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Section 1 - Sunday 29/08 at 3 pm

Laser Photodynamic Therapy (PDT) for skin cancer treatment

1. Katarina Svanberg and Niels Bendsoe (Lund University Medical Laser Centre and Lund University Hospital, Sweden). ALA-PDT clinical studies of skin cancer.
2. Ricardas Rotomskis, Saulius Bagdonas and Mindaugas Tamosiunas (Vilnius University Laser Research Centre, Lithuania). Photobleaching of sensitizer fluorescence on the bio-surface: relation to depth of necrosis under PDT. 

Coffee break

3. Alexander Derjabo, Janis Kapostins (Latvian Oncology Centre), Janis Spigulis, Alexey Lihachov (University of Latvia), Marcelo Soto-Thompson, Thomas Johansson, Sune Svanberg and Katarina Svanberg (Lund University Medical Laser Centre, Sweden). First PDT experience at Latvian Oncology Centre:treatment of Basal Cell Carcinoma. 
4. Stefan Andersson-Engels (Lund University Medical Laser Centre, Sweden). Advanced equipment for fluorescent diagnostics and PDT treatment.

Social event, 7 pm – 10 pm

Section 2 – Monday 30/08 at 10 am

Tissue in-vivo imaging

1. Andreas Hielscher and Gasan Abdulaev (Columbia University, New York, USA). Optical Tomographic Imaging of Biological Tissues.

2. Johan Antonsson, Ola Eriksson and Karin Wårdell (Linkoping University, Sweden). Optical measurements in brain tissue during experimental stereotactic neurosurgery.
3. Boris Kudimov (Institute of Physics, Tartu, Estonia). Skin imaging with optical coherence tomography.

Lunch, 1 pm – 2 pm

Section 3 – Monday 30/08 at 2 pm

Photonic methods and devices for skin diagnostics and monitoring

1.  Renars Erts, Maris Ozols, Janis Spigulis (University of Latvia) and Indulis Kukulis (Latvian Institute of Cardiology). Multi-channel reflection photoplethysmography for cardiovascular diagnostics and monitoring.
2.  Uldis Rubins and Janis Spigulis (University of Latvia). Modelling of peripheral blood flow dynamics: comparison with finger photoplethysmography signals.
3. Janis Spigulis, Normunds Miluns, Lasma Gailite (University of Latvia), Alexander Derjabo and Janis Kapostinsh (Latvian Oncology Centre). Potential of skin diffuse reflectance spectrometry for tumour diagnostics: first clinical data.
ALA-PDT CLINICAL STUDIES OF SKIN CANCER

KATARINA SVANBERG, NIELS BENDSÖE, ANN JOHANSSON, MARCELO SOTO THOMPSON, THOMAS JOHANSSON, SARA PÄLSSON, SUNE SVANBERG, UNNE STENRAM and STEFAN ANDERSSON-ENGELS (Lund University Medical Laser Centre and Lund University, Sweden)

As malignant diseases continue to plague humanity, much effort is put into trying to develop new and better treatment modalities. One such method is photodynamic therapy (PDT). PDT relies on the application of a photosensitizer (or its precursor) followed by the activation of the photosensitizer using light. The activated sensitizer will react with the oxygen present in the tissue forming highly toxic radicals and will induce tissue necrosis/apoptosis. Since most photosensitizers will accumulate to a higher extent in malignant tissue than in healthy tissue, the treatment targets the malignancies while sparing the surrounding healthy tissue. The introduction of δ-aminolaevulinic acid (ALA) as a sensitizer precursor, inducing protoporphyrin IX (PpIX) as a sensitizing agent, has led to a substantial increase in the clinical acceptance of the method, specially for some types of skin lesions where ALA-PDT now can be considered the treatment of choice. 

The use of PDT is usually considered to be limited to thin (< 3 mm) superficial lesions or lesions accessible through body cavities. Thus, in an effort to extend the possible indications for PDT, we present a system for interstitial PDT (IPDT), where thick and/or embedded tumours are treated using optical fibres inserted into the tumour. A special aspect of the work performed in our group is to use these fibres not only to deliver the therapeutic light but also to perform optical measurements to assess parameters of therapeutic interest and to monitor the treatment progression. 

Interstitial photodynamic therapy (IPDT) has been performed utilising a pre-prototype treatment equipment built in collaboration in between SpectraCure AB and Lund University. In total seven patients were treated at the Departments of Oncology and Dermatology at Lund University Hospital. The treatment sessions for two of the patients are described and some preliminary clinical results are given. The treatment procedures have followed a clinical protocol in which surgical excision was planned after PDT. The IPDT was performed in order to reduce the tumour volume. Thus, the histopathology could be studied and the IPDT-induced tissue effects documented. 

PHOTOBLEACHING OF SENSITIZER FLUORESCENCE ON THE BIO-SURFACE: RELATION TO DEPTH OF NECROSIS UNDER PDT

RICARDAS ROTOMSKIS, SAULIUS BAGDONAS, and MINDAUGAS TAMOSIUNAS (Vilnius University Laser Research Centre)

Photosensitised tumour therapy (PDT) is a relatively new therapeutic modality, which involves the activation of the molecular oxygen under irradiation by light in presence certain photodrugs (photosensitizers) that have been selectively accumulated in the target tissue. The mechanism of light-induced degradation of cancerous tissue during the PDT involves the presence of reactive species, singlet oxygen, which, as a rule, are generated by the sensitizer. However, the produced singlet oxygen can damage not only cancerous cells but also destroy the sensitizer itself.

Light degrades most of the photosensitizers that have been used in the photosensitised tumour therapy. This process termed “photobleaching” can occur with dyes present in solutions, cells and in tissue and can be detected by measuring (decrease in intensity of) the sensitizers’ absorbance and fluorescence signal. The photobleaching of photosensitizer reflects the efficacy of singlet oxygen generation and could be used as the parameter for the estimation of optimal phototherapeutic dose.

In this study the correlation between the fluorescence bleaching of the sensitizer measured on the surface of tumours and the depth of necrosis occurred during the light treatment was estimated. 
The illumination of sensitised tumour tissue with the red light resulted in fast decay of the chlorin e6 fluorescence on the surface of tumours. The measurements ex vivo (along to the direction of incident light beam) performed after the resection of tumours showed that the fluorescence intensity of the spots depended on the distance from the irradiated surface. After the irradiation with fluence of 2J/cm2 the photobleaching of chlorin e6 fluorescence in tumours was detected till a depth of 0.5 – 1.5 mm from the surface and that of 200J/cm2  - till a depth of 4.8 – 5 mm. 
The edges of tumour necrosis (estimated by the immunohistochemical analysis) were detected at 0.45 – 1.5 mm or 3.2 – 5.2 mm from the superficial tumour illumination point after applied fluence of 2J/cm2 and 200J/cm2, respectively, and correlated with the depth of the fluorescence bleaching of the sensitizer accumulated in the cancerous tissue.

For the preliminary calculation of optimal irradiation doses for hepatoma A22 (MH-A22) tumour, the correlation between the obtained data of a) the photobleaching from the surface of the tumour, b) the variation of the sensitizer’s fluorescence bleaching in tumour area, c) the tumour necrosis depth and d) the distribution of the excitation light intensity within the tumour tissue was estimated. 


Our data confirm that photobleaching could be used as the parameter for the evaluation of the effective photodynamic dose during PDT. The ratio of the initial fluorescence intensity to the intensity measured during light treatment could be used as a relevant criterion of tissue response; e.g. tumour necrosis.

FIRST PDT experience at Latvian oncology centre: 

treatment of basal cell carcinoma
ALEXANDER DERJABO, Janis KAPOSTINS (Latvian Oncology Centre), Janis SPIGULIS, Alexey LIHACHOVS (University of Latvia), Marcelo SOTO THOMPSON, Thomas JOHANSSON, Sune SVANBERG and KATARINA SVANBERG (Lund University Medical Laser Centre)


The basal cell carcinoma (basalioma or BCC) is the most frequent Skin Carcinoma type in Europe. This skin cancer type does not form metastases, however, enlarges continuously and destroys skin, as well as tissue lying underneath and possibly even bones in this process. The most frequently affected skin areas and the high-risk groups correspond to the ones of the prickle-cell carcinoma whereas there is an increasing number of young persons diseased with the basalioma. This fact has caused search of new methods of treatment of the given disease. Photodynamic therapy is a new form of treatment used to treat skin tumours such as actinic keratosis and basal cell cancer (BCC, basalioma).

Aim: To analyze the first PDT experience performed in the Latvian Oncology Centre (Riga)
Material and Methods: PDT employing -aminolevulinic acid (ALA) and 635 nm laser irradiation was performed in 29 nodular basal cell carcinomas ( total twenty patients -8 male, 12 female; median age 70 years (29-86 years). More than half of the lesions (19/30) were located on the back of the patients. Seven lesions were located in the face, two on the thoracic wall and one on the upper arm. All BCC lesions except two exhibited a thickness of two millimetres or more, and all were classified as nodular BCCs.

17 lesions were treated with conventional superficial PDT receiving a dose of 60J cm-2. The remaining 12 lesions were treated with multi-fibre contact PDT (MFC PDT) in which the light was delivered with clear-cut fibres placed in direct contact to the tumour area. Fluorescence measurements were performed to monitor the build-up and subsequent bleaching of the ALA-induced Protoporphyrin IX (PpIX).

Results : At 1 month after the treatment all but two patients returned for histological and visual assessment. It was found that 25 out of 27 inspected tumours (93 %) showed a complete response, while the remaining two had a partial response. Seven months after the treatment the patients (except for four individuals) again returned to the Oncology Centre for clinical assessment. Seventeen out of 20 inspected tumours (85%) showed a complete response, while the remaining three had a partial response. Out of these partial responding tumours one had resisted many earlier attempts for curing. 28 months after the treatment 17 patients returned to the Oncology Centre for clinical assessment. 24 of 25 tumours (96%) showed a complete response and one tumour has been recurrenced .

Conclusions : PDT tumour therapy was  successfully  introduced in Latvian Oncology Centre PDT generally produces good cosmetic results, because the treatment results in less scarring than conventional methods. This form of therapy is therefore very good for treating skin lesions on cosmetically sensitive areas such as the face, chest, back and upper arms. PDT can also be used in locations where conventional methods are difficult to use. The advantage of the photodynamic therapy is that this therapy is less painful and is therefore better tolerated than other methods (surgery and cryotherapy with liquid nitrogen). 

ADVANCED EQUIPMENT FOR FLUORESCENT DIAGNOSTICS AND PDT TREATMENT


ANN JOHANSSON, MARCELO SOTO THOMPSON, THOMAS JOHANSSON, SARA PÄLSSON, SUNE SVANBERG, KATARINA SVANBERG, NIELS BENDSÖE, STEFAN ANDERSSON– ENGELS (Lund University Medical Laser Centre and Lund University, Sweden)
To overcome the limited treatment depth of superficial photodynamic therapy, interstitial light delivery is highly interesting. In the present work the treatment light was delivered using a system in which 6 clear-cut fibres were placed within the tumour volume. For this purpose an IPDT system using a multiple fibre arrangement for light delivery has been developed. The input light, to be distributed by the system, comes from diode lasers operating at 635 nm. The treatment fibres could in principle also be utilised for measuring the delivered light dose, for monitoring the drug-related fluorescence, and the oxygen content in the tissue and temperature changes during the treatment. The monitoring of these parameters, relevant for light interaction with tissue, is of great importance for adequate light dosimetry. The basic concept for this system is schematically shown in Fig. 1. The system and dosimetric measurement results from initial clinical treatments will be presented. 


[image: image3.emf] 

Light  distribution  module  

Spectrometer  

Computer     

Measurement   light unit   Therapeutic  light unit  

Lesion  

Optical   fibres  


Fig. 1 Schematic diagram of an interactive system for interstitial photodynamic therapy.
OPTICAL TOMOGRAPHIC IMAGING OF BIOLOGICAL TISSUES 

ANDREAS HIELSCHER and GASAN ABDULAEV (Departments of Biomedical Engineering and Radiology,Columbia University, New York, NY, USA)

In recent years researchers have invested considerable efforts towards tomographic imaging systems that use near-infrared (NIR) light [1, 2]. In this novel medical imaging technique, commonly referred to as Optical Tomography (OT), one attempts to reconstruct the spatial distribution of optical properties (absorption and transport scattering coefficients within the body from measurements of transmitted near-infrared light intensities. The source is typically a laser whose light is delivered through optical fibers to several locations around or inside the organ under investigation. The technology for making such light-transmission measurements on human subjects is nowadays readily available and has been applied in a variety of pilot studies concerned with monitoring of blood oxygenation, hemorrhage detection, functional imaging of brain activities, Alzheimer diagnosis, early diagnosis of rheumatic disease in joints, and breast cancer detection. However, a major challenge remains the development of algorithms that efficiently transform these measurements into accurate cross-section images of various body parts. 

Optical tomography can be formulated as an inverse problem for the equation describing propagation of light in tissue. When the light propagation in tissue is scattering-dominated, the diffusion equation can be used for image reconstruction. In more general case light propagation is best described by the transport theory and the equation of radiative transfer. In both cases the equations depend on unknown optical properties that are reconstructed through solution of the inverse problem.

Currently available reconstruction algorithms for OT have several limitations that need to be overcome before they can be routinely applied in a clinical setting. In contrast to X-rays, near-infrared photons used in OT do not cross the medium on a straight line from the source to the detector. The photons are strongly scattered throughout the tissue. Hence, standard backprojection methods have only limited success. 

A majority of available reconstruction algorithms are based on perturbation methods. These algorithms have limited practical application because of their inherent assumption that the variations in the optical properties within the medium are small or that the properties of a reference medium similar to the unknown medium are available. Furthermore, they are computationally very expensive since they require the inversion of large, full, ill-conditioned Jacobian matrices. 

We have developed a new approach, which we refer to as gradient-based iterative image reconstruction that overcomes problems encountered with the perturbation method. This approach includes three major elements: a forward model, an objective function, and an updating scheme. Image reconstruction algorithms seek to minimize the objective function that measures the discrepancy between measurements and predictions, computed using the forward model. An optimization technique is used to minimize the objective function that is considered as a function of optical properties of the medium.

The gradient-based image reconstruction approach was successfully used for a number of applications, such as rheumatoid arthritis, human brain imaging, small animals imaging, and molecular imaging.

References

[1] A.H.Hielscher, A.Y.Bluestone, G.S.Abdoulaev, A.D.Klose, J.Lasker, M.Stewart, U.Netz,    J.Beuthan, “Near-infrared diffuse optical tomography,” Disease Markers 18(5-6), 313-337 (2002) 

[2] S.R.Arridge, “Optical tomography in medical imaging,” Inverse Problems 15, R41-93 (1999)

OPTICAL MEASUREMENTS IN BRAIN TISSUE DURING EXPERIMENTAL STEREOTACTIC NEUROSURGERY

JOHAN ANTONSSON, OLA ERIKSSON and KARIN WÅRDELL (Department of Biomedical Engineering, Linköping University, Sweden)

A radio frequency (RF) electrode with fiberoptics was developed in order to study signals recorded by diffuse reflection spectroscopy and laser Doppler perfusion monitoring during experimental stereotactic RF-lesioning in the pig brain. Spectroscopy measurements were used to identify suitable wavelengths for discrimination of gray, white and coagulated porcine brain matter. Laser Doppler perfusion monitoring was used in order to follow the lesion development and investigated if the final lesion size can be estimated. Results from the experiments will be presented at the seminar. 

SKIN IMAGING WITH

OPTICAL COHERENCE TOMOGRAPHY

BORIS KUDIMOV, GEORGE DOBRE and ADRIAN  PODOLEANY (University of Kent, Canterbury, UK)

We are presenting a Doppler optical coherence tomography (DOCT) technique for the measurement of fluid-flow velocity in an optically turbid conduit and for the imaging of flow and conduit. The method, which is a combination of optical coherence tomography (OCT) and Doppler flowmetry, allows the non-invasive assessment of a turbid high-scattering medium with high resolution in terms of both spatial geometry and velocity. Our low-coherence apparatus is based on a Michelson interferometer. A superluminescent diode (SLD) is used as a broadband light source, which provides a depth resolution of ~20 um. Transversal images of a coin were obtained. Furthermore, due to the relatively simple hardware requirements of the system, DOCT and OCT may have immediate applications in biomedical research and in the clinic, such as monitoring blood microcirculation as well as high resolution imaging of tissue.

Key words: Doppler optical coherence tomography (DOCT), broadband light source, superluminescent diode (SLD), low-coherence Michelson interferometry, Doppler flowmetry, depth resolution..

MULTI-CHANNEL REFLECTION PHOTOPLETHYSMOGRAPHY FOR CARDIOVASCULAR DIAGNOSTICS AND MONITORING
RENARS ERTS, MARIS OZOLS, JANIS SPIGULIS (University of Latvia) and INDULIS KUKULIS (Latvian Institute of Cardiology)


The non-invasive optical diagnostics methods are fast and painless, with reduced risk of infection. One of such methods is photoplethysmography (PPG) where the tissue back-scattered light (slightly modulated by the blood volume pulsations) is detected and analyzed. In conjunction with electrocardiography, it can provide useful information about human’s cardiovascular system. 


A four-channel photplethysmography and one-channel electrocardiography device was made at University of Latvia to detect corresponding signals from different parts of the body and to analyze their shapes. The device consists of optical contact probes, signal interface, and a standard PC.  Blood pumping and transport can be monitored at different body locations - fingertip, earlobe, forehead, forearm, etc. Clinical tests were performed with healthy persons and hospital patients having vascular occlusion problems at arm or leg arteries and with persons who has Rheumatoid Arthritis in finger joints. 


Results for vascular occlusion patients showed significant differences in pulse-wave transit times in occluded and non-occluded extremities. Results for Rheumatoid Arthritis patients didn’t show significant differences in single period PPG signal.

MODELLING OF PERIPHERAL BLOOD FLOW DYNAMICS:  COMPARISON WITH FINGER PHOTOPLETHYSMOGRAPHIC SIGNALS

ULDIS RUBINS and JANIS SPIGULIS (University of Latvia)


Three models of human blood circulatory system have been discussed – 3-element Windkessel model, multi-Y-branched artery model and combined model. Two of these models (multi-branched and combined) have been simulated in Matlab. The measured skin blood volume changes from human’s finger have been compared with the computer simulation models. Real-time volume measurement with estimation of the heart-artery parameters have been simulated in Matlab and Visual Basic.

POTENTIAL OF SKIN DIFFUSE REFLECTANCE SPECTROMETRY FOR TUMOUR DIAGNOSTICS: FIRST CLINICAL DATA 

JANIS SPIGULIS, NORMUNDS MILUNS and LASMA GAILITE (IAPS, University of Latvia),

ALEXANDER DERJABO and JANIS KAPOSTINSH (Latvian Oncology Centre)


Skin diffuse reflectance spectrometry analyses the spectral content of light that after penetration below the skin surface is subsequently re-emitted. The diffuse reflectance spectra are depending on the composition of epidermal and dermal layers and therefore are of interest from the point of optical express-diagnostics of skin malformations, including cancerous tumours. The main advantages of such approach are simplicity, non-invasiveness and short time of the procedure. 


We have performed first clinical diffuse reflectance measurements of skin pathologies at Latvian Oncology Centre. The measurement equipment was supplied by Avantes BV (NL) and comprised compact fibre-optic spectrometer AvaSpec 2048-2 for the spectral range 253…1054 nm with resolution ~ 2 nm, fibre-coupled halogen lamp light source, special multi-fibre contact probes and a lap-top computer. Skin back-reflectance spectra within the malformations have been detected and compared with those at the healthy skin areas and with the case when emitter and detector fibres have been placed at opposite sides of the malformation borderline.


Three options of spectra processing procedures are discussed: (i) calculation of differential normalised spectra DS (skin – lamp), (ii) ratio lesion/normal skin normalised spectra and (iii) relative spectrum RS = DS (skin malformation) / DS (healthy skin). 


Several RS examples will be regarded concerning malignant and non-malignant skin malformations – Melanoma, Basilioma and Verrucae. The first results give some hope that there might be certain spectral features specific for each of these malformations and eventually useful for primary express-diagnostics. However, further systematic measurements are needed to collect statistically representative data before drawing any serious conclusions. Some possible improvements of the measurement/processing methodology will be also discussed.
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