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Poster Title Deep learning-based histological scoring of lung fibrosis and inflammation in the mouse 
model system 

Abstract Preclinical studies of novel compounds rely on quantitative readouts from animal models. 
Several of these readouts are histopathological scores generated by an expert pathologist 
who assesses tissue under the microscope (e.g. the degree of fibrosis according to a 
scoring scheme). For high throughput tasks, this is very time consuming, and subject to 
inherent variability (inter- and intra-observer). Convolutional neural networks (CNNs) now 
allow automating such scoring tasks. Here, we demonstrate this for the case of the Ashcroft 
fibrosis score and a newly developed inflammation score, which help characterizing models 
of lung disease. 
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Poster Title Deep learning models for classification of normal histological images 

Abstract In the past, several studies utilized deep learning models on histological images of specific 
tissue types with defined pathologies for the diagnosis and/or prognosis of diseases. The 
aim of this study was to establish deep learning models of the entire set of normal tissues 
from different species as a foundation for future models of histopathology. 1,495 slides 
(representing 46 tissue types), scanned at 40x magnification (~0.25 microns per pixel, 
mpp), classified by pathologists, from the control arms of preclinical studies in rats were 
used to generate training, validation, and test data sets. Three different deep learning 
architectures (VGG-16, ResNet-50, and InceptionNet V3) were tested on 1.5 million 
patches (224x224 pixels) generated at various levels of resolution (downsampling) (0.25, 
0.50, 1.01, 2.02, 4.03, and 8.06 mpp). A separate neural network (pre-trained on ImageNet) 
was trained for each downsampling level. Among the three architectures, ResNet-50 had 
the highest predictive performance on the validation dataset. The ResNet-50 performance 
on the validation dataset ranged from 78.4% at 0.25 mpp to 93.4% at 8.064 mpp. A 
consistent trend for higher predictive performance was noted with increasing downsampling 
factor. High morphological similarities or insufficient tissue context on the patch level were 
the common reasons for tissue confusions. UMAP (Uniform Manifold Approximation and 
Projection) was used to analyze the embedding layer, which revealed clusters of patches 
representing each tissue type. Furthermore, specific biological context (e.g. vaginal 
epithelium at different stages of estrus cycle) and quality control of tissues [e.g. 
presence/absence of organ substructures (adrenal medulla, brain cerebellum) and tissue 
artefact detection] could be inferred using UMAP. Together, we propose that deep learning 
models for detection of normal histology tissues can be extrapolated to other applications 
such as histopathology and automated whole-slide (pre-) annotation workflows. 
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Poster Title Kidney Medicine in the Digital Age: Single-Cell Sequencing and Artificial Intelligence 

Abstract In recent years kidney medicine has faced stagnation, as can be seen by declining 
recruitment numbers and a lack of progress in cell and disease classification via traditional 
methods. Following the success of digitization in several other medical specialties, the 
addition of new methods involving single-cell RNA sequencing (scRNA-seq), digital 
pathology, and artificial intelligence will provide nephrology and renal pathology with the 
breakthrough it needs to improve its image and further our understanding of its disease 
processes. 
 
To create this renaissance it is crucial to collect data at a cellular (and sub-cellular) level to 
better organize and reinterpret the kidney lesions and reconfigure disease classifications 
that have undergone only minor revisions over the past decades. It all starts with making all 
data digital. 
 
Large-scale data collection from these upcoming technologies requires powerful data 
mining algorithms to decipher trends and reach conclusions. The inclusion of machine 
learning and artificial intelligence (AI) in clinical research is promoted by the increased use 
of digital pathology methods (such as whole slide imaging) and electronic medical records. 
By collecting and consolidating massive amounts of clinical data, AI can assemble a 
powerful diagnostic and eventually therapeutic tool—such a tool is already being clinically 
tested in various specialties. 
 
The digitization of healthcare holds great promise for kidney medicine especially, as the 
field needs to realign itself towards a more modern and biology-based (rather than 
consensus-based) classification system. Based on scRNA-seq results in analogous 
systems, we predict that the number of kidney cell subtypes will double from 26 to 52; this 
dramatic increase in number of identified cell types is expected in every organ system this 
single cell transcriptomics technology is applied to. Doubling the number of cell types will 
dramatically change every story we tell about the way the kidney works in health and 
disease. 
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Poster Title Deep learning based on standard H&E images of primary melanoma tumors identifies 
patients at risk for visceral recurrence and death 

Abstract There is an urgent need to define prognostic biomarkers in early stage melanoma because, 
while there exist effective adjuvant therapies to prevent recurrence and death, they incur 
significant toxicity and cost. Developing a biomarker for disease specific survival (DSS) in 
early stage melanoma will help with accurate selection of patients for adjuvant 
immunotherapy and accelerate clinical trial design. 
 
We present a pathology-based computational method using a deep neural network (DNN) 
architecture for DSS prediction. 
 
The DNN architecture consists of H&E image input to a convolutional neural network 
(CNN), with CNN output is processed by a recurrent neural network (RNN). Additionally, 
from H&E images we generated cell location, density, and clustering features based on 
QuPath open source software’s nuclear segmentation and cell classification. The features 
were used to selectively sample informative tissue areas during training of network 
parameters. The sampling allows the DNN to analyze image and feature information locally, 
generating a prediction vote per regional sequence. The final recurrence prediction results 
from votes averaged across the entire H&E image. 
 
The model was trained on 108 patients from four institutions and tested on 104 patients 
from Yale University School of Medicine (YUSM). A ROC curve was generated from vote 
aggregation of individual image sequences, and used to select an optimized cut-off. With 
the optimized cut-off, the model was tested on a third independent population of 51 patients 
from Geisinger Health Systems (GHS). 
 
Area under the ROC curve (AUC) in the YUSM patients was 0.905 (p<0.0001). AUC in the 
GHS patients was 0.880 (p<0.0001). Using the cut-off selected in the YUSM cohort, the 
computational model predicted DSS in the GHS cohort based on Kaplan-Meier (KM) 
analysis 
(p<0.0001). 
 
The novel method presented is applicable to digital images, obviating the need for sample 
shipment and manipulation and representing a practical advance over current genetic and 
IHC-based methods. 
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Poster Title Standardization and quantification of desmoplastic stroma in prostate 
adenocarcinoma using image processing and deep learning methods. 

Abstract Cancer associated with a reactive stroma is typically diagnostic of poor prognosis, 
but still, standardization and quantification of desmoplasia remain challenging with 
many described methods being difficult to reproduce. 
 
The rapid development of digital pathology and image analysis freeware as ImageJ 
had a major impact on the standardization of methodology, but there still might be a 
bias in the results due to the human factor. A potential solution is expansively 
spreading artificial intelligence models (AI). The goal of the presentation is to show 
the importance of systematic methodology and introduce the main possibilities 
of image analysis and AI, basing on quantification of stromal desmoplastic changes 
in prostate adenocarcinoma using classical and new stromal markers. 
Google’s Tensorflow model and open source image processing libraries were 
combined to develop a simple software for digital slide imaging and objective 
quantification of staining on the histological sample. 
 
The model was trained to distinguish between stroma and glands using prostate 
triple stain (p63 + CK HMW + P504S) and Hem&Eosin slides. The trained model 
was tested using classical stromal markers, like SMA, VIM and Massonˇs trichrome. 
The model was also tested with newer markers as Versican, Decorin, and FANC. 
Automated image processing algorithm was applied to quantify staining values in the 
desmoplastic stroma and correlate with Gleason grade. 
 
The trained model successfully separated stroma from glands and quantified the 
desmoplastic changes in prostate adenocarcinoma with minimal human intervention, 
showing a statistically significant change of staining intensity depending on Gleason 
grade. Developed software and samples are open-source available and represent a 
simple and universal way to quantify desmoplasia. 
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Poster Title Using transfer learning on whole slide images to predict tumour mutational burden in 
bladder cancer patients 

Abstract The tumour mutational burden (TMB) is a genomic biomarker, which can help in identifying 
patients most likely to benefit from immunotherapy across a wide range of tumour types 
including bladder cancer. DNA sequencing, such as whole exome sequencing (WES) is 
typically used to determine the number of acquired mutations in the tumour. However, WES 
is expensive, time consuming and not applicable to all patients, and hence it is difficult to be 
incorporated into clinical practice. This study investigates the feasibility of predicting TMB for 
bladder cancer patients by using histological image features. 
 
We design an automated whole slide image analysis pipeline that predicts bladder cancer 
patient TMB via histological features extracted by using transfer learning on deep 
convolutional networks. The designed pipeline is evaluated to publicly available large 
histopathology image dataset for a cohort of 253 patients with bladder cancer obtained from 
The Cancer Genome Atlas (TCGA) project. Experimental results show that our pipeline 
provides over 73% classification accuracy, and an area under the receiver operating 
characteristic curve of 0.75 in distinguishing low and high TMB patients. In addition, it is found 
that the predicted low and high TMB patients have statistically different survivals, with the log 
rank test p value of 0.047. Our results suggest that bladder cancer patient TMB is predictable 
by using histological image features derived from digitized H&E slides. Our method is 
extensible to histopathology images of other organs for predicting patient clinical outcomes. 
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Poster Title Probing intra- and inter-tumor variability in image analysis quantification of immune cell 
infiltration: Implications for preclinical immuno-oncology studies  

Abstract Digital image analysis (DIA) of immunohistochemistry (IHC) assays is routinely performed 
to quantify immune cell infiltration in the tumor microenvironment for immuno-oncology (IO) 
projects. A high degree of animal-to-animal (inter-animal) variation is frequently observed 
for DIA estimates of immune cell density within treatment groups. This has implications for 
study design (particularly for determining the minimum number of animals to include in 
each treatment group to achieve statistically meaningful results from IHC analyses) and 
impacts the interpretation of results. We hypothesized that sources of variance in IHC could 
be attributed to either inter-animal variability, intra-animal variability, or to IHC assay 
reproducibility.  
 
To test our hypotheses, we performed a pilot study using CT26 tumors upon which IHC had 
been performed for nine commonly-used immune antigens. Multiple DIA endpoints were 
calculated using two different CT26 tumor blocks: 1) assay reproducibility was assessed by 
analyzing IHC results from 15 adjacent serial sections for each immune cell target, 2) intra-
animal variability was determined from 10 step sections (100 microns/step) for select 
immune cell antigens, and 3) inter-animal variability was assessed by comparing DIA 
results from the two different CT26 tumor blocks. Our analysis shows that inter-animal 
variability is the dominant source of variation for the immune cell markers that were 
evaluated in the CT26 tumor model. We also present a power analysis using retrospective 
IHC-DIA data for the same antigens to investigate how group size (# animals/group) and 
coefficient of variance (CV) independently affect the predictive power for detecting a 
statistically meaningful fold-change in immune cell density among groups.  
 
Our power analysis predicts the need for a minimum of eight animals per group to detect a 
2- to 2.5-fold change in T-cell density in the tumor. Further, the low level of intra-animal 
variability suggests that a single section from each tumor is sufficient to estimate immune 
cell infiltration in the entire specimen. Additional experiments are underway to evaluate 
additional tumor models. 
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Poster Title An automatic system to quantify the HER2 amplification in invasive breast cancer from 
CISH whole slide images 

Abstract Background 
HER2 gene amplification is seen in up to 20% of breast cancer. Quantification of the 
amplification status has prognostic and therapeutic significance. Fluorescent in situ 
hybridization (FISH) and chromogenic in situ hybridization (CISH) are the standard assays 
to determine the HER2 amplification status. CISH is based on the bright-field microscopy and 
assessed by counting at least 20 cancer nuclei manually according to the American Society 
of Clinical Oncology (ASCO)/College of American Pathologists (CAP) guidelines. However, 
manual counting is time prohibitive and laborious. We propose an automatic system to 
quantify the HER2 amplification from CISH whole slide images (WSI) using digital image 
analysis techniques.  
Methodology 
Breast pathologists annotated the invasive tumor areas on the CISH WSI at 40x (0.13 
um/pixel).  Then, the proposed method assessed the annotated regions to determine the 
amplification status. It detected un-truncated and non-overlapped singular nuclei using color 
unmixing and machine learning. The HER2 and CEP17 signals were detected based on the 
RGB intensity and hue of the HSV model. The signals were then counted for each nucleus 
where CEP17≥2. The proposed system followed the ASCO/CAP guidelines and quantified 
at least 20 nuclei with the highest differentiation values (HER2-CEP17). Finally, HER2 status 
was determined based on the HER2/CEP17 ratio as 

𝐻𝐸𝑅2 𝑆𝑡𝑎𝑡𝑢𝑠 = {
𝑎𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑑, 𝑖𝑓 𝑟𝑎𝑡𝑖𝑜 ≥ 2.0

𝑛𝑜𝑛 − 𝑎𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑑, 𝑖𝑓 𝑟𝑎𝑡𝑖𝑜 < 2.0
  (1) 

Additionally, another 20 nuclei were quantified if the ratio was ≥1.8 and 2.2. 
Results 
Patient specimens diagnosed with invasive breast carcinoma with prior 
immunohistochemistry (IHC) and FISH were randomly selected. Breast pathologists 
performed manual CISH assessment. Proposed system quantified 15 cases and the results 
were compared with manual CISH counting. The correlation coefficient was 0.97 between 
the CISH ratio which indicates the efficacy of the proposed system.   
Conclusions 
The proposed method has a high concordance with manual quantification. In the future, 
invasive cancer regions will be detected using deep learning to annotate regions 
automatically for the quantification. 
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Poster Title Deep Learning based detection of tumor tissue compartments improves prognostic 
immunoprofiling in muscle-invasive bladder cancer (MIBC) 

Abstract Background: In bladder cancer, novel Immuno-Oncology agents (anti PD-1/PD-L1) have 
demonstrated activity, but only in a subset of patients. The prognostic value of PD-L1 
expression appears to be limited, highlighting the need for more robust biomarkers. We 
studied the densities of PD-L1, CD3, CD8, FoxP3, PD-1 or CD68 positive cells in tumor 
epithelial (TE) and non-epithelial (NE) compartments and assessed their impact on survival. 
Methods: Two consecutive slides from 38 MIBC specimens (T stage 2/3) were stained with 
a brightfield immunohistochemistry assay. TE and NE were detected using a deep learning 
based semantic segmentation. A UNet [Ronneberger et al. 2015] like architecture with a 
ResNet50 [He et al. 2015] backbone was trained using manually annotated slides. In both 
compartments, marker positive cells were detected using heuristic image analysis 
algorithms. For each cell density, the optimal cutoff value for stratifying patients into long 
and short survivors was determined. Statistical significance was assessed using leave-one-
out cross-validation (LOOCV). The prognostic value of the densities was also evaluated 
using multivariate Cox regression including age, T stage, N stage, and adjuvant 
chemotherapy as covariates. The level of significance was set to 0.05. 
Results: We observed that high densities of marker positive cells were associated with 
improved survival. Comparison of LOOCV p values for TE, NE, and the whole tumor core 
(TE+NE) revealed a strong dependency on the analyzed compartment, with the best 
stratifier being the density of FoxP3 positive cells in NE (Table 1). Multivariate Cox 
regression using all cell marker densities in TE+NE as well as the covariates identified 
densities of CD3 and CD68 positive cells as independent prognostic factors. Multivariate 
stratification using these two densities provides significantly improved prognostication 
(p=1E-4) compared to the univariate analyses. 
Conclusion: Our study suggests that the prognostic value of the density of immune cells 
and targets of checkpoint inhibitors in the tumor core in MIBC highly depends on the 
analyzed compartment. The density of FoxP3 positive cells appears to be a robust 
prognostic factor across the different tumor compartments. 
 
Table 1: LOOCV p values for marker positive densities and different tumor compartments. 
 TE+NE TE NE 
CD3 0.001 n.s. n.s. 
CD8 0.002 n.s. 0.015 
FoxP3 0.003 0.032 3E-5 
PD-1 0.015 n.s. n.s. 
CD68 n.s. 0.003 n.s. 
PD-L1 0.035 0.036 - 
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Poster Title Automated adequacy determination for lymph node fine needle aspiration biopsies 

Abstract Background 
Fine needle aspiration biopsy (FNA) is a fast, minimally invasive, and inexpensive method 
for screening lymphadenopathy, which can be performed with or without imaging 
assistance. The diagnostic sensitivity of FNA biopsy for palpable lesions has been 
estimated at 93%, and the specificity at 100%. Reports regarding the adequacy of FNA for 
diagnosis of lymphadenopathy conflict, some reporting inadequacy resulting in delays in 
diagnosis. One factor limiting diagnostic utility of FNA is the quantity of tissue obtained. We 
sought to automate tissue quantity determination using computer vision techniques. 
Methods 
154 FNA biopsies performed at a single institution from 2010 to 2016 were imaged on two 
different imaging platforms. These slides encompassed hematoxylin and eosin stained 
tissue cores and blood clot sections collected by image guided and palpable FNA biopsy.  
Design 
The application was designed using the OpenCV package for Python to distinguish 
lymphoid tissue from background noise including red blood cells, and fibrin. An ordered 
filtering process was employed to automatically identify and measure tissue fragments. The 
output is provided as an annotated image and raw data file. 
Results 
The tissue area identified was concordant with manual measurement and across imaging 
platforms in a majority of cases. Those cases with discordant findings were cell-blocks 
composed predominantly of blood or fragmented specimens.  
Conclusions 
An automated method for tissue quantity determination has the potential to improve 
accuracy and efficiency of adequacy assessment for FNA. Additionally, these metrics can 
be used to determine the efficacy of different FNA approaches for diagnosis of 
lymphadenopathy and in different patient populations, which may help with triaging patients 
towards FNA verses surgical biopsy in appropriate cases. Further versions of this 
application will be developed to encompass different staining methodologies and tissue 
types to enhance its applicability at the bedside. 
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Poster Title Telepathology implementation: one-year experience of two Canadian heart institutes. 

Abstract Introduction. In Quebec (population 8,4 million), tertiary cardiac care is provided at Institut 
Universitaire de Cardiologie et de Pneumologie de Québec (IUCPQ) and Institut de 
Cardiologie de Montréal (ICM), situated 245 km away from one another. Because IUCPQ 
also provides tertiary care in pulmonology, five pathologists share the cardiovascular 
pathology workload whereas there is only one pathologist at ICM. This situation resulted in a 
stable service with short turnaround times at IUCPQ in contrast with service interruptions and 
longer turnaround times at ICM. In 2016, the two institutes and the Quebec Ministry of Health 
and Social Services (MSSS) decided to implement a telepathology system in which ICM 
pathology service would be assumed by IUCPQ. After two years of transition, 2018 was the 
first full year of this coverage using telepathology. 
 
Objectives. To map the diagnostic processes and technologies implemented and to 
determine the number of cases analyzed and turnaround times during the first full year of the 
telepathology coverage of ICM by IUCPQ. 
 
Methods. The list of standardized operating procedures, instruments and software 
implemented were reviewed. The volume of cases and turnaround time data for 2018 were 
extracted from the laboratory information system as prescribed by MSSS. 
 
Results. The salient procedures implemented were 1) the incorporation of telepathology in 
the pathologists’ duties, 2) the use of synoptic reports, including gross-only examination 
protocols, and 3) a collaboration with a local pathologist to perform autopsies for all organs 
except the heart. Gross examination was performed using a web-based software (ReactsTM, 
Montreal) and incorporating photographs in the pathology reports. Histologic examination 
was performed using a PannoramicTM slide scanner with the CaseViewerTM software 
(3DHISTECH, Budapest). In 2018, 197 biopsies, 1101 surgeries and 88 autopsies were 
examined. The MSSS turnaround time target of 80% was reached for all types of specimens: 
1,3 days on average for biopsies with 100% within 3 days; 10,2 days on average for surgeries 
with 97% within 15 days; and 44,7 days on average for autopsies with 100% within 60 days.  
 
Conclusion. Telepathology can be used satisfactorily to assume diagnostic services of a 
distant laboratory specialized in cardiovascular pathology. 
 
(word count: 348) 
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Poster Title The Eastern Quebec Telepathology Network: Outlook on 8 years of improving access to 
quality pathology services in remote regions 

Abstract The Eastern Quebec Telepathology Network was created in 2004 and implemented in 2011 
through public funding. It aims at providing access to diagnostic telepathology services to a 
scattered population of 1.73 million people dispersed over 452,000 km2, with the workforce 
of 56 pathologists.  
 
The main objective of this government-funded initiative is to provide full-coverage on a 
patient-centered mode, bringing pathology closer to communities where no pathology 
services are available. The major applications are intra-operative consultations, second 
opinion by experts, macroscopy supervision by technologists, teleneuropathology and 
teleautopsies. Twenty-four sites are covered by the Network, of which 7 hospitals have no 
pathology laboratory and 10 others only one or no pathologist on site. Each site is equipped 
with a Pathstand macroscopy station (SpotImagingSolution) running on the REACTS 
platform (Technologies innovatrices d’imagerie inc.), a Nanozoomer slide scanner 
(Hamamatsu) with loading capacities ranging from 6 to 200 slides and the mScope software 
(Aurora) to process and transfer digital slides to the remote center. 
 
Two recent studies confirmed the benefits of the Network on pathology services in the 
covered regions. First, it provided intra-operative diagnostic services to a hospital with no 
pathologist on site. Second, it allowed a surgeon to practice oncologic surgeries with 
procedures that fulfilled the standards of care, avoiding patient transfers and two-step 
surgeries. Third, it helped reducing the fear and insecurities related to an isolated practice 
for both pathologists and surgeons. Finally, it helped recruiting pathologists and surgeons in 
remote hospitals.  
 
Projects are underway to implement fully digitalized laboratories in larger cities of the 
Province of Quebec. The Eastern Quebec Telepathology Network, with its 8-year experience, 
is one of the largest telepathology networks in both Canada and the world. It paved the way 
to the use of telepathology for improving workflows and enabling access of isolated 
communities to pathologic services and surgical care. 
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Poster Title Implementation of Digital Pathology for Routine Practice: The Serbian Experience 

Abstract Introduction: 
Implementation of whole slide imaging (WSI) for routine practice has been accomplished in 
many pathology laboratories worldwide. Medicover Digital is the first digital platform in 
Eastern Europe that connects the three laboratories within this company. Laboratories are 
located in Poland, Romania and Serbia. We report the transition to an effective digital 
pathology workflow in the pathology laboratory at Beolab in Belgrade, Serbia. 
Methods: 
Histopathology glass slides were digitized at x40 using Philips Ultra Fast scanner. We 
scanned entire range of surgical pathology cases: biopsies and resections, including 
haematoxylin and eosin, immunohistochemistry, and special stains. Five senior 
pathologists daily used WSI in routine diagnostics and compared results with microscopic 
diagnostics. Digital images were accessed through  
laboratory system on either 15” laptops or desktop computers with 23” displays for remote 
or on-site digital reporting. 
Results: 
During 10 months, 3710 cases (about 10% of our routine work) with 28444 glass slides 
have been digitized. Scan fail rate was less than 1%, only in the cases of samples smaller 
than 1mm. Drying glass slides for two hours before scanning minimized them sticking to 
scanner racks. Most of the digitized cases were from pulmonary pathology (1215), 
hematopathology (1104), gastrointestinal pathology (609) and skin pathology (586). 
Conclusion: 
We conclude that WSI is equal to microscopy for primary diagnosis in surgical pathology, 
including biopsies and resections stained with haematoxylin and eosin, 
immunohistochemistry and special stains. We found that the use of WSI is faster and more 
precise in the diagnostics of bronchial biopsies and bone marrow biopsies. 

 
  



- 14 - 

Contributing Author(s) Martial Guillaud and Calum MacAulay 

Organisation British Columbia Research Centre 

Email Address mguillau@bccrc.ca 
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Abstract Recent advances in optics, multiplex immuno-staining, Hyperspectral Imaging and Artificial 
Intelligence algorithms are revolutionizing biology, medicine and pathology thanks to the 
adoption of Whole Slide Scanners (WSS) in clinical pathology settings. It is possible to 
interrogate spectrally multiple labeled molecules, with high resolution over entire biopsies. 
These novel technologies generate unprecedented amounts of data, requiring novel 
approaches and quantitative tools to extract pertinent biological information from these large 
and hierarchical data sets. 
 
Our HCS platform (Hyperspectral Cell Sociology) is based upon the power of hyperspectral 
imaging to identify specific cell types for cell sociology analysis, to develop, test and validate 
imaging biomarkers for the diagnosis, prognosis and management of cancers. This analysis 
pipeline uses spectral imaging and unmixing, image segmentation, Voronoi-based 
mathematical modeling, hierarchical data based feature extraction, deep learning algorithms 
and Monte-Carlo simulations, to quantify a tissue’s observable phenotype using a 
combination of cell/nuclear measures and measures of individual nuclei DNA chromatin 
structure. Tissue architecture and cell sociology principles are used to quantify the spatial 
relationships between different cell groups. 
 

Three applications will be presented: - Multi-scale Tissue Architecture Analysis of prostate 
cancer to predict biochemical recurrence using Feulgen stained biopsies, by combining 

measurements of the overall tissue organisation with the architecture within each gland. - 
Large-scale DNA organisation (LDO) to predict Breast cancer survival in 130 patients. We 
developed an LDO score, measure of nuclear DNA chromatin organization changes, that 
classified correctly 85% of cases. This LDO feature was the best prognostic marker in a multi-

regression cox model when combined with stage, grade, age, and nodal status. - Cell–cell 
spatial relationship to predict Lung Cancer recurrence. Using multicolour 
immunohistochemistry (IHC) stains for the quantification of cell-cell spatial relationships 
within the TME. Whole tissue sections from 20 lung adenocarcinomas with at least 5 years 
FU were stained for CD3, CD8, and CD79a and counterstained with haematoxylin. Cell 
counts, densities, spatial relationships, and significant immune cell distributions were 
associated with clinical features. The densities of intra- tumoural CD8+ cytotoxic T cells were 
significantly higher in non-recurrent cases. Similarly, cell sociology analysis identified 
relationships associated with metastasis. Following Monte Carlo analysis, non-random cell-
cell spatial proximities emerged that were not identified at a cell density level..  Our vision is 
to create a robust, methodological approach to facilitate the development and implementation 
of diagnostic, prognostic, and predictive imaging biomarkers for the future personalized 
medicine. 
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Poster Title Use of Ultivue InSituPlex® Multiplex Immunofluorescence to Localize and Quantify 
Regulatory T Lymphocytes in Crohn’s Disease and Ulcerative Colitis  

Abstract The inflammatory bowel diseases ulcerative colitis (UC) and Crohn’s disease (CD) are 
chronic, relapsing inflammatory disorders of the gastrointestinal tract (GIT) that affect 
millions of individuals worldwide. The pathogenesis of these disorders is thought to involve 
dysregulation of mucosal immune homeostasis in the GIT in response to environmental 
factors in genetically susceptible individuals. 
 
Regulatory T cells (Treg) are CD4+ T lymphocytes that play a central role in peripheral 
immune tolerance, actively inhibiting inflammation upon antigenic stimulation. There are 
two major populations of Treg: conventional Treg and TR1 cells. Conventional Treg arise 
from the thymus (tTreg) or can be induced in the periphery (pTreg); both tTreg and pTreg 
constitutively express FoxP3 and CD25 (IL-2Rα).  
 
An imbalance in conventional Treg and effector T cells in the GIT microenvironment is 
thought to play a part in the pathogenesis of inflammatory bowel disease (IBD). Thus, we 
sought to quantify conventional Treg and CTL populations in GIT tissue sections from IBD 
patients versus normal individuals by multiplex immunofluorescence.  
 
Conventional Treg are typically defined as lymphocytes with a CD3+/CD4+/CD25+/FoxP3+ 
immuno-phenotype. This complex antigenic signature has made it difficult to definitively 
label Treg populations in tissue sections by immunohistochemistry. In this study we 
combined a 5-plex (CD3, CD4, CD8α, CD25, FoxP3) immunofluorescence assay using 
Ultivue InSituPlex® multiplex technology with image analysis using Indica Labs HaloTM 
software to identify, localize and enumerate: 1) total CD3+ T cells, 2) CD8α+ cytotoxic T 
lymphocytes (CTL) and 3) CD3+/CD4+/CD25+/FoxP3+ conventional Treg in GIT sections 
from patients with UC and CD versus controls. Using this approach, we were able to 
definitively identify and enumerate these immune cell populations on single tissue sections 
from each specimen.  
 
We found no differences in the frequencies of Treg or CTL in colon from CD and UC 
patients versus controls; however, higher frequencies of Treg and lower frequencies of CTL 
were measured in small intestine from patients with CD versus controls. 
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Poster Title Artificial Intelligence in Neuropathology: Deep learning-based quantification in Tauopathies 

Abstract Accumulation of abnormal tau in neurons and glial cells occurs in Alzheimer disease (AD) 

and a spectrum of tauopathies. These tauopathies have diverse and overlapping 

morphological phenotypes that obscure classification and quantitative assessments. 

Recently, powerful machine learning-based approaches have emerged, allowing the 

recognition and quantification of pathological changes from digital images. We applied deep 

learning to the neuropathological assessment of pathological tau accumulation in neurons 

and glial cells in postmortem human brain tissue to develop a classifier capable of 

recognizing, differentiating, and quantifying tau burden. We utilized fully annotated regions 

to train a deep learning fully convolutional neural network (FCN) implemented in PyTorch 

against the human expert annotations. The validity of ground truth was confirmed with inter-

rater reliability study achieving Fleiss’s kappa 0.78 between three neuropathologists. We 

found that the deep learning framework is capable of identifying, differentiating, and 

quantifying AT8 - stained morphological forms of neuronal and glial phosphorylated tau 

accumulations in range of nosologies. With our FCN model, we achieved high precision and 

recall in naive whole slide images (WSI) semantic segmentation, correctly identifying objects 

using a SegNet model trained for 200 epochs. We measured performance on test data of 50 

pre-annotated regions on eight naive WSI across various tauopathies, resulting in the recall, 

precision, and an F1 score of 0.92, 0.72, and 0.81, respectively for NFT. Machine learning is 

a useful tool for complex pathological assessment of AD and other tauopathies. Using deep 

learning classifiers, we have the potential to integrate cell- and region-specific annotations 

with clinical, genetic, and molecular data, providing unbiased data for clinical-pathological 

correlations that will enhance our knowledge of the neurodegeneration. 
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