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Summary

The main objective of this thesis is analysis of mTHPC mediated photodynamic therapy 

(PDT) of head and neck tumors and finding ways to improve the clinical results. The thesis is 

a combination of analysis of the clinical experience, developing new techniques to identify 

reasons of failure and application of these techniques to the clinic.

Chapter 2 is a retrospective matched cohort analysis comparing PDT and surgery of early 

stage oral cavity cancer. Statistically (demographically and oncologically) identical cohorts 

of patients undergoing trans-oral surgery without neck dissection (n=43) and PDT (n=55) 

were identified from a single institute database. The groups had the same pre-treatment 

screening and post-treatment follow-up schedule. Both groups consisted only of tumors 

thinner than 5 mm (a selection criterion of PDT due to limitations in penetration of light 

in tumor) to ensure comparability. The endpoints were local disease free survival, disease 

free survival, overall survival and response to initial treatment. There was no difference in 

any of the tested parameters. Although there is probably a selection bias due to the non-

randomized design, the conclusion is that PDT of early oral cavity cancer is comparable to 

trans-oral surgery without neck dissection and can be offered as an alternative to surgical 

treatment.

PDT can be used for several different indications in the head and neck area. It can be used 

as primary treatment of small and thin oral cavity tumors as well as of recurrent tumors or 

second primary tumors in earlier treated areas. Dysplastic areas of the oral cavity can also 

be treated with PDT. This creates a complex and heterogenous patient group. Chapter 3 

analyzes our institutional experience of early stage oral cavity and oropharynx neoplasms 

(Tis-T2) to identify the success rates for each subgroup according to T stage, primary/non-

primary treatment and subsites. In total 170 patients with 226 lesions are (95 primary 

neoplasms, 131 recurrences and second primary neoplasms) analysed. Table 2 summarizes 

all the possible clinical scenarios. PDT seems to work best for primary tongue and floor of 

mouth tumors and less for secondary tumors and complex locations such as retromolar 

trigon and alveolar process.

Chapter 4 discusses potential use of different optical spectroscopy techniques to monitor 

clinical PDT. PDT is dependent on three factors: oxygen, photosensitizer and light. Optical 

techniques including reflectance and fluorescence spectroscopy can provide us insight into 

these parameters. When considering the usefulness of these optical 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, and the implications for 

these effects on the measured parameters. To illustrate these considerations an application 

of fluorescence differential path length spectroscopy (FDPS) during interstitial PDT (iPDT) of 

a tongue cancer is outlined in this chapter.
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Chapter 5 provides detailed information about the FDPS, a technique that utilizes reflectance 

spectroscopy to monitor microvascular oxygen saturation, blood volume fraction, and 

vessel diameter, and fluorescence spectroscopy to monitor photosensitizer concentration. 

The objective quantitative monitoring of light, oxygen, and photosensitizer is challenging 

in clinical photodynamic therapy settings. In this chapter the clinical feasibility of the 

technique is tested on eight healthy volunteers and on three patients undergoing PDT of oral 

cavity cancers. Model-based analysis of the measured spectra provide quantitative tissue 

parameters that are corrected for background tissue absorption, autofluorescence, and 

the transmission of the optical system; this method allows comparison of intra- and inter-

subject parameters. The FDPS correctly estimated the absence of mTHPC in volunteers and 

detected photobleaching in the areas receiving PDT. This study demonstrates the feasibility 

of monitoring clinical PDT using optical spectroscopy. 

Chapter 6 is clinical FDPS of 27 consecutively treated oral cavity squamous cell carcinoma 

with PDT. The expected photobleaching was observed in 24/27 lesions treated. The mean 

photobleaching was 81% with a standard deviation of 17%. FDPS spectra coupled with 

clinical results have identified 3 types of correctable errors in PDT technique. Two tumors 

had very low concentrations of photosensitizer, indicating an injection error or erroneous 

distribution of mTHPC. One tumor showed no photobleaching and high blood volume 

fraction, suggesting that the present blood have prevented the treatment light from reaching 

the target tissue. All 3 of the lesions had no clinical response to PDT. Four patients had 

less than 50% photobleaching at the tumor margins, suggesting a possible geographic miss 

of safety margins. One of these patients had a recurrence within 2 months, even though 

there was initial good response. Integration of FDPS to clinical PDT of head and neck area 

yields relevant and feasible information, and can help identify treatment errors that can be 

compensated.

Chapter 7 describes our experience with interstitial photodynamic therapy (iPDT) of locally 

recurrent base of tongue cancer after (chemo)radiation treatment. Twenty patients with 

previously radiated locally recurrent base of tongue cancers, who were not candidates 

for salvage surgery or re-radiation or who refused these therapies were treated with 

iPDT. The treatment planning was done on MRI images. The light sources were implanted 

using a modified brachytherapy technique. At 6 months 9 patients had complete response 

with 4 patients still free of disease (46-80 months). Long term complications included 

pharyngocutaneous fistula in 6, serious bleeding in 1, and cutaneous metastasis in 2 patients. 

The initial results are encouraging. However there is room for improvement to control the 

destructive potential of iPDT through planning and monitoring tools.
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Chapter 8 describes the treatment algorithm to refine iPDT. This algorithm consists of 

the treatment simulation, implantation of light sources, verification, modification of the 

treatment plan if necessary and illumination. The tumor is delineated on imaging sections 

(CT, MRI, and/or PET/CT) and the treatment is simulated by virtually introducing light 

sources to the tumor volume on specially modified brachytherapy software. This enables 

us to determine if the treatment is technically feasible, and information about approximate 

number and location of light sources necessary. Following implantation of catheters in 

which the light sources will be introduced, CT or MR scan is performed to verify the actual 

location of the implanted catheters. The verification-CT is imported to the software and 

co-registered with pre-treatment images to observe the deviations from the simulation. 

The simulation is run again with the actual position of the light sources to determine if 

any additional light sources are necessary and adaptation of the source length in order to 

cover the tumor volume (modification). Thereafter the tumor is illuminated. The proposed 

technique can help standardize and document iPDT.


