
PROGRESS IN BIOMEDICAL OPTICS AND IMAGING 
Vol. 21 No. 57 

 
 
 
 

Volume 11320 
 
 

Proceedings of SPIE, 1605-7422, V. 11320 

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

Medical Imaging 2020 
 

Digital Pathology 
 
 
 
John E. Tomaszewski 
Aaron D. Ward 
Editors   

 
 
19–20 February 2020 
Houston, Texas, United States 
 
 
Sponsored by 
SPIE  
 
Cooperating Organizations 
AAPM—American Association of Physicists in Medicine (United States) 
MIPS—Medical Image Perception Society (United States) 
SIIM—Society for Imaging Informatics in Medicine (United States) 
IFCARS—International Foundation for Computer Assisted Radiology and Surgery (Germany) 
WMIS—World Molecular Imaging Society 
 
Published by 
SPIE                                  
 

Medical Imaging 2020: Digital Pathology, edited by John E. Tomaszewski,
Aaron D. Ward, Proc. of SPIE Vol. 11320, 1132001 · © 2020 SPIE

CCC code: 1605-7422/20/$21 · doi: 10.1117/12.2570835

Proc. of SPIE Vol. 11320  1132001-1



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 Medical Imaging 2020: Digital Pathology, edited by 
John E. Tomaszewski, Aaron D. Ward, Proceedings of SPIE Vol. 11320 (SPIE, Bellingham, WA, 2020)
Seven-digit Article CID Number. 
 
ISSN: 1605-7422 
ISSN: 2410-9045 (electronic) 
 
ISBN: 9781510634077 
ISBN: 9781510634084 (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 © 2020, 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 $21.00 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-
7422/20/$21.00. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital 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 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, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 11320  1132001-2



  Contents 

 
  vii Authors 

   ix Conference Committee 

                xi 2020 Medical Imaging Award Recipients 

 

 SESSION 1  KEYNOTE AND COMPUTER-AIDED DIAGNOSIS, PROGNOSIS, AND PREDICTIVE ANALYSIS 
     
 11320 03  Compactness measures of tumor infiltrating lymphocytes in lung adenocarcinoma are 

associated with overall patient survival and immune scores [11320-2] 
     
 11320 04  Computationally derived cytological image markers for predicting risk of relapse in acute 

myeloid leukemia patients following bone marrow transplantation [11320-3] 
     
     

 SESSION 2  COMPUTER-AIDED DIAGNOSIS, PROGNOSIS, AND PREDICTIVE ANALYSIS 
     
 11320 05  Prediction of tumour mutational burden of squamous cell carcinoma using histopathology 

images of surgical specimens [11320-4] 
     
 11320 06  Identifying bladder layers from H and E images using U-Net image segmentation [11320-5] 

     
 11320 07  Generative modeling for label-free glomerular modeling and classification [11320-6] 

     
 11320 08  Hotspot detection in pancreatic neuroendocrine images using local depth [11320-7] 

     
 11320 09  Deep learning approaches for intraoperative pixel-based diagnosis of colon cancer 

metastasis in a liver from phase-contrast images of unstained specimens [11320-8] 
     
 11320 0A  Transfer learning approach for intraoperative pixel-based diagnosis of colon cancer metastasis 

in a liver from hematoxylin-eosin stained specimens [11320-9] 
     
     

 SESSION 3  SEGMENTATION OF CELLULAR AND TISSUE STRUCTURES 
     
 11320 0B  Multi-class semantic cell segmentation and classification of aplasia in bone marrow histology 

images [11320-10] 
     
 11320 0C  Using a 22-layer U-Net to perform segmentation of squamous cell carcinoma on digitized head 

and neck histological images [11320-35] 
     

iii

Proc. of SPIE Vol. 11320  1132001-3



 11320 0D  A deep learning approach to assess the predominant tumor growth pattern in whole-slide 
images of lung adenocarcinoma [11320-12] 

     
 11320 0E  Segmentation of mycobacterium tuberculosis bacilli clusters from acid-fast stained lung 

biopsies: a deep learning approach [11320-13] 
     
 11320 0F  Generative modeling for renal microanatomy [11320-14] 

     
     

 SESSION 4  GRADING AND CLASSIFICATION OF PATHOLOGY IMAGES 
     
 11320 0G  Three-dimensional histo-morphometric features from light sheet microscopy images result in 

improved discrimination of benign from malignant glands in prostate cancer [11320-15] 
     
 11320 0H  Automatic cancer sub-grading on digital histopathology images of radical prostatectomy 

specimens [11320-16] 
     
 11320 0I  Texture features distinguish benign cell clusters from adenocarcinomas on bile duct brushing 

cytology images [11320-17] 
     
 11320 0K  Graph convolutional networks for region of interest classification in breast histopathology 

[11320-19] 
     
 11320 0L  A systematic comparison of deep learning strategies for weakly supervised Gleason grading 

[11320-20] 
     
     

 SESSION 5  INTEGRATION OF MULTIMODAL AND SPATIAL INFORMATION 
     
 11320 0O  Histographs: graphs in histopathology [11320-23] 

     
 11320 0P  Deep learning-based automated hot-spot detection and tumor grading in human 

gastrointestinal neuroendocrine tumor [11320-24] 
     
 11320 0Q  Computer extracted features related to the spatial arrangement of tumor-infiltrating 

lymphocytes predict overall survival in epithelial ovarian cancer receiving adjuvant 
chemotherapy [11320-25] 

     
     

 SESSION 6  MULTISPECTRAL IMAGING, COMPUTATIONAL MICROSCOPY AND STAINING 
     
 11320 0R  Generalizing convolution neural networks on stain color heterogeneous data for 

computational pathology [11320-26] 
     
 11320 0S  Realistic cross-domain microscopy via conditional generative adversarial networks: 

converting immunofluorescence to hematoxylin and eosin [11320-27] 
     
 11320 0U  Conditional generative adversarial network for synthesizing hyperspectral images of breast 

cancer cells from digitized histology [11320-29] 

iv

Proc. of SPIE Vol. 11320  1132001-4



     
 11320 0V  Hyperspectral imaging and deep learning for the detection of breast cancer cells in digitized 

histological images [11320-30] 
     
 11320 0W  Hyperspectral microscopic imaging for automatic detection of head and neck squamous cell 

carcinoma using histologic image and machine learning [11320-31] 
     
     

   POSTER SESSION 
     
 11320 0X  Making esophageal squamous cell carcinoma survival prediction from histopathological 

images and CT images [11320-32] 
     
 11320 0Y  Fully automated classification of glomerular lesions in lupus nephritis [11320-33] 

     
 11320 10  Predicting MYC translocation in HE specimens of diffuse large B-cell lymphoma through deep 

learning [11320-36] 
     
 11320 11  Automated grade classification of oral epithelial dysplasia using morphometric analysis of 

histology images [11320-38] 
     
 11320 12  Neutrophil Extracellular Traps (NETs): an unexplored territory in renal pathobiology, a pilot 

computational study [11320-39] 
     
 11320 13  Preliminary radiomic texture analysis of high-channel fluorescence confocal images of triple-

negative breast cancer biopsies [11320-40] 
     
 11320 14  Probabilistic modelling of diabetic nephropathy progression [11320-41] 

     
 11320 15  Searching patterns in glands for predicting gastric cancer survival [11320-42] 

     
 11320 16  Domain-adversarial neural network for improved generalization performance of Gleason 

grade classification [11320-43] 
     
 11320 17  Characterization of color normalization methods in digital pathology whole slide images 

[11320-44] 
     
 11320 18  The presence and location of podocytes in glomeruli as affected by diabetes mellitus  

[11320-45] 
     
 11320 19  Improved instance segmentation of immune cells in human lupus nephritis biopsies with Mask 

R-CNN [11320-46] 
     
 11320 1A  PColorNet: investigating the impact of different color spaces for pathological image 

classification [11320-47] 
     
 11320 1B  Deep learning convolutional networks for image quality assessment in ultra-widefield 

fluorescein angiography [11320-48] 
 

v

Proc. of SPIE Vol. 11320  1132001-5



Proc. of SPIE Vol. 11320  1132001-6



Authors 
 
 
Numbers in the index correspond to the last two digits of the seven-digit citation identifier (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, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 
Abraham, Rebecca, 13, 19 
Ahmed Raza, Shan E., 11 
Ai, Junting, 19 
Aksoy, Selim, 0K 
Alfonso, Sunny, 15 
Alilou, Mehdi, 0G 
Alom, Md. Zahangir, 1A 
Anand, Deepak, 0O 
Andrearczyk, Vincent, 0L, 0R 
ArabYarmohammadi, Sara, 04 
Aralica, Gorana, 09, 0A 
Arvidsson, Ida, 16 
Asari, Vijayan K., 1A 
Åström, Kalle, 16 
Atzori, Manfredo, 0L, 0R 
Aygüneş, Bulut, 0K 
Azarianpour, Sepideh, 0Q 
Baranova, Katherina, 05 
Beamer, Gillian, 0E 
Beig, Niha, 03 
Bera, Kaustav, 04, 0I, 0Q 
Berenhaut, Kenneth S., 08 
Bjartell, Anders, 16 
Border, Samuel, 14 
Braman, Nathaniel M., 04, 0Q 
Callico, Gustavo M., 0U, 0V 
Cecchini, Matthew, 05 
Chen, Amy Y., 0C 
Chen, Weijie, 17 
Cheng, Wei-Chung, 17 
Chin, J. L., 0H 
Cinbiş, Ramazan Gökberk, 0K 
Ciompi, Francesco, 0D 
Clark, Marcus R., 13, 19 
Corredor, Germán, 03, 0Q 
Dammak, Salma, 05 
Ding, Ruiwen, 03 
Dong, Wen, 07 
Dormer, James, 0W 
dos-Santos, Washington LC, 14 
Downes, M., 0H 
Doyle, Scott, 0S 
Durkee, Madeleine S., 13, 19 
Ehlers, Justis P., 1B 
Fabelo, Himar, 0U, 0V 
Fei, Baowei, 0C, 0U, 0V, 0W 
Ferguson, Bradie M., 13 
Firouznia, Marjan, 04 
Fraz, M. Moazam, 11 

Fu, Pingfu, 0Q 
Gadiya, Shrey, 0O 
Gertych, Arkadiusz, 0D 
Giger, Maryellen L., 13, 19 
Ginley, Brandon, 07, 0F, 0Y 
Glaser, Adam K., 0G 
Godtliebsen, Fred, 0V 
Govind, Darshana, 0P 
Grala, Bartlomiej, 0D 
Grunberg, Katrien, 0D 
Guerra, Raul, 0V 
Gurcan, Metin N., 06, 08, 0E 
Hach, Jenna, 1B 
Hadžija, Mirko, 09, 0A 
Halicek, Martin, 0C, 0U, 0V, 0W 
Han, W., 0H 
Harbhajanka, Aparna, 0I 
Hartman, Douglas J., 08 
Hebeda, Konnie M., 0B, 10 
Heyden, Anders, 16 
Jain, Sanjay, 0Y, 12 
Janowczyk, Andrew, 04, 0G 
Jen, Kuang-Yu, 07, 0P, 0Y, 14 
Jimenez-del-Toro, Oscar, 0L 
Khan, Amjad, 0L, 0R 
Khurram, Syed Ali, 11 
Kopriva, Ivica, 09, 0A 
Kösemehmetoğlu, Kemal, 0K 
Koyuncu, Can F., 0G 
Krzyzanowska, Agnieszka, 16 
Kwan, Keith, 05 
Lam, Samuel, 17 
Lan, Li, 13 
Le, Khoi, 03 
Lee, Cheryl, 06 
Lejeune, Marylene, 0U, 0V 
Leo, Patrick, 03, 04, 0G, 0I, 0Q 
Li, Haojia, 04 
Li, Henry, 1B 
Li, Hui, 13 
Li, Weizhe, 17 
Liarski, Vladimir M., 19 
Litjens, Geert, 0B, 10 
Little, James V., 0C 
Liu, Jonathan T. C., 0G 
Looijen-Salamon, Monika, 0D 
Lopez, Carlos, 0U, 0V 
Lu, Cheng, 03, 0G 
Lu, Yao, 0X 

vii

Proc. of SPIE Vol. 11320  1132001-7



Lutnick, Brendon, 07, 0F 
Ma, Guowei, 0X 
Ma, Ling, 0W 
Madabhushi, Anant, 03, 04, 0G, 0I, 0Q 
Mahdi, Haider, 0Q 
Mahmood, Hanya, 11 
Maraszek, Kathryn E., 18 
Marginean, Felicia-Elena, 16 
Markiewicz, Tomasz, 0D 
Mavuduru, Amol, 0C 
Metheny, Leland, 04 
Meyerson, Howard, 04 
Michael, Claire W., 0I 
Mohammad, Imtiaz, 12, 18 
Monabbati, Shayan, 0I 
Moncayo, Ricardo, 15 
Moore, Katherine, 08 
Müller, Henning, 0L, 0R 
Murali, Leema Krishna, 0F 
Myers, Larry L., 0C 
Nadarajan, Gouthamrajan, 0S 
Nasrin, Shamima, 1A 
Nezami, Behtash G., 04, 0I 
Niazi, Muhammad Khalid Khan, 06, 08, 0E 
Nurzynska, Karolina, 0D 
Önder, Sevgen, 0K 
Ortega, Samuel, 0U, 0V 
Otálora, Sebastian, 0L, 0R 
Overgaard, Niels Christian, 16 
Pačić, Arijana, 09, 0A 
Palma, David, 05 
Pantanowitz, Liron, 08 
Parra, Carlos A., 15 
Parwani, Anil, 06 
Pautler, S. E., 0H 
Pinckaers, Hans, 0B 
Popović Hadžija, Marijana, 09, 0A 
Prasanna, Prateek, 03 
Rajpoot, Nasir M., 11 
Reder, Nicholas P., 0G 
Reese, Jamie, 1B 
Rimm, David, 03 
Romero, Eduardo, 15 
Rosenberg, Avi, 0Y 
Rossi, Giovanni Maria, 0Y 
Saad Bashir, R. M., 11 
Sánchez, Angel Y., 15 
Santo, Briana A., 12, 18 
Sarder, Pinaki, 07, 0F, 0P, 0Y, 12, 14, 18 
Schalper, Kurt, 03 
Segal, Brahm H., 12 
Sethi, Amit, 0O 
Shaban, Muhammad, 11 
Shahedi, Maysam, 0C 
Sibley, Adam, 19 
Simoulis, Athanasios, 16 
Sitnik, Dario, 09, 0A 
Srivastava, Sunil K., 1B 
Swiderska-Chadaj, Zaneta, 0D, 10 
Taha, Tarek M., 1A 

Tavolara, Thomas E., 0E 
Tomaszewski, John E., 0F, 12, 14, 18 
Üner, Ayşegül, 0K 
van den Brand, Michiel, 10 
van der Kwast, T. H., 0H 
van der Woude, Lieke, 0D 
van Eekelen, Leander, 0B 
Vasanji, Amit, 1B 
Velcheti, Vamsidhar, 03 
Velu, Priya, 03 
Visser, Michelle B., 12 
Walts, Ann E., 0D 
Wang, Jinlong, 0X 
Ward, Aaron D., 05, 0H 
Whitney, Jon, 1B 
Worral, Amber M., 12, 18 
Wu, Leilei, 0X 
Xu, Jun, 04 
Yacoub, Rabi, 18 
Yazgan, Enes, 06 
Zhang, Zelin, 04 
Zhou, Ximing, 0W 
Zhou, Yuanpin, 0X 
Ziaei, Dorsa, 17 
 

viii

Proc. of SPIE Vol. 11320  1132001-8



Conference Committee 
 
 
Symposium Chairs 

Georgia D. Tourassi, Oak Ridge National Laboratory (United States) 
Metin N. Gurcan, Wake Forest Baptist Medical Center (United States) 

 

Conference Chairs 

John E. Tomaszewski, University at Buffalo (United States) 
Aaron D. Ward, The University of Western Ontario (Canada) 

 

Conference Program Committee 

Selim Aksoy, Bilkent University (Turkey) 
Ulysses J. Balis, University of Michigan Health System (United States) 
Rohit Bhargava, University of Illinois at Urbana-Champaign  

(United States) 
Ulf-Dietrich Braumann, Hochschule für Technik, Wirtschaft und Kultur 

Leipzig (Germany) 
Weijie Chen, U.S. Food and Drug Administration (United States) 
Wei-Chung Cheng, U.S. Food and Drug Administration (United States) 
Eric Cosatto, NEC Lab America, Laboratories Inc. (United States) 
Scott Doyle, Rutgers, The State University of New Jersey  

(United States) 
Michael D. Feldman, The University of Pennsylvania Health System 

(United States) 
David J. Foran, Rutgers Cancer Institute of New Jersey (United States) 
Marios A. Gavrielides, U.S. Food and Drug Administration  

(United States) 
April Khademi, Ryerson University (Canada) 
Tom R. L. Kimpe, Barco N.V. (Belgium) 
Elizabeth A. Krupinski, Emory University School of Medicine  

(United States) 
Richard M. Levenson, University of California, Davis (United States) 
Olivier Lezoray, Université de Caen Basse-Normandie (France) 
Geert Litjens, Radboud University Medical Center (Netherlands) 
Anant Madabhushi, Case Western Reserve University (United States) 
Derek R. Magee, University of Leeds (United Kingdom) 
Anne L. Martel, Sunnybrook Research Institute (Canada) 
Erik Meijering, The University of New South Wales (Australia) 
James P. Monaco, Inspirata, Inc. (United States) 
Mehdi Moradi, IBM Research (United States) 
Bahram Parvin, Lawrence Berkeley National Laboratory  

(United States) 

ix

Proc. of SPIE Vol. 11320  1132001-9



Josien P. W. Pluim, Image Sciences Institute (Netherlands) 
Nasir M. Rajpoot, The University of Warwick (United Kingdom) 
Gustavo Kunde Rohde, Carnegie Mellon University (United States) 
Berkman Sahiner, U.S. Food and Drug Administration (United States) 
Chukka Srinivas, Ventana Medical Systems, Inc. (United States) 
Darren Treanor, University of Leeds (United Kingdom) 
Jeroen van der Laak, Radboud University Nijmegen Medical Center 

(Netherlands) 
Martin J. Yaffe, Sunnybrook Research Institute (Canada) 
Bülent Yener, Rensselaer Polytechnic Institute (United States) 

 

Session Chairs 

1      Keynote and Computer-Aided Diagnosis, Prognosis, and Predictive 
Analysis 
John E. Tomaszewski, University at Buffalo (United States) 
Aaron D. Ward, Western University (Canada) 

 
2      Computer-Aided Diagnosis, Prognosis, and Predictive Analysis 

Selim Aksoy, Bilkent University (Turkey) 
 

3      Segmentation of Cellular and Tissue Structures 
Scott Doyle, University at Buffalo (United States) 

 
4      Grading and Classification of Pathology Images 

Metin N. Gurcan, Wake Forest Baptist Medical Center (United States) 
 

5      Integration of Multimodal and Spatial Information 
Pinaki Sarder, University at Buffalo (United States) 

 
6      Multispectral Imaging, Computational Microscopy and Staining 

Bradley Brimhall, The University of Texas Health Science Center at San 
Antonio (United States) 

 
 

 

x

Proc. of SPIE Vol. 11320  1132001-10



2020 Medical Imaging Award Recipients 
 
Robert F. Wagner Best Student Paper Award                                                    
Robert F. Wagner was an active scientist in the SPIE Medical 
Imaging meeting, starting with the first meeting in 1972 and 
continuing throughout his career. He ensured that the BRH, 
and subsequently the CDRH, was a sponsor for the early and 
subsequent Medical Imaging meetings, helping to launch and 
ensure the historical success of the meeting. The Robert F. 
Wagner All-Conference Best Student Paper Award 
(established 2014) is acknowledgment of his many important 
contributions to the Medical Imaging meeting and his many 
important advances to the field of medical imaging. 
 
This award is co-sponsored by:  

  The Medical Image Perception Society    
 
2020 Recipients:  
 
First Place: Multi-body registration for fracture reduction in orthopaedic trauma surgery  
(11315-14)  
R. Han, A. Uneri, P. Wu, R. Vijayan, P. Vagdargi, M. Ketcha, N. Sheth, Johns Hopkins 
University (United States), S. Vogt, G. Kleinszig, Siemens Healthineers (Germany) G. M. 
Osgood, John Hopkins Hospital (United States), J. H. Siewerdsen, John Hopkins 
University (United States) 
 
 
Second Place: Phase contrast CT enabled three-material decomposition in spectral CT 
imaging (11312-47) 
Xu Ji, Ran Zhang, Ke Li, Guang-Hong Chen, University of Wisconsin School of Medicine 
and Public Health (United States) 

 
 
 

xi

Proc. of SPIE Vol. 11320  1132001-11



Proc. of SPIE Vol. 11320  1132001-12


