer program

Stages Computer Processes
Stage 1 The incoming light beam gets into the DIS system
Stage 2 The light begins to diffuse in the spheres wavelength of 400 nm and

700 nm with 5nm increasements

Stage 3 The scattering and transmitting light sensed by the dedectors

Stage 4 The computer which is connected to the Double Integrating Sphere

System begins to convert optical data to electronical signals

Stage 5 The computer program begins to show how the tissue and light

interacts
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Stage 6 The computer program gives a graphic for the values of
transmittance and reflection coefficients with corresponding
wavelengths

Same process has applied for every different tissue we obtained from the hospital for
one time only.

17




CHAPTER 3

RESULTS AND DISCUSSIONS

3.1 Preliminary Study

In this part of the study some measurements have been made as a preliminary assay
with non-cancerous tissues like lipid tissue, liver tissue, small intestine tissue and
pancreas tissue.

Table 3.1 The Absorption Coefficients and Scattering Coefficients of Non-Cancerous
Tissue Samples

[ LIVER LIPID S. INTESTINE PANCREAS

Vavelength [nmf e Us Ha s Ha Us Ma Us
500.00 200.00 0.10 0.07 417 1.84 2.10 0.00 23.84
505.00 200.00 0.10 6.65 0.00 0.84 10.80 1.45 2.08
510.00 1.11 9.13 0.28 2.40 2.46 2.00 0.42 11.05
515.00 13.75 0.00 7.27 0.00 19.86 0.00 0.29 9.22
520.00 13.75 0.00 7.27 0.00 19.86 0.00 9.05 0.00
525.00 3.98 1.69 1.52 0.00 5.65 0.00 0.68 4.47
530.00 1.49 393 0.00 0.00 2.84 2.73 1.17 3.20
535.00 13.04 0.00 0.00 0.00 3.06 1.74 3.57 0.00
540.00 4.26 1.61 1.30 0.00 2.64 1.96 0.64 4.36
545.00 5.16 213 1.39 0.00 2.12 2.85 0.62 5.20
550.00 8.29 0.00 0.12 0.00 1.17 5.55 1.96 1.10
555.00 2.55 4.95 0.06 0.00 1.62 4.65 0.74 4,18
560.00 1.63 3.48 0.00 0.00 5.24 0.43 1.29 2.30
565.00 1.89 4.66 0.06 0.00 3.16 1.47 10.36 0.00
570.00 2.49 4.37 0.16 0.00 1.87 3.09 0.62 4.59
575.00 1.44 7.44 0.15 0.87 4.24 0.00 0.48 6.11
580.00 1.54 1.2 0.05 0.85 1.63 3.78 1.13 2.55
585.00 2.55 1.99 0.36 0.00 1.57 3.07 1.79 1.61
590.00 5.97 0.00 0.71 0.00 1.50 2.70 0.59 3.91
595.00 1.12 3.33 0.00 0.16 2.38 1.80 0.75 3.99
600.00 1.05 B.dd 0.00 0.59 1.55 2.83 3.00 0.00
605.00 2.44 5.68 0.42 0.68 1.10 3.66 1.63 1.07
610.00 15.84 0.00 7.42 0.00 3.95 0.59 0.31 8.70
615.00 15.84 0.00 7.42 0.00 0.79 4.52 0.28 6.55
620.00 15.84 0.00 7.42 0.00 0.42 7.3 0.47 5.22
625.00 2.05 3.73 0.50 0.58 0.42 8.27 0.92 EX
630.00 1.00 12.77 0.06 1.57 0.92 2.39 1.75 1.67
635.00 0.48 11.90 0.01 2.37 16.89 0.00 1.28 1.43
640,00 11.88 0.00 6.09 0.00 16.89 0.00 0.20 12.87
645.00 2.69 1.97 0.68 0.00 0.63 4.81 0.00 29.36
650.00 1417 0.00 7.15 0.00 1.32 3.47 0.16 10.13
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CHANGE IN ABSORBANCE COEFFICIENTS (lla) OF HEALTHY TISSUES
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Wavelength (nm)

Figure 3.1: Change in Absorbance Coefficients of Healthy Tissues

At the very first look; it could be seen that the lowest absorption peaks would have been

observed for lipid tissue.

At the most of its absorption trajectory the lipid tissue has been followed the baseline
values. It has been showed peaks around at 510nm, 520nm, 545nm, 610nm, 640nm and
650nm. Between 545nm and 610nm the absorption trajector for lipid tissue has been
followed the baseline, so it could be said that between 545nm and 610nm lipid tissue
has not absorbed any wavelenght. The biggest value for the highest peak for the lipid
tissue was 8 mm™. All of this could be a valuable data to know when trying to diagnos
the healthy lipid tissue from the cancerous lipid tissue with making a comparison. But
this data alone was not sufficient enough to have a general idea of how lipid tissue

interacts with light.

And the second lowest absorption peaks have been observed for healthy pancreas tissue.
It has been showed eight peakts at different wavelength which were 510nm, 520nm,
530nm, 550nm, 570nm, 590nm, 600nm and 630nm. Absorption coefficient trajectory of
the healthy pancreas tissue have never been followed the baseline completely like

healthy lipid tissue.

So, it could be said that healthy pancreas tissue has absorbed more light than the lipid
tissue has did. The highest peak point for the healthy pancreas tissue was at 10 mm™
which was bigger than the highest peak point of the lipid tissue. So, the healthy
pancreas tissue has had more interaction with light than the lipid tissue had, in terms of
absorption criteria. Knowing that at which wavelengths a tissue showed absorption
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peaks, could be a valuable data for light based diagnosis of cancer by using comperative
techniques, though this data alone was not sufficient and could be accepted as a general

look and further investigation was needed.

The highest peak points have been observed for liver tissue and small intestine tissue.
Both tissues have been showed the highest peak points at around 14 mm™, 16mm™,
17mm™ and higher than 20mm™. Healthy liver tissue had more absorption than the
small intestine tissue. So it could be interpreted as that the liver tissue had a very
effective and active absorption structure when it interacted with light at visible
spectrum. The highest peak point for both tissues which was more than 20 mm™ has
been obserbed at around 510 nm. 520 nm was the only wavelength where all of the four

tissues had peak.

Why all of these tissues showed a peak at the same point could be a very valuable
question which needed further investigation. The similar concept have been seen at
around 610 nm and 640 nm but none of these two wavelengths have been showed the
contingency which 520 nm wavelength have been showed. 520 nm point needed further

investigation and could be a valuable data for light based diagnosis of the cancer.

CHANGE IN SCATTERING COEFFICIENTS (|Ls) OF HEALTHY TISSUES

30

==L |VER =&=LIPID SMALL INTESTINE ===PANKREAS

Wavelength (nm)

Figure 3.2: Change in Scattering Coefficients of Healthy Tissues

In general, it could be said that all four tissues have showed similar scattering
trajectories. The highest scattering coefficient in the healthy tissues has been observed
for healthy pancreas tissue at 25mm™ and 30mm™ points. The scattering coefficient
trajectory of the lipid tissue had followed the baseline values almost for all along the
graphic. So, it could be said that the lowest scattering structure was the lipid tissue.
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Other tissues, which are liver, small intestine and pancreas, have showed very similar
trajectories for scattering except the peaks, which were mentioned above for the
pancreas tissue. This behavior of the health pancreas tissue could be a valuable data for

light based diagnosis of the cancer.

The most interesting point for both the absorption coefficients and scattering
coefficients have been observed at 520nm wavelength. At both graphics, at 520nm, all
of four tissues showed peaks at high values. This data alone was the most important
information, which could be gained by the preliminary study part of this study, although

this has no statistical meaning.

3.2 Main Assays
In this part of the study main assays and measurement have been made and stated.

In next sections tables with absorption coefficients and scattering coefficients of
healthy pancreas tissues have been showed with their average and standard deviation

results for all 8 patients.
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Table 3.2 Absorption Coefficients of Healthy Pancreas Tissues for 8 Patients with

Corresponding Average Values and Standard Deviations

Wavelength [nm] Mal Maz MaS Maﬂl- MaE Maﬁ Ma? “as Ma_F\VG ua_STD

300 0.98 0.00 10.51 200.00 1.39 162 0.41 2.78 27.24 63.37
505 111 0.00 5.92 0.60 117 1.51 1.50 2.23 1.75 1.69
510 141 0.04 3.78 0.56 1.23 0.85 150 1.92 141 1.05
515 0.93 0.25 3.77 0.39 1.35 1.20 14.77 1.72 3.05 4.55
520 10.80 0.37 3.52 1.06 116 0.30 1.00 1.98 2,52 3.27
525 1.89 0.44 2.70 1.06 0.81 0.00 0.93 1.61 1138 0.80
530 0.86 0.52 2.39 0.75 1.80 0.00 2.20 1.29 1.23 0.79
535 2.55 0.66 1.87 0.89 118 0.00 2,18 1.74 1.38 0.80
340 0.64 0.51 1.56 1.29 1.55 3.18 2,11 1.90 1.59 0.80
545 2.88 0.54 1.34 1.68 1.23 3.63 1.57 2.22 1.89 0.92
330 0.72 0.45 1.22 2.05 164 0.00 107 144 107 0.62
333 111 0.61 117 1.09 1.83 0.00 147 1.24 108 0.52
560 2.45 0.55 1.02 111 161 4.63 2.60 1.04 1.88 1.24
565 1.07 0.57 1.01 1.22 1.43 0.00 2.19 0.94 1.06 0.60
570 1.01 0.54 1.01 1.21 1.81 3.91 2.66 1.13 1.66 1.04
575 131 0.57 1.05 1.35 1.73 4.09 150 1.24 160 0.99
380 0.95 0.58 1.00 1.59 1.16 2.95 1.45 1.30 1.37 0.67
585 0.65 0.51 1.14 1.68 144 3.11 0.92 1.29 1.34 0.76
590 3.20 0.58 1.22 112 1.46 3.63 147 1.70 1.80 0.99
395 0.70 0.43 1.29 0.88 1.43 4.89 1.95 1.35 1.63 1.31
600 0.56 0.38 1.34 1.21 0.66 3.77 1.23 1.50 1.33 1.00
605 0.70 0.45 1.57 2.55 0.86 0.00 191 1.64 1.21 0.79
610 0.28 0.30 1.67 1.28 1.05 4.11 4.02 2.08 1.85 1.40
615 8.70 0.09 1.58 1.40 112 2,18 3.69 1.60 2,54 2.51
620 0.86 0.08 1.93 0.52 112 2.62 0.54 1.43 114 0.78
625 9.85 0.09 2.99 0.71 116 3.34 0.89 2.40 2.68 2,92
630 0.90 0.06 1.77 0.49 1.19 0.00 0.66 1.59 0.83 0.62
635 0.68 0.00 1.74 9.34 121 0.00 150 1.27 197 2.85
640 0.26 0.00 1.46 9.34 1.27 0.03 0.78 2.26 1.92 2.90
645 0.81 0.00 1.33 0.51 12.24 3.03 15.00 1.81 4.34 5.47
650 0.57 0.00 1.26 8.83 118 0.50 2,42 1.94 2.09 2.65
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Table 3.3 Scattering Coefficients of Healthy Pancreas Tissues for 8 Patients with
Corresponding Average Values and Standard Deviations

Wavelength [nm] “.sl “.52 ”.53 “.54 MSS “.56 “.s? ”.58 MS_AVG us_STD

300 5.63 2.44 0.00 0.10 0.00 0.00 10.42 1.88 2.56 3.49
505 2.87 5.37 2.05 13.41 0.36 0.52 2,28 2.23 3.64 3.97
510 3.19 9.74 3.35 5.87 0.24 0.00 3.17 2.46 3.50 2.93
515 3.89 7.78 2.75 16.28 0.01 0.00 0.00 2.49 4.40 3.23
520 0.00 7.72 251 10.70 0.01 0.00 6.86 1.79 3.70 3.89
525 1.65 6.32 2.62 7.56 0.00 0.00 6.29 1.83 3.28 2.82
530 4.27 5.43 2.26 7.06 0.00 0.00 2,92 1.83 2,97 2,34
535 0.96 3.97 2.30 7.84 0.00 0.00 2.61 0.89 2,32 245
340 5.31 4.93 2.30 5.98 0.00 0.00 2.50 0.53 2.69 2.29
545 0.38 4.70 2.16 3.32 0.00 0.00 3.94 0.02 1.81 1.84
550 4.68 5.53 2.10 3.64 0.00 0.00 5.08 0.74 2.72 2.16
3535 2.75 4.91 2.00 7.37 0.00 0.00 4.46 0.77 2.78 2.46
560 0.72 4.55 2.08 4.98 0.00 0.00 2,10 1.04 1.93 1.80
365 2.82 5.03 2.00 6.23 0.00 0.00 2.01 1.15 241 2.10
570 3.23 4.97 1.99 6.51 0.00 0.00 1.75 0.87 241 2.20
575 2.15 5.36 1.99 4.38 0.00 0.00 3.18 0.77 2,23 1.85
380 3.13 5.70 2.19 2.53 0.00 0.00 2,71 0.79 2.13 177
585 4.04 5.41 2.14 2,17 0.00 0.00 5.18 0.92 2,48 2.04
590 0.00 4.63 2.19 6.43 0.00 0.00 2,71 0.60 2.07 2.27
595 4.07 5.13 2.27 6.12 0.00 0.00 2.44 1.20 2.65 2.14
600 4.21 8.21 2.34 3.72 0.00 0.00 3.58 1.20 291 2,52
605 3.26 6.94 231 1.95 0.01 0.00 1.62 1.27 2,17 2.08
610 7.15 6.91 251 2.44 0.01 0.00 0.00 0.86 2438 2.73
615 0.00 9.43 2.60 3.87 0.00 0.00 0.00 1.52 2,18 3.08
620 3.10 8.68 2.04 5.42 0.00 0.00 5.40 1.60 3.28 2.83
625 0.00 8.48 0.94 4.32 0.01 0.00 4.47 0.61 2,35 2.90
630 2.82 9.65 243 8.65 0.01 0.00 6.79 1.44 3.97 3.60
635 2.54 7.41 2.29 0.00 0.00 0.00 2.81 1.98 2.13 2.30
640 6.84 7.65 2.89 0.00 0.00 0.00 13.28 0.84 3.94 4.57
645 2.21 3.44 3.14 5.85 0.00 0.00 0.00 1.31 1.99 1.96
630 6.30 162 3.20 0.00 0.01 0.00 0.92 1.19 168 2.08

In next sections tables with absorption coefficients and scattering coefficients of
cancerous pancreas tissues have been showed with their average and standard

deviation results for all 8 patients.
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Table 3.4 Absorption Coefficients of Cancerous Pancreas Tissues for 8 Patients with
Corresponding Average Results and Standard Deviations

wavelength [nm] [ laz | B s e [ es [ Las e Wes e ave Ha_sto

S00 0.69 0.00 157 0.13 2.31 3.10 0.08 177 1.21 1.08
505 0.62 0.00 1.00 7.93 3.39 117 0.29 1.55 1.99 2.44
510 0.77 0.01 1.26 0.46 174 0.00 0.35 1.64 0.78 0.65
515 0.57 0.12 117 0.57 2.16 0.00 0.22 1.66 0.81 0.73
520 0.96 0.16 121 0.60 1.82 4.77 0.24 1.40 1.39 1.38
525 0.79 0.19 0.91 0.75 1.43 4.21 0.23 1.08 1.20 1.20
530 114 0.23 0.96 0.62 1.38 0.00 0.26 0.76 0.67 0.45
535 2.04 0.29 0.77 144 112 0.00 0.34 0.61 0.83 0.63
540 1.82 0.22 0.70 0.86 0.97 0.00 0.27 0.62 0.68 0.53
545 0.78 0.25 0.71 2.44 0.94 3.93 0.36 1.24 1.33 1.17
550 0.52 0.21 0.66 1.15 0.87 0.00 0.20 1.29 0.61 0.44
555 0.80 0.27 0.62 0.77 1.08 0.00 0.17 0.51 0.53 0.34
560 0.96 0.28 0.59 0.55 0.84 0.00 0.41 1.44 0.63 0.42
565 141 0.26 0.58 1.23 0.90 0.00 0.35 1.69 0.80 0.56
570 0.77 0.24 0.62 0.67 0.94 5.20 0.18 1.35 1.24 1.53
575 0.81 0.25 0.59 0.63 1.04 4.34 0.19 1.28 1.20 1.42
580 2438 0.24 0.61 1.39 1.15 5.19 0.15 0.87 1.51 1.55
385 0.82 0.25 0.64 0.89 1.20 3.23 0.13 1.08 1.28 1.53
330 1.06 0.27 0.66 1.35 1.139 1.76 0.26 1.38 1.02 0.53
395 1.04 0.23 0.63 0.80 1.08 312 0.44 1.03 1.30 1.47
600 110 0.17 0.74 0.30 1.09 0.00 0.14 0.72 0.53 0.41
605 1.44 0.20 0.79 0.72 1.23 4.36 0.24 0.95 1.24 1.25
610 2.07 0.13 0.72 7.63 1.26 4.96 0.22 110 2.26 2.49
613 0.41 0.04 0.71 0.50 1.54 0.00 0.10 112 0.55 0.51
620 0.40 0.04 0.96 0.57 1.69 5.12 0.07 1.13 1.25 1.55
623 0.52 0.05 2.24 0.64 2.37 4.25 0.08 1.22 1.42 1.36
630 0.34 0.02 0.93 0.44 1.13 0.00 0.07 1.16 0.52 0.47
633 1.02 0.00 0.52 0.17 0.90 3.55 0.14 112 0.93 1.07
640 3.02 0.00 0.51 0.11 0.90 4.04 0.02 113 1.22 1.41
643 2.88 0.00 0.53 0.33 0.99 21.74 0.17 1.20 3.48 6.95
650 0.02 0.00 0.68 0.03 1.03 0.86 0.06 11.62 1.79 3.74
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Table 3.5 Scattering Coefficients of Cancerous Pancreas Tissues for 8 Patients with
Corresponding Average Results and Standard Deviations

Wavelength[oml 11, sz M3 s Hss Hse Ms7 s s ave s so

S00 16.16 1.03 217 18.37 1.46 0.00 9.03 0.00 6.03 7.05
505 3.71 2.00 2.99 0.00 0.00 0.00 7.24 0.01 2.74 3.53
510 4.28 4.09 2.13 11.86 1.59 0.00 3.28 0.00 3.41 3.55
515 6.10 3.61 211 4.43 101 0.00 7.54 0.00 3.10 2.63
520 3.62 3.28 181 3.78 1.16 0.00 5.25 0.00 2.36 1.79
525 4.30 2.81 212 2.63 1.22 0.00 6.49 0.01 2.45 2.05
530 2.84 241 1.73 3.43 0.97 0.00 5.38 0.00 2.09 1.71
535 118 1.76 182 1.34 1.03 0.00 4.20 0.00 1.42 1.24
540 1.64 2.19 1.80 211 101 0.00 4.65 0.00 1.67 1.39
545 3.89 2.18 1.64 0.00 0.88 0.00 4.30 0.00 1.61 1.62
550 5.49 2.36 161 1.54 0.93 0.00 5.59 0.00 2.19 2.07
555 3.74 2.00 1.62 2.86 0.60 0.00 5.58 0.00 2.05 1.83
560 2.87 1.91 1.60 2.67 0.82 0.00 2.84 0.00 1.59 1.12
565 1.97 212 1.54 1.46 0.74 0.00 3.88 0.00 1.46 1.19
570 3.20 2.20 1.46 2.90 0.69 0.00 6.10 0.00 2.07 1.91
575 2.93 2.38 1.50 2.51 0.60 0.00 4.30 0.00 1.78 1.43
580 0.67 242 1.47 1.23 0.54 0.00 5.00 0.00 1.42 1.55
585 3.06 2.40 1.50 1.94 0.59 0.00 5.39 0.00 1.86 1.69
590 2.30 2.15 1.50 0.81 0.71 0.00 3.60 0.00 1.38 1.17
595 2.60 2.16 1.60 1.93 1.00 0.00 1.97 0.00 1.41 0.92
600 2.30 3.64 131 4.12 118 0.00 3.20 0.00 2.24 1.80
605 1.15 3.07 138 1.99 1.22 0.00 3.84 0.01 1.61 1.26
610 0.66 3.43 1.86 0.00 1.24 0.00 3.43 0.00 1.33 1.36
613 4.84 4.38 1.90 3.36 0.96 0.00 5.31 0.00 2.59 2.03
620 6.27 4.02 1.34 2.98 0.83 0.00 4.87 0.01 2.54 2.20
623 5.70 3.71 0.01 2.23 0.17 0.03 4.76 0.00 2.08 2.22
630 8.02 4.29 1.43 2.53 1.38 0.00 4.76 0.01 2.81 2.57
633 2.79 3.65 2.51 7.13 191 0.00 3.30 0.08 2.67 211
640 0.00 3.32 2.74 8.41 2.00 0.00 12.17 0.00 3.58 4.17
645 0.00 1.47 2.59 2.72 1.83 0.00 4.40 0.00 1.63 1.49
650 14.82 0.86 1.76 11.49 1.90 0.00 3.87 0.00 4.34 5.29

3.3 Comparison Of Main Assays

In this part of the study a comparison between the healthy and cancerous pancreas
tissues for both absorption coefficients and scattering coefficients have been made to
see how they have interacted with the same wavelength. This examination could be
accepted as a key point in this study to gain a better understanding of how pancreas

behave at different wavelength when it was healthy stage and cancerous stage.
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ABSORPTION COEFFICIENTS OF HEALTHY AND TUMOR PANKREAS TISSUE: 8 PATIENTS
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Figure 3.3: Comparison of Absoprtion Coefficients of Healthy and Tumor (Cancerous)

Pancreas Tissues for 8 Patients

The absorption coefficients of healthy and cancerous pancreas tissues for eight patients
have been showed on the graphic above. It could be seen that both the healthy and
cancerous pancreas tissues have absorbed light between 500nm and 650nm and none of
the absorption trajectories for healthy or cancerous pancreas tissues have never
decreased to the bottom line. So, both healthy and cancerous pancreas tissues have
absorbed the wavelengths between 500nm and 650nm spectrum. If a comparison has
been made between all eight healthy and cancerous pancreas tissue samples it could be
seen that healthy pancreas tissues had higher peak points than cancerous pancreas
tissues almost at every wavelength. The highest peak point for cancerous pancreas
tissue have been observed at 3.5mm™ but on the other hand the highest peak point for
healthy cancerous tissue have been observed at points bigger than 5mm™. This could be
interpreted as that the healthy pancreas tissue had absorber structure than the cancerous
tissue. So, it could be said that the cancer had changed the healthy tissue's structure and
its optical properties therefore its interactions with light had been altered. This data had
been obtained from all eight patients and therefore could be accepted as a proof that
supports our hypothesis. The statistical significant differences have been indicated as
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circles and squares on the graphic above, but the statistical investigations will be given
in the chapter 3.4.
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Figure 3.4: Comparison of Scattering Coefficients of Healthy and Tumor (Cancerous)
Pancreas Tissues for 8 Patients

The scattering coefficients of healthy and cancerous pancreas tissues for eight patients
have been showed on the graphic above. In general the same concept which has been
accepted for absorption coefficients could be accepted for the scattering coefficients too
which was that healthy pancreas tissues had higher absorption values than the cancerous
pancreas tissues. In general the highest peak point values have been observed for
cancerous tissues which was the exact opposite case for absorption coefficients. The
highest peak point of the scattering coefficients of the cancerous tissues was gone
beyond 5mm™. But the highest peak point of the scattering coefficients of the healthy
tissues have been observed at 4.5mm™. And again, in general, the trajectories of both
healthy pancreas tissues and cancerous pancreas tissues have showed similarities. None
of the eight patients have been showed a bottomline value for both healthy and
cancerous tissue which could be interpreted as both healthy pancreas tissue and
cancerous pancreas tissue have been scattered in the choosen wavelength range. All of

the observations which have been taken from the graphic above could be interpreted as
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that the healthy pancreas tissue had a more scattering structure than the cancerous
healthy tissue. So, it could said that the cancer had changed the healthy tissue's structure
and its optical properties therefore its interactions with light had been altered. This data
had been obtained from all eight patients and therefore could be accepted as a proof

which supports our hypothesis.

3.4 Statistical Analysis

In the purpose of getting meaningful results from the study, T-Test has been applied as a
statistical analysis for absorption coefficients and scattering coefficients. By using the
T-Test we have observed if there was any significant differences between the tissue
samples. T-Test has been applied to both absorption coefficients and scattering

coefficients for healthy and cancerous pancreas tissue samples.

According to the result of two tailed and paired T-Test; the only significant differences
were recorded at 550nm and 630nm wavelength. It could be interpreted as that, at
550nm and 630 nm wavelengths, healthy and cancerous pancreas tissues have showed
significantly different absorption coeficients because of the pancreas tissue’s structure
and optical properties. With this significant difference it was possible to be said that at
these wavelengths both tissues could be seperated by using the DIS system. This data

will help pathology and histology to confirm the assessment.

On the other hand; there were no statistical difference has been found for the scattering

coefficients at any wavelenght.

3.5 Pathological Results

In this part of the study, the pathological findings have been examined.
For patient 1:

Age: 55

Sex: Male

Type of the tumor: Malign pancreas neoplasm

Size: 1,2cmX1cmX0,5¢cm
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Histological type: Ductal adenocarcinoma
Histological grade: 11

For Patient 2:

Age: 69

Sex: Male

Type of the tumor: Malign pancreas neoplasm
Size: 4cmX3cmX3cm

Histological type: Ductal adenocarcinoma
Histological grade: 111

For Patient 3:

Age: 48

Sex: Male

Type of the tumor: Malign pancreas neoplasm
Size: 4cmX2,5cmX2cm

Histological type: Primary or secondary type
Histological grade: Borderline

For Patient 4:

Age: 61

Sex: Male

Type of the tumor: Malign pancreas neoplasm
Size: 2,7cmx2 cmx2,5cm

Histological type: Ductal adenocarcinoma

Histological grade: I11

For Patient 5:

Age: 83
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Sex: Male

Type of the tumor: No sign of neoplasm at the pancreas
Size: 2,7cmX3cmX2cm

Histological type: Ductal adenocarcinoma
Histological grade: 111

For Patient 6:

Age: 67

Sex: Female

Type of the tumor: Malign Pancreas Neoplasm
Size: 2,5cmX2cmX1,5cm

Histological type: Ductal adenocarcinoma
Histological grade: 11

For Patient 7:

Age: 72

Sex: Male

Type of the tumor: Malign Pancreas Neoplasm
Size: 2,3cmX2cmX1,5cm

Histological type: Ductal adenocarcinoma
Histological grade: 11

For Patient 8:

Age: 58

Sex: Female

Type of the tumor: Malign Pancreas Neoplasm
Size: 3,2cmX5cmX0,5cm

Histological type: Ductal adenocarcinoma

Histological grade: 111
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

It was possible to be said that the hypothesis of the entire study has been proved. In the
Chapter 3, it could be seen obviously that the optical charecteristics of cancerous and
normal tissues were different for every single tissue sample. By that it could be possible
to be said that the optical charecteristics of a healthy tissue have been changed with a
neoplasm (cancer/tumor) growing inside of it and therefore its complete structure have
been changed and so its interactions with light at every wavelength have been
eventually changed. By examining the differences between the cancerous and healthy
pancreas tissues, how a pancreas tissue, whether it was cancerous or non-cancerous,
behaves between the range of 500nm and 650nm have been observed. The DIS system
has been proved useful to distinguish these different behaviors of cancerous and non-
cancerous tissues at any selected wavelength. With 5nm increasment steps, how a single
tissue’s cancerous and non-cancerous structure behaves at a specific wavelength
between 500nm and 650nm have been observed and then have been compared among
all 8 patients. To achieve a better understanding of these differencies T-Test has been
applied as a statistical analyzes. And as a result of the statistical analyzes the only
significant differencies have been observed at 550nm and 630nm. These results then
have been compared with pathological results which were taken from the hospital.
Histological type of all cancerous pancreas tissue samples were Ductal
Adenocarcinoma. Their histological grades were between Grade 1l and Grade I11. None
of the cancerous pancreas tissue samples were Grade | or Grade IV. The type for the
most of the cancerous pancreas tissue samples were Malign Neoplasm. The lowest age
has been observed was 48. And the sizes of the cancerous pancreas tissue samples were
various from 1,2cmX1cmX0,5cm (the smallest) to 4cmX2,5cmX2cm(the biggest).
Therefore, as a result of a comparison with pathological findings, it was not possible to
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be said that any of these finding such as grade level, age etc were related with outcome
we have gained from the DIS system. Grade | and Grade 1V levels, any age younger
than 48, any other type rather than Ductal Adenocarcinoma have not been observed, but
alone these findings alone were not enough to conclude the pathlogical results with the
light interactions results. Therefore further investigations have been needed with more
tissue samples. All of these findings could be a very sourceful and useful data for light
based treatments and diagnosis of the pancreas cancer. To know exactly how cancerous
pancreas tissue and non-cancerous pancreas tissue behaves at 550nm and 630nm could
be used by researchers who deals with therapies like PhotoDynamic Therapy (PDT) or
LLLT (Low Level Laser Therapy). Results of this study will be shed light on inspection
of pathological changes of tissues, and improvement of clinical applications such as
these therapies. Today, in almost every cancer surgeons still have troubles about
locating the cancer and taking enough tissue from the patient who has cancer. By using
light and tissue interaction methods like DIS and IAD, in future, there even might be no
need left for pathological rooms in Operating Rooms. And in future, cancer surgeons
might be able to use these kinds of systems for two purposes. One; is to locate the
cancer (diagnosis). And the second one is, by making further investigations about the
subject, diagnosing the cancer. So, this way, the doctors will not even need pathological
assestments for cancer. This will both save time and unnecessary insicions or surgical
techniques in ORs. But further investigations have been needed to understand other
types of cancers and how they behave for specific wavelength. The entire study also
could be expanded to Infrared region to find out other valuable datas for diagnosis and

treatment aspects of cancer.

NOVELTY OF THE THESIS

The novelty of the thesis was to measure optical properties of different types of tissues
in the same study but mainly focus on the pancreas cancer. The light and tissue
interaction for more than just one type of tissue were observed in the study. The novelty
of the study was to compare healthy and cancerous pancreas tissues by taking into
account the pathological results in every aspect such as size, grade etc. The further
study could be done in both ultraviolet and infrared regions which were two borders of
the visible field. And in a further reasearch the number of the tissue samples could be
increased too have more statistical meanings. But yet, all of this study was enough to
prove that it was possible to understand how light interacted with cancerous and healthy
pancreas tissue especially at 550nm and 630nm.
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