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Expression of intention to host a Short-Term Scientific Mission

To the Grant Holder of the COST Action BM12O5 - European Network for Skin Cancer
Detection using Laser lmaging
Place, date: INEB,2015, March 23rd

Applicant (first name and last name): Faustino Wahaia
Home lnstitution: lnstitute of Biomedical Engineering (INEB), University of Porto, Portugal
Host lnstitution: Terahertz Photonics Lab * Center for Physica} Sciences and Technology,

STSM

Vilnius, Lithuania

to

I hereby inform that we welcome the visit that Mr/Ms/Dr/Prof Faustino Wahaia plans
perform in our lab at THz Lab - CPST in March 2015, within the framework of the -

European Network

for Skin Cancer Detection using Laser lmaging, Short Term Scientific

Mission (STSM) programme,

The STSM will be scientifically based on the work plan described by Mr/Vs/Dr Faustino
Wahaia in the STSM Application. The STSM will have a mutual benefit for the applicant and
our group, in consideration of both the specific activities to be performed and the expected
strengthening of cooperation between the Home and Host institutions,

r
Yours sincerely,
Gintaras Valu5is
Professor at the Ph

University,

Director of the Cent

r Physical Sciences and Technology, Vilnius, Lithuania

Signature:

STSM REPORT
STSM Application number: OST-STSM-ECOST-STSM-BM1205-020215053152
STSM Grantee: Faustino Wahaia
STSM title: Terahertz Imaging and Spectroscopy for Biomedical Applications
Home Institution: Institute of Biomedical Engineering (INEB)
Host Institution: Terahertz Photonics Lab – Center for Physical Sciences and
Technology (CPST)
STSM period: 02/02/2015 to 28/02/2015
STSM purpose: Research on cancer detection by Terahertz techniques
Description of the work carried out during the STSM:
Measurement using transmission time-domain terahertz imaging and
spectroscopy (THz-TDS) of normal/healthy and carcinoma-affected paraffinembedded colon and melanoma samples for cancer detection
The samples (paraffin-embedded of colon and gastric tissue) were obtained
from the archives of The Department of Pathologic Anatomy of São João
Hospital of Porto, Portugal. The work with the biological samples is under
Authorization of Ethics Comission, CES 211-13 – Centro Hospitalar S. João –
EPE, Porto, Portugal.
Histological samples with the same thickness (2 mm), taken from partial distal
and total gastrostomy adenocarcinoma pT3 and, pT4-type affected, all of them
with its correspondent health region, have been measured at the same
environment conditions. Histological samples with constant thickness of 2 mm
were taken from partial distal and total gastrostomy. The histologic analysis
classified samples in adenocarcinoma type pT3 and pT4 tissues which have
been mounted into paraffin blocks. The first tissue blocks (marked pT3)

correspond to the colon adenocarcinoma tumour invading subserosa or into
non-peritonealized pericolic or perirectal tissues. While in the second tissue
blocks (marked pT4) tumour perforates visceral peritoneum and/or directly
invades other organs or structures.
The tissue samples preparation and acquisition procedures were comprised in
four steps: 1) specimens preparation and fixation; 2) selection of tissue from
the specimens; 3) processing the tissue of the samples; and 4) paraffinembedding and mounting in the paraffin blocks. The tissue samples were
prepared according to the standard protocols approved in hospital. The samples
were placed in a solution of formalin buffered at 10% (%V/V) during 24 hours.
Later the non-neoplastic and neoplastic regions were collected from the
specimens. Then the samples were submitted to a standardized fixation in
formalin buffered at 10%, dehydrated with crescent concentrations of ethanol
(75% - 90% - 100%), clarification with xylene, and paraffin impregnation at
62ºC. Finally, the samples were taken from the automatic processor and
adequately oriented in a paraffin block at 62ºC and, thereafter, they were
polymerized and solidified in a cold plaque at temperature -5ºC.
The spectroscopic THz imaging (STI) system was developed for fast THz
images acquisition at room environment. The setup was configured in such a
way that the image in reflection and transmission mode were recorded
simultaneously. The STI system was based on commercially available
amplifier/multiplier chains (Virginia Diodes, Inc.) and the THz antennacoupled micro-bolometer detectors associated with the 3-axis translation stage
used for accurate positioning of the subject under test. The source was set to
operate in meander-type 1.5 kHz amplitude modulation regime emitting power
of about 1.2 mW at 590 GHz frequency. The particular frequency range was
selected due to higher contrast between control and neoplastic tissues measured
with the coherent THz spectrometer. In addition, the imaging at lower
frequency 200-300 GHz was taken into consideration but contrast between
different tissues was found not sufficient and the spatial resolution was obtained
not better than 1.0 mm vs 0.5 mm for 600 GHz received imaging the resolution
patterns. Emitted THz radiation was collimated with the HDPE lens and
directed to a 2” diameter 5 cm focal length off-axis parabolic (OAP) mirror
used to focus the THz beam onto the sample. Transmitted through the sample
radiation was collected by the identical OAP mirror and directed to the THz

detector. The high resistivity silicon beam splitter (BS) was inserted in an
optical path to redirect reflected from the sample THz radiation to the THz
detector. The antenna-coupled titanium micro-bolometers were used for
sensitive reflected and transmitted THz signals detection in real time at room
temperature. The signals were registered by the lock-in method employing the
position synchronized measurement technique.
Absorption and reflection spectra of the samples was obtained with the THzTDS system. Stronger THz absorption was measured for the colon tumour in
comparison to the control tissue. The reflectance signal dispersion was very
weak and almost independent on frequency in investigated spectrum range up
to 1.4 THz. And a little bit stronger adenocarcinoma tissues reflection in
comparison to healthy one was measured. Averaged values obtained by the THz
spectroscopy sometimes differed from the THz imaging results probably due to
the inhomogeneous distribution of the tissues, thickness variation of the tissue
caused by paraffin embedding process, and/or alignment problems of the THzTDS beam consisted of broadband THz pulse spectrum.
Description of the main results obtained:
All samples revealed contrast differences between the affected (right-hand side
in the column) and the normal (left-hand side in the column) tissues. Meanwhile
noticeable tumour stage differences between the pT3 type (less developed) and
pT4 type (slightly more developed) tumours was possible to distinguish.
The absorbance difference between adenocarcinoma and control tissues was up
to 23 % with larger absorbance for the affected tissue. While the contrast
between tissues in the THz reflectance images was similar and did not reached
20 %. Our findings differ from THz reflection imaging of the freshly cut
colorectal specimens.
The THz imaging was able to distinguish non-neoplastic and neoplastic tissues
without microscopic methods used blindly to detect the tumour boarders. In this
case, the THz images were able to show differences between two types of
adenocarcinoma tumour.

Mutual benefits for the Home and Host institutions:
Promising results for a better health care and good scientific publications
Future collaboration with the Host institution (if applicable):
The Collaboration began from 2009 (during the PhD Thesis work of the STSM
Grantee. Accord to the present research project related with this collaboration,
it is to last up to 2018, with one to two travels yearly to Terahertz Photonics
Laboratory - Center for Physical Sciences and Technology, in Vilnius,
Lithuania.
Foreseen journal publications or conference presentations expected to
result from the STSM (if applicable):
From the present STSM we have already submitted one paper: “Terahertz
absorption and reflection imaging of carcinoma-affected colon tissues
embedded in paraffin”, and are preparing others for melanomas and Hydrogels
with gold and chitosan nanoparticles
Connect also this to the results.




Innovative knowledge resulting from COST networking through the
Action. (Specific examples of Results vs. Objectives)
Significant scientific breakthroughs as part of the COST Action.
(Specific examples)
Tangible medium term socio-economic impacts achieved or expected.
(Specific examples)
Connect this to the results.
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Notes:
STSM application number: please report the number assigned by the system
to your application: COST-STSM-ECOST-STSM-BM1205-020215-053152
European Network for Skin Cancer Detection using Laser Imaging WG:
please write the number of the WG within which the cooperation is meant to be
established.
Objective of the collaboration:
Infrared and Terahertz Imaging and Spectroscopy for Biomedical
Applications
The present project is aimed to explore the potential of Infrared and Terahertz
(THz) Imaging and Spectroscopy, which are new, extremely non-invasive and
non-destructive, non-time consuming test and sensing techniques, and to
demonstrate and establish their ability in the diagnosis of colon, gastric and skin
cancer.
This research project is aimed at determining which THz imaging and
spectroscopic parameters are useful in distinguishing normal from abnormal

tissue in the specific problems of colon and gastric and skin cancer, using
different intelligent techniques. It will attempt to find a standardized method of
data analysis for THz imaging and spectroscopy output for this disease. It also
aims to find out whether a generalized method can be proposed, or whether data
differs between and within patients so greatly that each patient requires
individualized analysis methods.
The study of reflection/transmission spectral properties of specific biological
tissues will be done in order to relate them to functional properties of the tissues.
Skin cancer, such as melanomas and basal cell carcinoma, will also be object
of investigation in vitro and in vivo. Investigation in the frequency-domain will
be realized to determine whether spectral information can be retrieved at depth
using reflection and transmission geometries, a problem that has not yet been
solved.
Research team
The project will be hosted at INEB and carried out in collaboration with the
Terahertz Photonics Laboratory of the Institute of Physical Sciences and
Technology of Vilnius, Lithuania and IPATIMUP (Instituto de Patologia e
Imunologia Molecular da Universidade do Porto)/Hospital de São João.
The research team involves the following researchers and clinicians:
Scientific Adviser - Biomaterials: Pedro Lopes Granja (INEB); Co-Scientific
Adviser - Physicist: Gintaras Valusis (Terahertz Photonics Laboratory,
Institute of Physical Sciences and Technology of Vilnius, Lithuania); CoScientific Adviser-Pathologist: Fátima Carneiro (IPATIMUP/Hospital São
João/Faculty of Medicine, University of Porto); And researcher- Physicist:
Faustino Wahaia (INEB):
Results of the collaboration:
Research activity with Journal publications that should also bring the
following outcomes in terms of social impact,
 Increase in the endoscopists’ ability to locate dysplastic or cancerous
tissue by the use of non-invasive, non-painful, non-time consuming
and non-ionizing diagnostic screening technique;
 Provide to the physicians the ability to target dysplastic or cancerous
tissue visually difficult to detect or undetectable using current
endoscopic systems;





Provide a powerful technique, capable of accurate identification of
margins of the diseased areas prior to performing any removal
surgery;
Improve the sensitivity to identify dysplasia enabling physicians for
earlier actions in treatment to stop the progression of premalignant
disease;
Implement an earlier treatment, which could result in better health
care and, therefore, better patients’ outcomes.

