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Abstract

As a non-invasive approach, cytopathology of urine sediment is a highly promising ap-
proach to diagnosing urothelial carcinoma. However, computational assessment of the
cytopathological status of a sample raises the challenge of identifying few cancerous cells
among thousands of cells in a microscopic whole-slide image. To address this challenge,
we propose an end-to-end trainable multiple instance learning approach that combines the
attention mechanism and hard negative mining to classify hematoxylin and eosin stained
patient-level whole-slide images of urine sediment cells. The singular cells are extracted
by a simple foreground detection algorithm. With feature embeddings computed for each
image patch in a bag by a convolutional neural network, the attention mechanism serves
as the pooling operator, enabling a bag-level prediction while still giving an interpretable
score for each image patch. This enables the identification of key instances and potential
regions of interest that trigger a patient-level decision. Our results show that the proposed
system can differentiate between normal and cancerous urothelial cells, thus enabling the
non-invasive diagnosis of urothelial carcinoma in patients using urine sediment analysis.
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1. Introduction

Bladder cancer is the 11*" most commonly diagnosed cancer in the world, with approximately
75% of patients suffering from non-muscle invasive bladder cancer (NMIBC). As bladder
cancer is likely to recur, patients often undergo follow-up treatment which is one of the
reasons it leads to the highest cost of care per cancer patient (Antoni et al., 2017; Lee et al.,
2012).

Cystoscopy and urine cytology still form the backbone of diagnosis and follow-up tests of
bladder cancer. Despite the now predominant use of flexible endoscopes, cystoscopy remains
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Figure 1: Overview of our proposed approach, integrating attention-based multiple instance
learning and hard negative mining for whole-slide cytopathology. Bags of image
patches are extracted from WSIs. Each bag passes through a custom CNN feature
extractor resulting in a bag classification of positive or negative and the attention
scores per instance. Based on these, hard negative instances are collected from
false positive bags to generate new bags by hard negative mining.

an invasive diagnostic procedure that is perceived as uncomfortable by patients. The usage
of non-invasive alternative diagnostic methods remains challenging as urine cytology for
instance is highly dependent on the expertise of the examiner and has limited sensitivity
(Sullivan et al., 2010). Several urine-based tests have been developed, but none of them
have been recommended in the European Association of Urology (EAU) guidelines for
diagnosis and treatment of bladder cancer, and there is consensus that markers can not
replace urethrocystoscopy. However, non-invasive methods promise potential support in
tumor surveillance through guiding the use of more invasive techniques (Babjuk et al., 2013).

The commonly accepted working hypothesis of urine based urothelial cancer cytopathol-
ogy is that cancerous urothelial cells are contained in the urine sediment (Kirkali et al.,
2005). Yet, the relatively few cancerous urothelial cells are largely outnumbered not just
by normal urothelial cells, but also by cells of other types such as squamous cells or leuko-
cytes. Thus, the application of deep learning approaches inevitably faces similar problems
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