
PROGRESS IN BIOMEDICAL OPTICS AND IMAGING 
Vol. 24 No. 56 

 
 
 
 

Volume 12471 
 
 

Proceedings of SPIE, 1605-7422, V. 12471 
SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Medical Imaging 2023 
  

Digital and Computational 
Pathology 
 
 
 
John E. Tomaszewski 
Aaron D. Ward 
Editors   

 
 
19–23 February 2023 
San Diego, California, United States 
 
 
Sponsored by 
SPIE 
 
Cooperating Organizations 
American Association of Physicists in Medicine (United States) 
Radiological Society of North America 
World Molecular Imaging Society  
Society for Imaging Informatics in Medicine (United States) 
International Foundation for Computer Assisted Radiology and Surgery  
Medical Image Perception Society (United States) 
 
Published by 
SPIE 
                                       
 

Medical Imaging 2023: Digital and Computational Pathology, edited by John E. Tomaszewski,
Aaron D. Ward, Proc. of SPIE Vol. 12471, 1247101 · © 2023 SPIE

1605-7422 · doi: 10.1117/12.2682186

Proc. of SPIE Vol. 12471  1247101-1



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 2023: Digital and Computational Pathology, edited by 
John E. Tomaszewski, Aaron D. Ward, Proc. of SPIE 12471, Seven-digit Article CID Number 
(DD/MM/YYYY); (DOI URL). 
 
ISSN: 1605-7422 
ISSN: 2410-9045 (electronic) 
 
ISBN: 9781510660472 
ISBN: 9781510660489 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2023 Society of Photo-Optical Instrumentation Engineers (SPIE). 
 
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 fees. To obtain permission to use and share articles in this volume, visit 
Copyright Clearance Center 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. 
 
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: A unique citation identifier (CID) number is assigned to each article in the 
Proceedings of SPIE 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. 12471  1247101-2



  Contents 
 
  ix Conference Committee 
  

 SESSION 1  AUTOMATED QUANTIFICATION OF TISSUE BIOMARKERS 
     
  12471 02  Self-supervised deep learning to predict molecular markers from routine histopathology slides 

for high-grade glioma tumors [12471-1] 
     
  12471 03  Integrating color deconvolution thresholding and weakly supervised learning for automated 

segmentation of neurofibrillary tangle and neuropil threads [12471-2] 
     
  12471 04  Deep learning to predict the proportion of positive cells in CMYC-stained tissue microarrays of 

diffuse large B-cell lymphoma [12471-3] 
     
  12471 05  Single-cell gene expression prediction using H&E images based on spatial transcriptomics 

[12471-4] 
     
     

 SESSION 2  MULTI-STAIN, MULTIPLEXED, AND MULTISPECTRAL IMAGING AND ANALYSIS I 
     
  12471 06  Identification of molecular cell type of breast cancer on digital histopathology images using 

deep learning and multiplexed fluorescence imaging [12471-5] 
     
  12471 07  A video transformer network for thyroid cancer detection on hyperspectral histologic images 

[12471-6] 
     
  12471 08  A transformer-based computational approach for H&E to multiplexed immunohistochemistry 

stain translation [12471-7] 
     
  12471 09  Extended depth of field imaging for mosaic hyperspectral images [12471-8] 

     
     

 SESSION 3  MULTI-STAIN, MULTIPLEXED, AND MULTISPECTRAL IMAGING AND ANALYSIS II 
     
  12471 0B  Topological-preserving membrane skeleton segmentation in multiplex immunofluorescence 

imaging [12471-10] 
     
  12471 0C  Interpretable graph convolutional network enables triple negative breast cancer detection in 

imaging mass cytometry [12471-11] 
     
  12471 0D  Generation of RGB EVG stained image from hyperspectral H&E stained image using generative 

adversarial network (GAN) [12471-12] 
     

iii

Proc. of SPIE Vol. 12471  1247101-3



  12471 0E  Semi-supervised contrastive learning for white blood cell segmentation from label-free 
quantitative phase imaging [12471-13] 

     
  12471 0F  An end-to-end pipeline for 3D slide-wise multi-stain renal pathology registration [12471-14] 

     
  12471 0G  Improving quantification of renal fibrosis using deep-DUET [12471-15] 

     
     

 SESSION 4  GRADING AND CLASSIFICATION OF PATHOLOGY IMAGES I 
     
  12471 0H  Biopsy and surgical specimen specific deep learning models for prostate cancer detection  

on digitized pathology images [12471-16] 
     
  12471 0I  Analysing hyperplasia in Atlantic salmon gills using empirical wavelets [12471-17] 

     
  12471 0J  Quintet margin loss for an improved knowledge distillation in histopathology image analysis 

[12471-20] 
     
  12471 0K  Spatially aware transformer networks for contextual prediction of diabetic nephropathy 

progression from whole slide images [12471-19] 
     
     

 SESSION 5  GRADING AND CLASSIFICATION OF PATHOLOGY IMAGES II 
     
  12471 0L  Ki67 proliferation index quantification using silver standard masks [12471-21] 

     
  12471 0M  The effects of sparsity induction methods on attention-based multiple instance learning applied 

to Camelyon16 [12471-22] 
     
  12471 0N  On the benefits of region of interest detection for whole slide image classification [12471-23] 

     
  12471 0O  Background detection affects downstream classification of Camelyon16 whole slide images 

[12471-24] 
     
     

 SESSION 6  SEGMENTATION OF CELLULAR AND TISSUE STRUCTURES 
     
  12471 0P  Generating simulated fluorescence images for enhancing proteins from optical microscopy 

images of cells using massive-training artificial neural networks [12471-28] 
     
  12471 0Q  An accelerated pipeline for multi-label renal pathology image segmentation at the whole slide 

image level [12471-29] 
     
  12471 0R  MIMO U-Net: efficient cell segmentation and counting in microscopy image sequences  

[12471-30] 
     
     

iv

Proc. of SPIE Vol. 12471  1247101-4



   WEDNESDAY MORNING KEYNOTES 
     
  12471 0S  Translating computational innovations into reality: focus on the users! (Keynote Paper)  

[12471-507] 
     
     

 SESSION 7  COMPUTER-AIDED DIAGNOSIS, PROGNOSIS AND PREDICTIVE ANALYSIS I 
     
  12471 0T  Weakly supervised deep learning for predicting the response to hormonal treatment of women 

with atypical endometrial hyperplasia: a feasibility study [12471-31] 
     
  12471 0U  Spatial connectivity of tumor and associated cells (SpaCell): a novel computational pathology 

biomarker [12471-32] 
     
  12471 0V  Transformer as a spatially-aware multi-instance learning framework to predict the risk of death 

for early-stage non-small cell lung cancer [12471-33] 
     
  12471 0W  Spatial uncertainty aggregation for false negatives detection in breast cancer metastases 

segmentation [12471-34] 
     
     

 SESSION 8  COMPUTER-AIDED DIAGNOSIS, PROGNOSIS AND PREDICTIVE ANALYSIS II 
     
  12471 0X  A novel H&E color augmentation for domain invariance classification of unannotated 

histopathology prostate cancer images [12471-35] 
     
  12471 0Y  Ink removal in whole slide images using hallucinated data [12471-36] 

     
  12471 0Z  Predicting cell type counts in whole slide histology images using evidential multi-task learning 

[12471-37] 
     
  12471 10  Efficient subtyping of ovarian cancer histopathology whole slide images using active sampling 

in multiple instance learning [12471-38] 
     
  12471 11  Deep learning combined with ball scale transform for circulating tumor cell enumeration in 

digital pathology [12471-39] 
     
     

 SESSION 9  MEDICAL APPLICATIONS 
     
  12471 12  Combining multiple ground truth annotations for segmentation training for oral cavity cancer 

[12471-41] 
     
  12471 13  Minimizing the intra-pathologist disagreement for tumor bud detection on H&E images using 

weakly supervised learning [12471-42] 
     
  12471 14  A pathomic study for risk stratification and unraveling molecular associations of different 

histologic subtypes of papillary thyroid cancer [12471-43] 
     

v

Proc. of SPIE Vol. 12471  1247101-5



  12471 15  Multi-scale contrastive learning with attention for histopathology image classification  
[12471-44] 

     
  12471 16  Predicting Crohn’s disease severity in the colon using mixed cell nucleus density from pseudo 

labels [12471-45] 
     
     

 SESSION 10  FROM CELL DETECTION TO WHOLE-SLIDE IMAGING 
     
  12471 17  Deep learning-based rapid macrophage cell detection and localization in high-content 

microscopy screening [12471-46] 
     
  12471 18  PythoStitcher: an iterative approach for stitching digitized tissue fragments into full resolution 

whole-mount reconstructions [12471-47] 
     
  12471 19  Investigating the potential of untrained convolutional layers and pruning in computational 

pathology [12471-48] 
     
  12471 1A  YOLOX-based framework for nuclei detection on whole-slide histopathological RGB and 

hyperspectral images [12471-49] 
     
     

   POSTER SESSION 
     
  12471 1B  Digital pathology whole slide image compression with vector quantized variational 

autoencoders [12471-50] 
     
  12471 1C  Deep modality association learning using histopathology images and immune cell sequencing 

data [12471-51] 
     
  12471 1D  Conditional generative adversarial network (cGAN) for synthesis of digital histologic images 

from hyperspectral images [12471-52] 
     
  12471 1E  Simple patch-wise transformations serve as a mechanism for slide-level augmentation for 

multiple instance learning applications [12471-53] 
     
  12471 1F  Integrated image-processing and transcriptomic analysis of cancer-associated fibroblasts 

(CAFs) in breast cancer subtypes (Cum Laude Poster Award) [12471-54] 
     
  12471 1G  Automated identification of cardiomyocyte nuclei in H&E-stained heart tissue with CycleGAN 

[12471-55] 
     
  12471 1H  Effect of color-normalization on deep learning segmentation models for tumor-infiltrating 

lymphocytes scoring using breast cancer histopathology images [12471-56] 
     
  12471 1I  Automated glioma multiclass tumor classification [12471-57] 

     
  12471 1J  Role of stain normalization in computational pathology: use case in metastatic tissue 

classification [12471-58] 
     

vi

Proc. of SPIE Vol. 12471  1247101-6



  12471 1K  Cell2Voxel: a novel, cell-based 3D tissue model from 2D multiplex tissue scans [12471-59] 

     
  12471 1L  Space-filling curves for modeling spatial context in transformer-based whole slide image 

classification [12471-60] 
     
  12471 1M  A comparison of histopathology imaging comprehension algorithms based on multiple 

instance learning [12471-61] 
     
  12471 1N  Multi-scale local explanation approach for image analysis using model-agnostic Explainable 

Artificial Intelligence (XAI) [12471-62] 
     
  12471 1O  Fast detection and localization of mitosis using a semi-supervised deep representation  

[12471-63] 
     
  12471 1P  Deep learning segmentation of invasive melanoma [12471-64] 

     
  12471 1Q  Generative modeling of histology tissue reduces human annotation effort for segmentation 

model development [12471-65] 
     
  12471 1R  Automated reference kidney histomorphometry using a panoptic segmentation neural 

network correlates to patient demographics and creatinine [12471-66] 
     
  12471 1S  Efficient 3D reconstruction of whole slide images in melanoma [12471-67] 

     
  12471 1T  A meta-graph approach for analyzing whole slide histopathological images of human brain 

tissue with Alzheimer's disease biomarkers [12471-68] 
     
  12471 1V  Deep-supervised adversarial learning-based classification for digital histologic images  

[12471-70] 
     
     

   DIGITAL POSTER SESSION 
     
  12471 1W  Enhanced pooling-convolution for pathological image multi-class segmentation [12471-25] 

     
  12471 1X  Category feature reconstruction for pathological image segmentation [12471-26] 

     
  12471 1Y  Accurate segmentation of nuclear instances using a double-stage neural network [12471-27] 

     
  12471 1Z  An ensemble approach for histopathological classification of vulvar cancer [12471-40] 

     
     

 

vii

Proc. of SPIE Vol. 12471  1247101-7



Proc. of SPIE Vol. 12471  1247101-8



Conference Committee 
 
 
Symposium Chairs 

Robert M. Nishikawa, University of Pittsburgh (United States) 
Despina Kontos, Penn Medicine (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, Institut für Angewandte Informatik e.V. 

(Germany) 
Bradley Brimhall, The University of Texas Health Science Center at  

San Antonio (United States) 
Matthew J. Cecchini, London Health Sciences Center (Canada) 
Keith C. Cheng, Penn State College of Medicine (United States) 
Wei-Chung Cheng, United States Food and Drug Administration 

(United States) 
Eric Cosatto, NEC Laboratories America, Inc. (United States) 
Scott Doyle, Rutgers, The State University of New Jersey  

(United States) 
Alton B. Farris, Emory University (United States) 
Michael D. Feldman, The University of Pennsylvania Health System 

(United States) 
Marios A. Gavrielides, AstraZeneca Pharmaceuticals LP  

(United States) 
April Khademi, Toronto Metropolitan University (Canada) 
Elizabeth A. Krupinski, Emory University School of Medicine  

(United States) 
Tom R. L. Kimpe, Barco N.V. (Belgium) 
Richard M. Levenson, University of California, Davis (United States) 
Olivier Lezoray, Université de Caen Basse-Normandie (France) 
Geert Litjens, Radboud Universitair Medisch Centrum (Netherlands) 
Anant Madabhushi, Emory University School of Medicine  

(United States) 
Derek R. Magee, University of Leeds (United Kingdom) 
Erik Meijering, The University of New South Wales (Australia) 

ix

Proc. of SPIE Vol. 12471  1247101-9



James P. Monaco, Inspirata, Inc. (United States) 
Mehdi Moradi, IBM Research (United States) 
Bahram Parvin, Lawrence Berkeley National Laboratory  

(United States) 
Nasir M. Rajpoot, The University of Warwick (United Kingdom) 
Berkman Sahiner, United States Food and Drug Administration  

(United States) 
Pinaki Sarder, University of Florida College of Medicine (United States) 
Chukka Srinivas, Amazon Lab126 (United States) 
Darren Treanor, University of Leeds (United Kingdom) 
Jeroen van der Laak, Radboud Universitair Medisch Centrum 

(Netherlands) 
Mitko Veta, Technische Universiteit Eindhoven (Netherlands) 
Martin J. Yaffe, Sunnybrook Research Institute (Canada) 
Bülent Yener, Rensselaer Polytechnic Institute (United States) 

 

 

x

Proc. of SPIE Vol. 12471  1247101-10


