PROGRESS IN BIOMEDICAL OPTICS AND IMAGING

Vol. 19 No. 23

Optical Biopsy XVI: Toward
Real-Time Spectroscopic
Imaging and Diagnosis

Robert R. Alfano
Stavros G. Demos
Editors

30-31 January 2018
San Francisco, California, United States

Sponsored by
SPIE

Cosponsored by

Coherent Inc. (United States)

Corning Inc. (United States)
Hamamatsu Corporation (United States)
Intuitive Surgical (United States)

Thorlabs (United States)

Published by
SPIE

Volume 10489

Proceedings of SPIE, 1605-7422, V. 10489

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

Optical Biopsy XVI: Toward Real-Time Spectroscopic Imaging and Diagnosis, edited by Robert R. Alfano, Stavros G. Demos
Proc. of SPIE Vol. 10489, 1048901 - © 2018 SPIE - CCC code: 1605-7422/18/$18 - doi: 10.1117/12.2323035

Proc. of SPIE Vol. 10489 1048901-1



The papers in this volume were part of the technical conference cited on the cover and title
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 XVI: Toward Real-Time Spectroscopic Imaging and
Diagnosis, edited by Robert R. Alfano, Stavros G. Demos, Proceedings of SPIE Vol. 10489 (SPIE,
Bellingham, WA, 2018) Seven-digit Arficle CID Number.

ISSN: 1605-7422
ISSN: 2410-2045 (electronic)

ISBN: 9781510614635
ISBN: 9781510614642 (electronic)

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 © 2018, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, 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-
7422/18/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
SPIE. X5

e LIBRARY

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned fo each arficle 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 seven-digit CID article
numbering system structured as follows:
= The first five 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 letters. 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 manuscripf.

Proc. of SPIE Vol. 10489 1048901-2



Contents

Vii Authors
iX Conference Committee
SESSION 1 TOWARDS MID-INFRARED OPTICAL BIOPSY |
10489 05 Mid-infrared fiber-coupled supercontinuum speciroscopic imaging using a tapered
chalcogenide photonic crystal fiber (Invited Paper) [10489-4]
SESSION 2 TOWARDS MID-INFRARED OPTICAL BIOPSY II
10489 OA Automated pre-processing and multivariate vibrational specira analysis software for rapid
results in clinical settings [10489-9]
SESSION 3 SPECTROSCOPIC INSTRUMENTATION AND DESIGNS
10489 0B In vivo, noncontact, real-time, optical and spectroscopic assessment of the immediate
local physiological response to spinal cord injury in a rat model [10489-10]
10489 0C Multi-color autofluorescence and scattering speciroscopy provides rapid assessment of
kidney function following ischemic injury (Invited Paper) [1048%-11]
10489 0D Calibration-free technique for the measurement of oxygen saturation changes in muscles
of marine mammails and its proof of concept [10489-12]
10489 OE In-vivo fluorescence detection of breast cancer growth factor receptors by fiber-optic
probe [10489-13]
10489 OF In vivo measurements of optical properties of human muscles with visible and near
infrared reflectance spectroscopy [10489-14]
SESSION 4 IMAGING INSTRUMENTATION AND DESIGNS
10489 0J Novel fiber optic-based needle redox imager for cancer diagnosis [10489-18]
10489 OK Colorectal cancer detection by hyperspectral imaging using fluorescence excitation
scanning [10489-19]
10489 OM A colinear backscattering Mueller matrix microscope for reflection Muller matrix imaging

[10489-21]

Proc. of SPIE Vol. 10489 1048901-3



10489 ON

Noninvasive optical monitoring multiple physiological parameters response to cytokine
storm [10489-22]

SESSION 5 APPLICATIONS OF OPTICAL BIOPSY |

10489 00O Towards real-time non contact spatial resolved oxygenation monitoring using a multi
spectral filter array camera in various light conditions [10489-23]

SESSION 6 APPLICATIONS OF OPTICAL BIOPSY I

10489 OT Statistical analysis and machine learning algorithms for optical biopsy [10489-28]

SESSION 7 SPECTROSCOPIC METHODS |

10489 OX Characterization and discrimination of human breast cancer and normal breast tissues
using resonance Raman spectroscopy (Invited Paper) [10489-32]

SESSION 8 SPECTROSCOPIC METHODS II

10489 14 Near infrared speciroscopy of human muscles [10489-39]

10489 15 Developing visible and near-infrared reflectance spectroscopy to detect changes of the
dermal collagen concentration [10489-40]

10489 16 Application of wavelet based MFDFA on Mueller matrix images for cervical pre-cancer
detection [10489-41]

10489 17 Stokes shift spectroscopy for the early diagnosis of epithelial precancers in DMBA treated
mouse skin carcinogenesis [10489-42]

10489 18 Fermat single pixel camera for characterizing optical properties of biological tissues over
the visible to SWIR spectral range [10489-43]
POSTER SESSION

10489 19 A pilot study for distinguishing chromophobe renal cell carcinoma and oncocytoma using
second harmonic generation imaging and convolutional neural network analysis of
collagen fibrillar structure [10489-44]

10489 1B Fluorescence spectroscopy for throat cancer detection using human saliva [10489-46]

10489 1C Resonance Raman imaging for detecting and monitoring molecular pathological changes

in human brain tumors related to Warburg effect [10489-47]

Proc. of SPIE Vol. 10489 1048901-4



10489 1E Alzheimer's disease evaluation using label-free, stainless, fluorescence to measure
tryptophan metabolism along the kynurenine pathway [10489-49]

10489 1F Thermographic analysis of photodynamic therapy with intense pulsed light and needle-
free injection photosensitizer delivery: an animal study [10489-50]

10489 1G Intrinsic fluorescence based in-vivo detection of cervical precancer with hand held
prototype device [10489-51]

Proc. of SPIE Vol. 10489 1048901-5



Proc. of SPIE Vol. 10489 1048901-6



Authors

Numbers in the index correspond to the last two digits of the seven-digit citation identfifier (CID) article
numbering system used in Proceedings of SPIE. The first five 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, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Agarwal, Asha, 1G
Alfano, Robert R., OT, OX, 1C, 1E
Bagnato, Vanderlei S., 1F
Bailin, Jacob, 0T

Bang, Ole, 05

Bauer, Jacob R., 00
Beckman, Hugh, OT
Bhattacharjee, T., 0A
Bishop, Kyle Kelly, OB
Boer, Christa, 00
Bonifaz, G., 14

Booker, Marloes, 0D
Boudreaux, Carole W., 0K
Boydston-White, Susie, OT
Bustamante, Gilbert, OE
Cardillo, A., 14

Chaiken, J., 0B

Chen, Xin, 18

Chen, Yu, 0J

Chen, Zhenhua, OM
Cheng, Gangge, 1C
Currg, A., 14

da Rocha, Rozana W., TF
Deal, Joshua, OK
Deluna, Frank, OE

de Menezes, Priscila F. C., 1F
Demos, Stavros G., 0C
de Nardi, Andrigo B., 1F
Escobar, Andre, 1F
Farries, Mark, 05

Filioe, Seth, OB

Fillipe, L., OA

Franco, Wallfre, 0D
Gaitan, Brandon, 0J
Gallagher, Ryan, 19
Gao, Xin, 0X
Gasbarrone, R., 14
Goenka, Chhavi, 0D
Goodisman, Jerry, OB
Grange, Robert M. H., 0D
Hardeberg, Jon Y., 00
Hasenwinkel, Julie, OB
Hill, Shante, OK

Hindle, Allyson G., 0D

Hu, Hailong, 1C

Icaza, Michael, 19

Jain, Manu, 19

Jannini, Alexander Vincent Struck, OB
Jeyasingh, Ebenezar, 17

Proc. of SPIE Vol

Judd, Nicolas, 19
Kanniyappan, Udayakumar, 0J
Kim, Jon, 0B

Klaessens, John, 00
Kumar, Pavan, OA, 1B

Lall, Malvika, OK

Leavesley, Silas J., OK

Li, Lin Z., 0J

Li, Ting, ON

Li, Zebin, ON

Lico, Andy Ying Chi, 15

Lin, Weihao, 18

Liu, Cheng-hui, 0T, 1C

Liu, Jian, 18

Liu, Yi, 0J

Lloyd, Gavin Rhys, 05
Lopez, Carmen, OK

Ma, Hui, OM

Martin, Will A., OK
McDonough, Ricky, 0B
Meena, Bharat Lal, 1G
Mukherjee, Sushmita, 19
Nallala, Jayakrupakar, 05
Napier, Bruce, 05
Noordmans, Herke Jan, 00
Ortega-Martinez, Antonio, 0D
Ortiz, Steve, OB

Pandey, Kiran, 1G
Pantola, Chayanika, 1G
Pivetti, Chris D., 0C
Pradhan, Asima, 16, 1B, 1G
Prakasarao, Aruna, 17
Pratavieira, Sebastido, 1F
Priljaga. Nikola, 05
Raikwar, Akanksha, 1G
Raman, Rajesh N., 0C
Ramsamooj, Rajendra, 0C
Requena, Michelle B., 1F
Rich, Thomas C., 0K

Rider, Paul F., OK
Rosenberg Petersen, Christian, 05
Serranti, S., 14

Shi, Lingyan, 0T, 1C, 1E
Singaravelu, Ganesan, 17
Singh, Ashutosh, 1B

Smith, Jason, 0T, 0X, 19
Sordillo, Laura A., OT, 1E
Sordillo, Peter P., 1E
Sriramoju, Vidyasagar, 0T, 1E

. 10489 1048901-7

vii



viii

Stone, Nick, 05

Stringasci, Mirian D., 1F
Sun, Luzhe, OE

Sung. Kung Bin, OF, 15
Szeligowski, Richard, 19
Tang, Qinggong, 0J
Troppmann, Christoph, 0C
van Beekum, Karlijn, 00
Verdaasdonk, Rudolf M., 00
Vollet-Filho, José Dirceu, 1F
Wang, Bingzhi, OE

Wang, Chiao Yi, OF, 15
Wang, Dandan, 18

Ward, Jon, 05

Wu, Binlin, 0T, 0X, 19, 1C
Xu, He N., 0J

Xu, M., 18

Yang, Yang, 1C

Yao, Yue, OM

Ye, Jing Yong, OE

Yu, Ting Wen, OF

Yu, Wenlei, 18

Yu, Xinguang, 1C

Zaffar, Mohammad, 16, 1B
Zeng, Bixin, 18

Zhang, Chunyuan, 0T, 1C
Zhang, Lin, OT, OX, 1E
Zheng, Yang, 18

Zhou, Yan, 1C

Zhu, Ke, 1C

Zhu, Xiuwei, 18

Zhu, Yuanhuan, OM

Proc. of SPIE Vol. 10489 1048901-8



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 Medical School
(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, University of Rochester Laboratory for Laser
Energetics (United States)

Conference Program Committee

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

Zhiwei Huang, National University of Singapore (Singapore)

Nicusor V. Iftimia, Physical Sciences Inc. (United States)

Amir Gandjbakhche, National Institutes of Health (United States)

Israel Gannot, Johns Hopkins University (United States) and Tel Aviv
University (Israel)

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

Igor V. Meglinski, University of Oulu (Finland)

Lingyan Shi, Columbia University (United States)

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

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

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

Siavash Yazdanfar, GE Global Research (United States)

Session Chairs

1 Towards Mid-Infrared Optical Biopsy |
Angela B. Seddon, The University of Noftingham (United Kingdom)

Proc. of SPIE Vol. 10489 1048901-9



Towards Mid-Infrared Optical Biopsy I
Stewart Russell, The City University of New York (United States)

Spectroscopic Instrumentation and Designs
Laura A. Sordillo, The City College of New York (United States)
Stavros G. Demos, University of Rochester (United States)

Imaging Instrumentation and Designs
Israel Gannot, Johns Hopkins University (United States)

Applications of Optical Biopsy |

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

Nicusor V. Iftimia, Physical Sciences Inc. (United States)

Applications of Optical Biopsy |l
Binlin Wu, Southern Connecticut State University (United States)
Nicusor V. Iftimia, Physical Sciences Inc. (United States)

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

Spectroscopic Methods I
Stavros G. Demos, University of Rochester (United States)

Proc. of SPIE Vol. 10489 1048901-10



