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CHAPTER 1 

Introduction 
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1.1 Optical diagnostics of malignant tissue 
During the last decades no significant improvements in cure rate of solid tumours have been 
achieved. In order to improve the treatment prognosis and cure rate it is important to detect tumours 
at an early stage. For this purpose optical spectroscopic techniques have been developed which can 
non-invasivelly detect superficial tumours in vivo. They are suitable for superficially situated 
tumours for instance in the cervix, skin, bladder, colon and bronchus. In contrast to detection 
techniques such as magnetic resonance imaging (MRI) and computed tomography (CT), the optical 
techniques use smaller set-ups which can be transported to the patient in the ward or an operation 
room if needed. 

Several optical techniques can be distinguished, such as white light examination, Raman 
spectroscopy (Mahadevan-Jansen and Richards-Kortum 1996), elastic scattering measurements 
(Mourant et al. 1995), autofluorescence measurements (Schomacker et al. 1992, Mahadevan et al. 
1993, Hung et al. 1991, Lam et al. 1998) and detection of tumour-localising fluorescent dyes (Profio 
et al. 1983, Baumgartner et al. 1987, Wagnieres et al. 1998). The work in this thesis focuses on 
measurement techniques for detection of tumour-localising fluorescent dyes. Contrast between 
malignant and normal tissue is enhanced using a fluorescent dye. This contrast enhancement is 
sometimes suppressed by tissue absorption or overlapping autofluorescence. The purpose with this 
thesis was to investigate two measurement techniques of tumour localising fluorescent dyes, and to 
determine the influence of different tissue parameters on measurements with these techniques. 

1.2 Fluorescence diagnostics using tumour-localising fluorophores 
The tumour localising fluorophore can be systemically or locally administered. Depending on the 
way of administration, its metabolism and possible bleaching, the fluorophore clears from the body 
after a certain time, varying from weeks to a few days depending on the fluorophore. Due to the 
limited penetration depth of light, ranging from about 100 |J.m for violet-blue light to 1-2 cm for red 
light, fluorescence detection is suited for superficially situated or exposed tumours. The skin and the 
oral cavity are examples of tissues directly accessible for examination. Other tissues like bronchus 
or colonic mucosa can only be assessed by endoscopy. Moreover, during surgery, deeper lying 
tissues are accessible for fluorescence detection. The characteristic fluorescence spectrum of the 
fluorophore makes it easy to distinguish fluorophore fluorescence from the tissue autofluorescence 
(see Fig. 1). 
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Figure I. Fluorescence spectrum in vivo after administration of the tumour-selective fluorophore meta-
tetra(hydroxyphenyl)chlorin with an emission peak around 650 nm after excitation with 405 nm. The fluorescence in 
the green-orange part of the spectrum is due to autofluorescence. 

Theoretically, the ideal fluorescent tumour localising dye is tumour-selective, has a high 
fluorescence yield, induces no unacceptable side effects, is easy to administer and can be used 
repeatedly. Presently, a number of fluorescent dyes are available for experimental work, and a few 
for clinical investigations. The ones used clinically are often developed for photodynamic therapy 
i.PDT). These dyes are potent photosensitisers and produce significant side effects, too severe to 
allow application for purely diagnostic purposes. Research on the development of new tumour 
localising fluorescent dyes has gained the interest of pharmaceutical companies and new fluorescent 
dyes suitable for diagnostic purposes are expected in the near future. 

The aim of a fluorescence diagnostic technique is to accurately measure the concentration contrast 
of the fluorescence tumour localising dye in tumour and normal tissue. Ideally, the detected signal 
should be proportional to the fluorophore concentration. Several optical phenomena complicate the 
relation between the amount of fluorescence measured at the tissue surface and the concentration of 
the fluorescent dye inside the tissue. Measurement geometry and excitation light intensity influence 
ihe fluorescence intensity. This problem can be overcome if identical measurement conditions are 
kept or a calibration with a standard fluorescent sample can be made. Several fluorescence detection 
techniques have been developed to correct for additional factors which influence fluorescence 
measurements in vivo, e.g. varying tissue optical properties and autofluorescence (Profio et al. 1983, 
Baumgartneretal. 1987, Ankerst et al. 1984, Monnier et al. 1990). One of them is the Double Ratio 
(DR) method developed in the Laser Centre, AMC, in Amsterdam (Sinaasappel and Sterenborg 
1993). In this method two excitation wavelengths and two detection wavelengths are used. A ratio 
between four fluorescence intensities is calculated to obtain a value independent of tissue optical 
properties. Theoretically, the Double Ratio technique can be used to measure absolute fluorophore 
concentrations in vivo. 
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1.3 Motivation for the present work 
In 1993, the Double Ratio method had been tested on optical tissue phantoms. An evaluation in vivo 
was considered necessary to see whether the DR was suitable for fluorescence detection of 
malignant tissue and absolute fluorophore concentration measurements, and whether the specific 
DR characteristics, such as the correction for varying optical properties and autofluorescence, were 
valid in vivo. In addition, the measurement set-up had to be improved to allow routine in vivo 
fluorescence measurements in the clinic. This was the starting point of the present thesis. During the 
work, a new fluorescence measurement technique was developed called the Normalised 
Fluorescence Ratio (NFR) technique, which proved to be more useful for measuring 
pharmacokinetics of fluorophores. This thesis concerns the evaluation of these two techniques. 
These techniques were developed to quantitatively measure fluorophore concentration in vivo which 
makes them different from other fluorescence detection techniques. Specifically, our goal was to 
answer the following questions: 

1) Are the DR and NFR techniques suitable for tumour detection in vivo? 
2) Is the NFR value in vivo proportional to the fluorophore concentration? 
3) Can the DR technique be used for absolute measurements of fluorophore concentration in vivo? 

1.4 Outline of this thesis 
Chapter 2 describes the first measurements evaluating the DR technique in vivo. A fluorophore was 
applied on normal moles and skin of volunteers and it was investigated whether the DR value was 
independent of the absorption difference between the pigmented moles and skin. Assuming that the 
moles accumulated the added fluorophore like normally pigmented skin, no difference in DR value 
was expected between mole and skin despite the difference in absorption. 
Chapter 3 describes measurements with the DR technique to determine fluorophore 
pharmacokinetics, a common application for fluorescence detection in PDT. A fluorophore in 
normal piglet skin was measured at different times after administration. 
Chapter 4 describes an investigation on whether a difference between malignant and normal tissue 
could be measured using the DR and NFR techniques. This was performed in patients with multiple 
basal cell carcinomas. Pharmacokinetics and tumour to normal fluorophore concentration ratios 
were measured optically. The work in chapter 4 was made in combination with PDT of the skin 
tumours and the results of this therapeutic study are presented in chapter 5. 
Further investigation of the NFR technique is presented in chapter 6. Measurements on deep lying 
tumours in an animal model were performed and a mathematical fluorescence model was developed 
to assess the effects of different tissue parameters that influence the NFR value. 
Comparison between the NFR value and fluorophore concentration was an important issue in the 
work of this thesis. In chapter 7 the NFR was used on a rat liver tumour model. This chapter 
presents PDT therapeutic results on this tumour model. A small study was performed to compare 
tumour to normal tissue ratios obtained with the NFR technique, with fluorophore concentrations 
found by extraction. Chapter 8 describes an extended study concerning comparison between NFR 
values in vivo and fluorophore concentration. The same rat tumour model was used. 
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In chapter 9 several fluorescence detection techniques, including the DR and NFR techniques, were 
evaluated mathematically using a one dimensional analytical model and varying various relevant 
tissue parameters. 
In chapter 10 the results of this thesis are discussed and some conclusions are presented. 
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