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ABSTRACT

In contrast to other interstitial applications of photodynamic therapy (PDT), optical guidance 

or monitoring in the Head and neck is at a very early stage of development. The present 

study reviews the use of optical approaches, in particular optical spectroscopy, that have 

been used or have the potential to guide the application of PDT. When considering the 

usefulness of these methods it is important to consider the volume over which these 

measurements are acquired, the influence of differences in and changes to the background 

optical properties, the implications for these effects on the measured parameters and the 

difficulty of incorporating these types of measurements in clinical practice in Head and neck 

PDT. To illustrate these considerations we present an application of a recently developed 

technique we term fluorescence differential path length spectroscopy for monitoring meta-

tetra(hydroxyphenyl)-chlorin (m-THPC) or Foscan-PDT of interstitial Head and neck cancer.



61

Chapter 4

1. INTRODUCTION

Photodynamic therapy (PDT) is now established as a treatment modality for a range of solid 

tumors [1-3]. It is based on the use of a photosensitizer that is administered systemically. 

Excitation of a photosensitizer with light of an appropriate wavelength results in the transfer 

of energy to molecular oxygen, which leads to the formation of reactive oxygen species. 

These species lead to the destruction of the target tissue, and surrounding normal tissue, by 

a range of mechanisms that include direct tumor cell kill, destruction of tumor vasculature 

and an immune response against tumor cells [4-7].

PDT has been applied widely in many clinical specialties. A survey of the literature on PDT 

yields relatively few publications dealing with Head and neck cancer compared to, for 

example, prostate, esophageal or lung cancer. The reason for this is likely to be related to 

the current lack of regulatory approval for PDT in the United States and the only recent 

approval of PDT for Head and neck cancer in Europe for a limited number of indications. 

Notwithstanding these regulatory issues, a number of research groups are investigating the 

application of PDT in Head and neck cancer with significant clinical success. A particularly 

good example of efforts to this end is the application of PDT using the photosensitizer meta-

tetra(hydroxyphenyl)chlorin (mTHPC), Temoporfin® or Foscan®. MTHPC is approved for 

palliative treatment of squamous cell carcinoma (SCC) of the head and neck in the European 

Union [2,8.9] and is used for curative intent in superficial tumors in the oral cavity.

Head and neck SCC has an incidence of 780,000 new cases a year [10]. The number of newly 

diagnosed head and neck cancer patients is unfortunately still increasing. Recent data from 

the Dutch cancer registry have shown a 10% increase from 2400 new cases/year in 2003 to 

approximately 2650 in 2005 [10, 11]. Approximately 40-50 % of patients die of recurrent 

or residual disease after conventional treatment. In addition, 20% of these patients show 

a second primary tumor of the head and neck region. Surgery and/or radiotherapy are the 

cornerstones of first line therapy [12]. However, in case of recurrent or residual disease, 

there are often very limited options. Surgery is often not feasible because of the inoperability 

of the tumor or ethically unacceptable collateral damage. Radiotherapy, possibly combined 

with chemotherapy, can only be given to a certain maximum dose, which usually is reached 

during the primary treatment. Re-irradiation can be an option in selected cases but is not 

routinely applied. Conventional treatment strategies have considerable limitations in these 

cases of recurrent disease.

PDT does not utilize hazardous ionizing radiation and in principal does not have a maximal 

cumulative dose. For this reason PDT remains a treatment option in the case of recurrence 

or residual disease after the initial treatment. It has successfully been applied in the primary 



62

Optical Spectroscopy to Guide Photodynamic Therapy of Head and neck Tumors

treatment of superficial squamous cell carcinoma and in palliative treatment of recurrent 

disease. The major advantage of PDT over conventional surgery or radiotherapy is that the 

wounds heal with less collateral damage [13, 14].

The therapeutic effect in PDT is mediated by the production of reactive oxygen species in 

tissue and depends on the presence of 3 components; light, photosensitizer and oxygen, 

each in sufficient quantities to ablate tissue in the treatment volume. If one is missing, 

there is no biological effect. Studies have shown that inter and intra-subject differences in 

parameters such as tissue optical properties and subsequent differences in delivered fluence 

(rate), uptake of photosensitizer and tissue response to PDT can lead to wide variations 

in the dose delivered during PDT [15-17]. Each of these parameters can be different for 

individual lesions, patients, and crucially, they are interdependent and change dynamically 

during, often as a result of therapy [16,18]. There is a growing body of evidence to suggest 

that the combined selectively offered by light and photosensitizer adds significantly to 

the complexity of PDT and that this can lead to the wide variations in the PDT dose that 

is delivered to the target tissue and the surrounding normal tissues. These dosimetric 

uncertainties can easily lead to under treatment of the tumor and/or to the over treatment 

of normal tissue. The present manuscript describes how ranges of optical approaches, in 

particular optical spectroscopy have been or could be applied to guide PDT in the treatment 

of Head and neck cancer.

Review: PDT is an optical therapy in which light, normally red light, is delivered to the 

treatment site. In Head and neck cancer the treatment site (or target volume) can range 

from a superficial lesion in the oral cavity, the mucosa of an internal lining of a cavity such 

as the nasopharynx or large solid tumor in, or example, the tongue base. It is important to 

recognize that the delivery of light to these markedly different volumes of tissue is a critical 

consideration, that is the subject of numerous ongoing studies [19-21]. For superficial 

lesions it is relatively straightforward to deliver light using surface illumination. However for 

intra-cavity illumination and the treatment of large tumors, where interstitial illumination is 

necessary, the delivery of light, only one of the components that is necessary for effective 

PDT, can be very challenging. While it is not necessary to use spectroscopy to monitor the 

distribution of light within tissue it is critical to many of the associated factors that influence 

PDT. Measuring, modeling and monitoring the distribution of treatment light in tissue has a 

very long history [22] and has led to a deep understanding of the importance of tissue optical 

properties. Optical spectroscopy can be used to measure tissue optical properties that have 

been used by many investigators to inform the choice of PDT treatment parameters such as 

the illumination wavelength, the separation of interstitial treatment fibers and the choice 

of optical treatment parameters such as fluence and fluence rate. These parameters are 
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dependent on the illumination wavelength, which is normally determined by the photo-

physical properties of the photosensitizer. The absorption and fluorescence characteristics 

of photosensitizers mean that they can be interrogated using optical spectroscopy. The 

concentration of photosensitizer is clearly an important parameter in the efficacy of PDT. 

Differences in the uptake of photosensitizer in tumor tissue, between lesions and/or 

patients and differences between the uptake in tumor and the surrounding normal tissue 

are concepts that are critical to effective PDT. Both the absorption and fluorescence 

properties of photosensitizer have been investigated for monitoring their concentrations. 

Photosensitizer spectroscopy in this sense can be limited to the ex-vivo measurement of 

the concentrations of drug in tissue samples or it can be extended to incorporate in-vivo 

measurements. Monitoring photosensitizer pharmacokinetics (both temporal and spatial) 

is one of the most fundamental areas of PDT investigation and examples of these types of 

studies are too numerous to mention. The use of absorption and fluorescence spectroscopy 

is described in greater detail below but it is important to carefully consider the path 

length of light in tissue if these types of measurements are to be quantitative. It is also 

useful to note that absorption techniques are affected by lower signal to noise ratios and 

measurement techniques encounter challenges associated with limited dynamic range when 

photosensitizers with low absorption coefficients are encountered at low concentrations. 

In contrast, the dynamic range for fluorescence measurements is much larger than for 

absorption measurements since the fluorescence is measured at a different wavelength 

than the excitation light. It is also important to note that absorption and fluorescence 

measurements should be interpreted with care. Fluorescence emission from fluorophores 

is influenced by their environment. There exists a complex relationship between the 

concentration of a chromophore and its absorption cross-section and fluorescence emission 

intensity. In-vivo fluorescence (and to a lesser degree absorption) can be altered by many 

factors that include changes in quantum yield induced by changes in the microenvironment 

[23], photobleaching [24], biological compartmentalization, and alteration in binding and 

aggregation [25,26].

In-vivo absorption and to a greater degree fluorescence spectroscopy are often used to 

monitor pharmacokinetics in pre-clinical models. These techniques are much less often 

used in the clinical environment. This is unfortunate since this is where they can potentially 

have the greatest impact. Measuring photosensitizer pharmacokinetics is not the only area 

in which photosensitizer spectroscopy can be utilized in guiding or monitoring PDT. Clearly 

PDT is a complex photo-chemical/biological process and is influenced by a wide range of 

parameters. Optical spectroscopy has been used to investigate the processes that occur 

during PDT. The process of progressive destruction of the photosensitizer during PDT, 

mediated by the generation of reactive oxygen species was recognized as an important 
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factor in PDT dosimetry over two decades ago. This process termed photosensitizer 

photobleaching has since been investigated in numerous pre-clinical studies for many 

photosensitizers. Photobleaching was originally thought to be advantageous since 

differential uptake of photosensitizer in tumor and normal combined with photobleaching 

to enhance selectivity [27]. Since these early studies, investigations utilizing photobleaching 

has led investigators to a greater understanding of the photochemistry that is underlying 

PDT and have been incorporated into dosimetric models for PDT [23,28]. Over this time 

period the understanding of the complexity of the role of tissue vasculature and the demand 

(and supply) of oxygen during PDT has increased dramatically. The important role of fluence 

rate on the photobiology that occurs during PDT and its relationship to PDT response is 

becoming increasingly clear [29]. In many circumstances the choice of clinical fluence rate is 

far above that that has been shown to be optimal in pre-clinical models. Again it is important 

to highlight two points. First, it is critical to understand the mechanisms underlying the 

processes surrounding fluorescence photobleaching and how they relate to tissue response. 

These can be different for different photosensitizers and different for different environments. 

Second, just as for pharmacokinetic measurements it is disappointing that very few clinical 

studies have incorporated these types of measurements.

Optical spectroscopy can also be used to study other important effects that are related 

to the PDT process that may be used to guide PDT in Head and Neck cancer. Reflectance 

spectroscopy can be used to interrogate the tissue before, during, and after PDT to monitor 

changes in the concentration of native absorbers. The predominate absorbers in the visible 

region of the spectrum in tissue are oxy- and deoxhemoglobin. These can and have been 

used to determine variations in physiological parameters such as blood saturation and 

blood content (volume). These types of techniques have been used in PDT by a number 

of investigators to monitor the vascular response to PDT [30-32]. Depending on the 

photosensitizer and its localization, the acute vascular response can be useful in predicting 

the overall response to PDT. These approaches are particularly important for predominately 

vascular-based photosensitizer such as Visudyne and Tookad. In this context it is important 

to consider blood flow in tissue undergoing PDT. Here other novel approaches such as laser 

speckle imaging [32] and diffuse correlation spectroscopy [33] have been utilized to monitor 

blood flow. It is also possible to consider the use of other spectroscopy techniques such 

as Raman spectroscopy [34] and spectroscopic optical coherence tomography [35] but 

considering the complexity of these techniques they are not yet ready for implementation 

for guiding or monitoring PDT. 

When considering the spectroscopic approaches described above and their utility for 

guiding PDT in the Head and Neck it is important to consider 1) the volume over which 
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these measurements are acquired 2) the influence of differences in and changes to the 

background optical properties and 3) the implications for these effects on the measured 

parameters and 4) the difficulty of incorporating these types of measurements in clinical 

practice in Head and Neck PDT.

To illustrate these considerations we present an application of a recently developed 

technique we term fluorescence differential path length spectroscopy (FDPS) for monitoring 

MTHPC-PDT in Head and Neck cancer.

2. MATERIALS AND METHODS

2.1. OPTICAL SPECTROSCOPY

The non-invasive quantitative optical measurement of chromophore concentrations in tissue 

requires knowledge of the optical path length in the tissue. For most fiber-optic measurement 

geometries the optical path length depends on the scattering coefficient ms and on the 

absorption coefficient ma. Since both ms and ma vary significantly in tissue, quantitative 

measurements prove to be difficult in tissue unless specific fiber-optic measurement 

geometries are chosen. For example, the optical pharmacokinetic spectroscopy (OPS) device 

developed by Mourant et al [36] uses elastic scattering spectra of tissue to calculate the 

concentration of chromophores in tissue. This device utilizes a fiber-optic probe that contains 

a single source and a single detector fiber that are separated by 2 mm. This separation was 

chosen to minimize the dependence of the path length of the collected photons on scattering 

properties of tissue. For scattering parameters that are typical of tissue, the path length 

varies by less than 20% for a given background absorption. A drawback of this method is that 

the path length is sensitive to the (background) absorption coefficient of tissue. This means 

that the amount of measured absorption due to the target chromophore strongly depends 

on the local blood content and blood saturation. As a consequence a measurement must be 

made prior to injection of the target chromophore and only changes in concentration can 

be measured assuming that the background absorption does not change in time. This makes 

OPS measurements difficult when a background reflectance spectrum cannot be acquired, 

and even more difficult to interpret when there are changes in the background absorption 

of tissue. Changes in background absorption can occur for a variety of reasons, for example 

pressure between the measurement probe and the surface of the tissue can influence the 

blood content. Open surgical procedures can significantly influence both blood volume and 

saturation. Furthermore, changes in background absorption are a particular problem during 

photodynamic therapy (PDT) since blood volume and saturation can change as a result of 

the therapy itself. Another technique that features a known path length is differential path 



66

Optical Spectroscopy to Guide Photodynamic Therapy of Head and neck Tumors

length spectroscopy (DPS) [37]. The path length of photons contributing to the differential 

reflectance signal varies only slightly over a very broad range of both scattering and 

absorption coefficients. This facilitates quantitative concentration measurements even for 

strong variations in either absorption or scattering. For this reason, we have now developed 

a technique based on the principles of DPS (subtraction of the diffuse photons to obtain a 

well-defined measurement volume) but with the enhanced dynamic range of fluorescence 

measurements: fluorescence-DPS (FDPS) [38].

2.2. PATIENTS AND PROCEDURE

Patients undergoing PDT for the palliative treatment of Squamous Cell Carcinoma of the 

Head and Neck gave written informed consent to participate in the study and the local 

hospital ethics committee approved the study. Ninety-six hours before illumination patients 

were administered with 0.15 mg/kg intravenous Foscan (Biolitec Pharma, Ireland). On the 

day of the illumination hollow needles are inserted percutaneously through the palpable 

tumor mass. Tumor volumes can range from 40 cm3 up to 150 cm3. Catheters are positioned 

in rows with an inter catheter distance of less then <15mm to aim for full coverage of the 

excitation light throughout the tumor volume. After the inner sections of the needles 

are removed, the catheters are guided to the needle tip, the needles are withdrawn and 

the transparent catheters are in position. After all of the catheters are in place, they are 

filled with dummy after-loader. Each after-loader consists of a thin flexible wire with lead 

beads with an inter distance spacing of 10 mm that allows for the unique identification of 

each catheter under X-ray imaging. In order to confirm proper catheter identification and 

localization two orthogonal images are acquired. Based upon this information, the length 

and insertion depth of each cylindrical diffuser is estimated. During therapy each linear 

diffuser sequentially delivers a fixed incident radiant exposure of 30 J cm-1 at a irradiance 

of 100 mW cm-1.

2.3. FLUORESCENCE DIFFERENTIAL PATH LENGTH SPECTROSCOPY

A single FDPS needle probe was designed for this application. A stainless steel needle 

contained two 400 micron fibers placed at a core-to-core distance of 440 micron and 

polished under an angle of 35 degrees to minimize specular reflection at the probe-tissue 

interface. Excitation light from a 650 nm diode laser (Diomed, Cambridge, United Kingdom), 

for fluorescence measurements delivered light to the FDPS probe. Note this laser was 

used in addition to that used for the PDT illumination. Shutters (Ocean Optics, Duiven, 

the Netherlands) in the individual light paths allowed control of the excitation light. The 

excitation light is then coupled into a 100 micron bifurcated fiber, the other leg is coupled 
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into a white light source for DPS measurements. The distal end of the 100 micron bifurcated 

fiber is coupled into a 200 micron fiber of which the other leg is coupled into the first channel 

of a 650 nm notch filtered two-channel spectrograph. The distal end of the 200 micron 

bifurcated fiber is coupled into the light delivery and collection (dc) fiber of the FDPS needle. 

The collection (c) fiber is coupled directly into the second channel of the 650 nm notch 

filtered two-channel spectrograph. A schematic diagram of the setup and the transmission 

of the notch filter are shown in Figure 1. Immediately before the start of the treatment 

procedure the FDPS needle was inserted into the tumor at a position approximately 2 cm 

from the surface of the skin in the chin side of the patient approximately at the center of the 

tumor volume. Before the onset of the therapeutic illumination, sequences of reflectance 

spectra were acquired to ensure that the FDPS needle tip was in contact with the tissue. 

During illumination FDPS spectra were acquired with an integration time of between 2 and 

5 second at an interval between 2-10 seconds.

Figure 1. Schematic overview of the FDPS setup illustrating how notch filters are used to block the 
treatment radiation so that reflectance and fluorescence spectra can be acquired without interrupting 
the therapeutic illumination.

2.4. DATA ANALYSIS

Fluorescence spectra were analyzed as a linear combination of basis spectra using a 

singular value decomposition (SVD) algorithm as others and we described previously 

[39,40]. The fluorescence was described by a combination of auto-fluorescence and mTHPC 

fluorescence and a third component since the differential fluorescence spectra contain a 

small contribution from the therapeutic laser. Based on the residual laser signal before and 

beyond the blocking region of the 650 nm notch filter, a Gaussian was fitted to describe the 

laser signal, peak at 648 nm width 12.3 nm. For the MTHPC component the first and last 
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spectra during illumination were subtracted under the assumption that any possible mTHPC 

photoproducts have a negligible contribution to the measured fluorescence and that the 

auto-fluorescence signal is constant. Subsequently the mTHPC and laser components 

were subtracted from the measured fluorescence signal to yield a component for the 

auto-fluorescence. The differential reflectance signal was fitted using the same model as 

described previously [40] to obtain values on saturation and blood volume.

3. RESULTS

Figure 2 shows a pre-operative sagittal T1-weighted MR image of a recurrent Squamous 

Cell Carcinoma at the base of tongue typical of the size treated with PDT. The treatment 

volume was then imaged using a plane X-ray (C-bow) as shown in figure 3. Figure 4 shows 

the placement of a single therapeutic light source with an FDPS needle placed immediately 

adjacent to this light source approximately at the center of the illumination catheter near 

the center of the tumor. Figure 5 shows the normalized basis spectra of mTHPC and the 

combination of tissue autofluorescence and a small component of scattered laser light 

above 675 nm that were used to fit the FDPS spectrum acquired during illumination. Before 

the therapeutic illumination the blood saturation was 4 ± 1 % and the blood volume was 3 ± 

0.2% illustrating the low saturation that is typical of Head and Neck tumors. Figure 6 shows 

two DPS spectra acquired at the start of and at the end of a single therapeutic illumination. 

During the course of the illumination there was a small decrease in the blood saturation 

within the tumor (to 2 ± 3%) and a significant increase in the blood volume from 3 to 10%. 

Figure 7 shows the fitted FDPS component attributed to mTHPC. During the course of the 

illumination there is a reduction in mTHPC fluorescence of approximately 50%. Based on a 

first estimate of the tissue optical properties within the treatment volume (ms’ = 5 cm-1 and 

ma = 0.2 cm-1) we estimate the fluence rate at the tip of the FDPS probe to be between 30 

and 50 mW cm-2.
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Figure 2. An example of a sagittal T1-weighted MR image of recurrent SCC base of tongue.

Figure 3. Intra operative X-ray: PDT/brachytherapy catheters after loaded with wires containing lead 
implants (interspacing 10mm). Opaque buttons demarcate the surface of the tongue and the skin of 
the chin.
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Figure 4. Photodynamic therapy illumination procedure: Sequential illumination using 7 interstitially 
implanted catheters containing cylindrical diffusing fibres: Illumination time 300 seconds per source, 
output power 100 mW cm-1 diffuser.

Figure 5. Basis spectra for FDPS (mTHPC) and tissue autofluorescence.
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Figure 6. Two representative Levenberg-Marquardt fit of the DPS signal acquired during PDT indicating 
blood saturation StO2 and blood volume (r). Note the discontinuities in the spectrum at 652 nm and 
450 nm are due to the notch filter. Error bars represent the standard deviation within a bin width of 
10 data points.

Figure 7. Absolute fitted FDPS intensity acquired during the illumination of a single therapeutic source 
located adjacent (5 mm distance) from the FDPS needle where error bars represent the fit inaccuracy 
on individual spectral fits.
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4. DISCUSSION

The present study illustrates the implementation of a method for quantitative reflectance 

and quantitative fluorescence spectroscopy measurements in PDT of Head and Neck 

cancer. In contrast to other interstitial applications of PDT, optical monitoring in the Head 

and Neck is at a very early stage of development. Groups working in organs such as the 

prostate [19,20,41], the brain [42,43] and in the GI tract [44,45] have made much more 

progress towards in-vivo guidance and monitoring using optical spectroscopy. This is clearly 

a consequence of the different stages of implementation of PDT in these organs but is also 

influenced by the limited use of optical monitoring in clinical PDT as a whole. Except for a 

small number of notable exceptions the use of these types of pharmacokinetic and optical 

dosimetric measurements has not been widely adopted. This is particularly true in interstitial 

PDT where dosimetric considerations are often restricted to that of light. It is important 

to note that optical guidance using spectroscopy during interstitial PDT is challenging. The 

time that can be associated with these types of measurements is a significant barrier to 

their adoption. For example the acquisition of reflectance spectra during PDT is normally 

limited by the therapeutic illumination. [31,46]. This means that either the acquisition of 

reflectance spectra is limited to directly pre- and post- PDT or the illumination is interrupted 

for the acquisition of reflectance spectra. In the latter case this also means an alteration 

of the intended light treatment parameters. In the spectroscopic technique that we have 

implemented here we overcame this problem by placing a notch filter centered at the 

treatment wavelength. This allows acquisition of differential reflectance measurements 

during PDT without interruptions to the illumination. This relatively simple step that 

facilitates the incorporation of these measurements into the clinical environment should 

not be underestimated since interrupting PDT can have significant effects on the supply of 

oxygen to tissue [47]. We have also used an approach to the acquisition of fluorescence 

spectra that is similar to that used by other investigators for other photosensitizers in other 

treatment geometries [40,48]. Utilizing fluorescence excitation at the treatment wavelength 

means that these measurements can be acquired without interrupting PDT. This can 

however be challenging for photosensitizers that do not have strong fluorescence emission 

beyond the therapeutic illumination wavelength.

The data we present show the feasibility of the approach to fiber optic spectroscopy in 

Head and Neck cancer. It is possible to recover fluorescence from mTHPC 96 hours after the 

administration and to monitor the local reduction of mTHPC fluorescence during PDT. The 

parameters that are recovered using DPS include blood saturation and blood volume. Our 

measurements are consistent with data in the literature and confirm the low oxygenation 

status of head and neck tumors [49]. Our data also show that PDT induces changes in local 
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blood volume that may be consistent with vascular response to PDT. Taken as a whole these 

data represent clear challenges to our understanding of the photochemistry underlying 

mTHPC PDT and it relationship to local PDT response. It is known that the mechanism(s) 

underlying the deposition of dose during PDT with mTHPC are complex [50-54] but it is clear 

that in-vivo local oxygen saturations that are encountered are very low.

Given these encouraging preliminary data it is important to stress that these measurements 

are acquired very locally and single optical probe measurements cannot be considered 

to be representative of larger volumes of tumor tissue. This has led many investigators 

to use diffuse optical techniques such as diffuse reflectance spectroscopy with either 

visible/white light [31-33, 55]. Clearly while these approaches could have an important role 

in the spectroscopic guidance of PDT in Head and Neck cancer they do suffer from some 

disadvantages.

A potential source of error in diffuse reflectance spectroscopy is that the path length and 

hence the interrogated volume are strongly wavelength dependent. Tissue optical properties 

can vary during PDT making the wavelength dependent path length also variable in time. 

In contrast DPS is used in this study to determine saturation and blood volume where the 

path length is known and insensitive to changes in optical properties. This could make these 

types of measurements more advantageous for monitoring PDT locally.

Another important issue is that the interrogated volume in diffuse reflectance spectroscopy 

is larger than in DPS where it is approximately the fiber diameter used. In large tissue 

volume measurements there exist wide range variations in fluence rate, dose deposition 

and possibly variations in photosensitizer concentration over the interrogated volume 

during illumination. All these variations are averaged out over the interrogated tissue 

volume together with potential important local PDT-induced effects. DPS measures over 

smaller volumes over which obviously the variations in fluence rate, deposited dose and 

photosensitizer concentration are smaller.

One advantage of our approach to optical monitoring using FDPS is that the blood 

saturation, blood volume and fluorescence are measured using the same geometry and are 

therefore acquired from similar volumes of tissue. Monitoring fluorescence in optically thick 

or interstitial geometries is complicated by the fact that fluorescence is normally collected 

from volumes of tissue that are illuminated with a wide range of fluence rates. This can 

confound the interpretation of signals such as fluorescence photobleaching, which may or 

may not be fluence rate dependent depending on the photosensitizer.
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Again it is clear that these types of fluorescence measurements are unlikely to be 

representative of large volumes of tumor tissue and there is a clear requirement for multiple 

measurements as has been suggested previously by other authors [56]. It is probable that 

it will be most advantageous to consider localizing the regions over which spectroscopic 

guidance and optical monitoring are performed to a reasonable number of volumes within 

the target tissue. In this way volumes of tissue could be chosen to monitor the extremes of 

photosensitizer concentration and tissue oxygenation within the target tumor volume and 

in vulnerable normal tissue.

An obvious parameter that is missing from our approach but that has been extensively 

incorporated using diffuse optical techniques is a local measurement of blood flow [57]. 

Without such data it can be difficult to correctly interpret dynamic changes in blood volume 

and saturation and their relationship to PDT induced effects. It is however likely that 

measurement of blood flow would need to be made over a larger volume to incorporate a 

measure of the regional blood flow.

Given the feasibility of the type of optical monitoring that we propose it is important to 

consider the potential for these types of measurements and how they might be incorporated 

into the wider use of on-line dosimetry models or be applied to the modification of the PDT 

treatment parameters. Quantitative measurements of pre-treatment mTHPC fluorescence 

intensities could offer the possibility of measuring spatial variations in photosensitizer 

concentration within individual tumors or between tumors in different patients. In a similar 

way quantitative measurements of blood saturation and blood volume fraction could be 

incorporated into the clinical decision making process. Quantitative measurements of 

photosensitizer photobleaching in combination with the local measurements of tissue 

physiology may give more detailed insights into the choice of clinical treatment parameters 

such as irradiance (which has direct effect on fluence rate) and drug light interval.

In conclusion, while it is clear that optical guidance of PDT in Head and Neck Cancer is 

at a very early stage of development it seems critical that we learn from the experience 

of other investigators working in other organs and to choose the appropriate methods for 

optical monitoring that allow for representative quantitative measurements that can be 

incorporated into clinical treatment regimens.
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