PROGRESS IN BIOMEDICAL OPTICS AND IMAGING

Vol. 17 No. 15

Optical Biopsy XIV: Toward
Real-Time Specitroscopic
Imaging and Diagnosis

Robert R. Alfano
Stavros G. Demos
Editors

15-17 February 2016
San Francisco, Cadlifornia, United States

Sponsored and Published by
SPIE

Volume 9703

Proceedings of SPIE 1605-7422, V. 9703

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Optical Biopsy XIV: Toward Real-Time Spectroscopic Imaging and Diagnosis, edited by Robert R. Alfano
Stavros G. Demos, Proc. of SPIE Vol. 9703, 970301 - © 2016 SPIE - CCC code: 1605-7422/16/$18 - doi:
10.1117/12.2229262

Proc. of SPIE Vol. 9703 970301-1



The papers in this volume were part of the technical conference cited on the cover and ftitle
page. Papers were selected and subject to review by the editors and conference program
committee. Some conference presentations may not be available for publication. Additional
papers and presentation recordings may be available online in the SPIE Digital Library at
SPIEDigitallibrary.org.

The papers reflect the work and thoughts of the authors and are published herein as submitted.
The publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon.

Please use the following format to cite material from these proceedings:

Author(s), "Title of Paper," in Optical Biopsy XIV: Toward Real-Time Spectroscopic Imaging and
Diagnosis, edited by Robert R. Alfano, Stavros G. Demos, Proceedings of SPIE Vol. 9703 (SPIE,
Bellingham, WA, 2016) Six-digit Article CID Number.

ISSN: 1605-7422
ISSN: 2410-9045 (electronic)
ISBN: 9781628419375

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2016, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the infernal or personal use of
specific clientfs, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is 1605-
7422/16/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
s P I DIGITAL

e LIBRARY

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs
allows articles to be fully citable as soon as they are published online, and connects the same
identifier to all online and print versions of the publication. SPIE uses a six-digit CID article
numbering system structured as follows:
= The first four digits correspond to the SPIE volume number.
» The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letfters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscript.

Proc. of SPIE Vol. 9703 970301-2



Contents

vii Authors
iX Conference Committee
SESSION 1 TOWARDS THE MID-INFRARED OPTICAL BIOPSY: MINERVA-I
9703 02 Towards the mid-infrared optical biopsy (Invited Paper) [9703-1]
9703 03 Identification of Gl cancers utilising rapid mid-infrared spectral imaging (Invited Paper)
[9703-2]
9703 04 Towards supercontinuum-driven hyperspectral microscopy in the mid-infrared [9703-3]
9703 05 A two-step framework for the registration of HE stained and FTIR images [9703-4]
9703 06 Investigating the effect of pixel size of high spatial resolution FTIR imaging for detection of
colorectal cancer [9703-5]
9703 07 Potential of mid IR spectroscopy in the rapid label free identification of skin malignancies
[9703-6]
SESSION 2 TOWARDS THE MID-INFRARED OPTICAL BIOPSY: MINERVA-II
9703 09 Ge-Sb-Se glass fiber-optics for in-vivo mid-infrared optical biopsy [9703-8]
9703 0A Mid-IR supercontinuum generation beyond 7 uym using a silica-fluoride-chalcogenide fiber
cascade [9703-9]
9703 0B All-fiber mid-IR supercontinuum: a powerful new tool for IR-spectroscopy [9703-10]
SESSION 3 MINI-SYMPOSIUM: OPTICAL RAPID EX-VIVO TISSUE ASSESSMENT I
9703 OE High resolution microendoscopy with structured illumination and Lugol's iodine staining for
evaluation of breast cancer architecture (Invited Paper) [9703-13]
9703 OF Line-scanning, stage scanning confocal microscope (Invited Paper) [9703-14]
SESSION 4 MINI-SYMPOSIUM: OPTICAL RAPID EX-VIVO TISSUE ASSESSMENT I
9703 0l Ex vivo applications of multiphoton microscopy in urology (Invited Paper) [9703-17]

Proc. of SPIE Vol. 9703 970301-3



SESSION 5

MINI-SYMPOSIUM: OPTICAL RAPID EX-VIVO TISSUE ASSESSMENT Il

9703 OL Development and clinical translation of OTIS: a wide-field OCT imaging device for ex-vivo
tissue characterization (Invited Paper) [9703-21]
9703 00 Real-time digital signal processing in multiphoton and time-resolved microscopy
(Invited Paper) [9703-24]
SESSION 6 MINI-SYMPOSIUM: OPTICAL RAPID EX-VIVO TISSUE ASSESSMENT IV
9703 OP Implementation of fluorescence confocal mosaicing microscopy by "early adopter’ Mohs
surgeons: a review of recent progress (Invited Paper) [9703-25]
9703 0Q Differentiation of cancerous and normal brain tissue using label free fluorescence and
Stokes shift spectroscopy [9703-26]
SESSION 7 LABEL-FREE ADVANCED OPTICS TISSUE ASSESSMENT
9703 OW Label-free pathological evaluation of grade 3 cancer using Stokes shift spectroscopy
[9703-32]
9703 0X Monitoring of iryptophan as a biomarker for cancerous cells in Teraheriz (THz) sensing
[9703-33]
SESSION 8 APPLICATIONS OF RAMAN SCATTERING
9703 10 Assessing the effect of a high-fat diet on rodents' adipose tissue using Brillouin and Raman
spectroscopy [9703-36]
SESSION 9 APPLICATIONS OF SPECTRAL IMAGING
9703 11 Penetration depth in tissue-mimicking phantoms from hyperspectral imaging in SWIR in
transmission and reflection geometry [9703-39]
9703 14 Nanosecond coherent anti-Stokes Raman scattering for particle size characterization
[9703-38]
9703 15 Hyperspectral imaging fluorescence excitation scanning for detecting colorectal cancer:
pilot study [9703-43]
SESSION 10 TISSUE ASSESSMENT WITH LIGHT SCATTERING
9703 18 Near-infrared Mueller matrix imaging for colonic cancer detection [9703-45]

Proc. of SPIE Vol. 9703 970301-4



9703 19 Protocol using elliptically polarized light for enhanced contrast in polarization gating
imaging of biological tissues [9703-46]
9703 1A Characterizing microstructural changes of skeletal muscle tissues using spectral
transformed Mueller matrix polarization parameters [9703-47]
SESSION 11 ASSESSMENT OF CELL AND TISSUE FUNCTION
9703 1B Preliminary investigation of intrinsic UV fluorescence spectroscopic changes associated
with proteolytic digestion of bovine articular cartilage [9703-48]
9703 1D Wound size measurement of lower exiremity ulcers using segmentation algorithms
[9703-50]
9703 1E Monitoring combat wound healing by IR hyperspectral imaging [9703-51]
SESSION 12 LABEL-FREE SPECTROSCOPY METHODS
9703 1F Study on discrimination of oral cancer from normal using blood plasma based on
fluorescence steady and excited state at excitation wavelength 280 nm [9703-55]
9703 1H Steady state fluorescence spectroscopic characterization of normal and diabetic urine at
selective excitation wavelength 280 nm [9703-57]
9703 1l LED-based endoscopic light source for spectral imaging [9703-53]
POSTER SESSION
9703 1M Evaluation of algorithm methods for fluorescence spectra of cancerous and normal human
tissues [9703-59]
9703 1P Fluorescence anisotropy characterization of urine in the diagnosis of cancer [9703-62]
9703 1Q The effect of Stokes shift in the discrimination of urine of cervical cancer from normal
subjects [9703-63]
9703 1R Optical pathology of human brain metastasis of lung cancer using combined resonance
Raman and spatial frequency spectroscopies [9703-64]
9703 1S Optical pathology study of human abdominal aorta tissues using confocal micro
resonance Raman spectroscopy [9703-65]
9703 1T Raman speciroscopy of bio fluids: an exploratory study for oral cancer detection [9703-66]
9703 1U Evaluation of actinic cheilitis using fluorescence lifetime spectroscopy [9703-54]
9703 1V An empirical formula based on Monte Carlo simulation for diffuse reflectance from turbid

media [9703-67]

Proc. of SPIE Vol. 9703 970301-5



9703 1W Assessing the photoaging process at sun exposed and non-exposed skin using
fluorescence lifetime spectroscopy [9703-52]

9703 1X Tissue slides analysis using red, green, and blue LEDs as microscope light source [9703-19]
9703 1Y The Raman spectrum character of skin tumor induced by UVB [9703-37]

9703 1Z Imaging using a supercontinuum laser to assess tumors in patients with breast carcinoma
[9703-100]

Proc. of SPIE Vol. 9703 970301-6



Authors

Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first four digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of articles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Abdalla, M., 04 Godavarty, Anuradha, 1D
Abdel-Moneim, Nabil, 02 Gok, Seher, 0X

Akens, Margarete, OL Grant, Benjamin, OE
Alfano, Robert R., 0Q, 0W, 1M, 1R, 1S, 1Z Hasal, R., 04

Altan, Hakan, 0X He, Chao, 1A

Aruna, Prakasa Rao, 1F, 1H, 1P, 1Q, 1T, 1V He, Honghui, 1A

Atchia, Yaaseen, OL He, Yong, 0Q

Bagnato, Vanderlei S., 1X Howle, Chris R., 1E

Baker, Thomas, 15 Hu, Liangjun, 1Y

Bang, Ole, 02, 04, 0A Huang, Zhiwei, 18

Barr, Hugh, 03 Huot, Laurent, 04, 0B

Barta, C., 04 Jain, Manu, 0l, OP

Benson, Trevor M., 02, 09 Jayakrupakar, Nallala, 02
Berezin, Mikhail Y., 11 Kastl, Lena, 07

Berkeley, Andrew, OL Kemper, Bjorn, 07
Boudreaux, Carole W., 15 Kendall, Catherine, 03
Boydston-White, Susie, 1S Kesavan, Anjana, 1H
Brindha, Elumalai, 1P, 1Q, 1T Kim, David M., 11

Brooks, Chris D., 04, OB Koteeswaran, Dornadula, 1P, 1Q, 1T
Browning, Craig M., 1l Krishnamurthy, Savitri, OE
Butterworth, J. H., 09 Kubat, Irnis, 02

Capitaine, Erwan, 14 Kuerer, Henry, OE

Carucci, John A., OF Kulkarni, Supriya, OL

Chang, Jintao, 1A Kurachi, Cristina, 1U, 1W, 1X
Chen, Jun, 1R Kyrish, Matthew, OE

Cheng, Gangge, 0Q, 1R Lamrini, Samir, 02

Cosci, Alessandro, 1U Leavesley, Silas J., 15, 11
Couderc, Vincent, 14 Lefort, Claire, 14

Crane, Nicole J., 1E Leong, Wey-Liang, OL

Da Silva, Anabela, 19 Leproux, Philippe, 14
Dadkhah, Arash, 1D Lewis, William, 1B

Danner, Christine, OL Li, Yongzeng, 1Y

Davoudi, Bahar, OL Lin, Kan, 18

de Gaspari, D., 04 Lindsay, lan D., 02, 04

de Souza, Larissa M., 1X Liu, Cheng-hui, 0Q, 1R, 1S
Dobbs, Jessica, OE Lloyd, Gavin Rhys, 02, 03, 05, 06, 07
Done, Susan J., OL Lopez, Carmen, 15

El Bassri, Farid, 14 Louot, Christophe, 14

Fang, Ruogu, 1D M. von Wurtemberg, R., 04
Farries, Mark, 02, 04 Ma, Hui, 1A

Favreau, Peter F., 15, 1l Magnin, Paul A., OL

Fischer, Martin C., 00 Martijn, H., 04

Franco, Walfre, 1B Mayes, Samuel, 1l

Furniss, David, 02, 09 Meng, Zhaokai, 10
Ganesan, Singaravelu, 1F, 1H, 1P, 1Q, 1T, 1V Mgller, Uffe, 02, 04, 0A
Gareau, Daniel, OF Moselund, Peter M., 02, 04, OA, 0B
Gazi, Ehsan, 1E Mukherjee, Sushmita, 0l
Gnanatheepam, Einstein, 1V Munro, Elizabeth A., OL
Gobbell, Cassidy, 10 Nallala, Jayakrupakar, 03, 04, 05, 06, 07

vii

Proc. of SPIE Vol. 9703 970301-7



viii

Napier, Bruce, 02

Naranjo, Valery, 05, 07
Navascues, Felipe F., 1X
Nehal, Kishwer, OP
Ortega-Martinez, Antonio, 1B
Ozyurt, Ipek, 0X
Padilla-Martinez, Juan-Pablo, 1B
Pagnoux, Dominique, 14
Pang, Xing, 1D

Parnell, H., 09

Pefiaranda, Francisco, 05, 07

Petersen, Christian Rosenberg, 02, 0A

Petersen, Christian, 0A
Pratavieira, Sebastiao, 1U, 1X
Pu, Yang, 1M, 1R
Rajadhyaksha, Milind, ON, OP
Rajasekaran, Ramu, 1P, 1Q, 1T
Rekha, Pachaiappan, 1F, 1H
Rempel, David, OL

Rich, Thomas C., 15, 1l
Richards-Kortum, Rebecca, OE
Rider, Paul F., 15

Rosa, Ramon G. T., 1X

Saito Nogueira, Marcelo, 1U, 1W
Sakr, H., 09

Salo, Daniel, 11
Schnekenburger, Jirgen, 07
Scotchford, C., 09

Seddon, Angela B., 02, 04, 09
Severcan, Feride, 0X
Shepherd, Neil, 03

Shi, Lingyan, 1S

Shu, Cheng, 0Q

Simsek Ozek, Nihal, 0X
Sivabalan, Shanmugam, 1P
Smuk, S., 04

Sojka, Lukasz, 02

Solis, Elizabeth, 1D

Sordillo, Laura A., 0W, 1S, 1Z
Sordillo, Peter P., 0W, 1S, 1Z
Souza Azevedo, Rebeca, 1U
Spear, Abigail M., 1E

Sridhar, Susmita, 19

Stevens, G., 04

Stevenson, Mary, OF

Stone, Nick, 02, 03, 04, 05, 06, 07
Sujecki, Slawomir, 02, 04
Takahama, Ademar, Jr., 1U
Tang, Zhuogqi, 02, 09

Tkaczyk, Tomasz, OE
Tomaselli, Vincent P., 1S
Troyanova-Wood, Maria, 10
Valic, Michael S., OL

Valle, S., 04

Verdu, Rafaél, 05

Vinella, R. M., 04

Wang, Jianfeng, 18

Wang, Leana, 0Q

Wang, Peng, 0Q

Wang, Wubao, 1M, 1S

Wang, Yunxia, 1Y
Ward, Jon, 02, 04
Warren, Warren S., 00
Weisberg, Arel, 1S
Wheeler, Mikayla, 15
Wilson, Brian C., OL
Wilson, Jesse W., 00
Wu, Shulian, 1Y
Yakovlev, Vladislav V., 10
Yang, Wei, OE

Yu, Xinguang, 0Q
Zhang, Hairong, 11
Zheng, Wei, 18

Zhou, Lixin, 1R

Zhou, Yan, 0Q, 1R
Zhu, Ke, 1R

Proc. of SPIE Vol. 9703 970301-8



Conference Committee

Symposium Chairs

James G. Fujimoto, Massachusetts Institute of Technology
(United States)

R. Rox Anderson, Wellman Center for Photomedicine, Massachusetts
General Hospital (United States) and Harvard School of Medicine
(United States)

Program Track Chairs

Tuan Vo-Dinh, Fitzpatrick Institute for Photonics, Duke University
(United States)
Anita Mahadevan-Jansen, Vanderbilt University (United States)

Conference Chairs

Robert R. Alfano, The City College of New York (United States)
Stavros G. Demos, Lawrence Livermore Natfional Lab. (United States)

Conference Program Committee

Irving J. Bigio, Boston University (United States)

Nicole J. Crane, Naval Medical Research Center (United States)

Zhiwei Huang, National University of Singapore (Singapore)

Amir Gandjbakhche, National Institutes of Health (United States)

Israel Gannot, Tel Aviv University (Israel)

Igor V. Meglinski, University of Otago (New Zealand)

Yang Pu, George Mason University (United States)

Lingyan Shi, The City College of New York (United States)

Milind Rajadhyaksha, Memorial Sloan-Kettering Cancer Center
(United States)

Angela B. Seddon, The University of Nottingham (United Kingdom)

Kestutis Sutkus, The City College of New York (United States)

Siavash Yazdanfar, GE Global Research (United States)

Session Chairs

1 Towards the Mid-Infrared Optical Biopsy: MINERVA-I
Bruce Napier, Vivid Components Ltd. (Germany)

2 Towards the Mid-Infrared Optical Biopsy: MINERV A-II
Angela B. Seddon, The University of Nottingham (United Kingdom)

Proc. of SPIE Vol. 9703 970301-9



10

Mini-Symposium: Optical Rapid Ex-Vivo Tissue Assessment |

Michael G. Giacomelli, Massachusetts Institute of Technology
(United States)

Richard M. Levenson M.D., University of California, Davis
(United States)

Mini-Symposium: Optical Rapid Ex-Vivo Tissue Assessment I
Nicusor V. Iftimia, Physical Sciences Incorporated (United States)
Farzad Fereidouni, University of California, Davis (United States)

Mini-Symposium: Optical Rapid Ex-Vivo Tissue Assessment I
Elena F. Brachtel, Massachusetts General Hospital (United States)
Nicusor V. Iftimia, Physical Sciences Inc. (United States)

Mini-Symposium: Optical Rapid Ex-Vivo Tissue Assessment [V

Heidy Sierra, Memorial Sloan-Kettering Cancer Center (United States)

Milind Rajadhyaksha, Memorial Sloan-Kettering Cancer Center
(United States)

Label-Free Advanced Optics Tissue Assessment
Israel Gannot, Tel Aviv University (Israel)
Amir Gandjbakhche, National Institutes of Health (United States)

Applications of Raman Scattering
Lingyan Shi, The City College of New York (United States)
Laura A. Sordillo, The City College of New York (United States)

Applications of Spectral Imaging
Zhiwei Huang, National University of Singapore (Singapore)
Wubao B. Wang, The City College of New York (United States)

Tissue Assessment with Light Scattering
Laura Marcu, University of California, Davis (United States)
Igor Meglinski, University of Oulu (Finland)

Assessment of Cell and Tissue Function
Yang Pu, George Madison University (United States)
Siavash Yazdanfar, GE Global Research (United States)

Label-Free Spectroscopy Methods

Stavros G. Demos, Lawrence Livermore National Laboratory
(United States)

Hakan Altan, Middle East Technical University (Turkey)

Proc. of SPIE Vol. 9703 970301-10



