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ABSTRACT

Primary management for head and neck squamous cell carcinoma (SCC) involves surgical resection with negative
cancer margins. Pathologists guide surgeons during these operations by detecting SCC in histology slides made
from the excised tissue. In this study, 192 digitized histological images from 84 head and neck SCC patients were
used to train, validate, and test an inception-v4 convolutional neural network. The proposed method performs
with an AUC of 0.91 and 0.92 for the validation and testing group. The careful experimental design yields a
robust method with potential to help create a tool to increase efficiency and accuracy of pathologists for detecting
SCC in histological images.

Keywords: Head and neck cancer, squamous cell carcinoma, digitized whole-slide histology, convolutional neural
network, deep learning

1. INTRODUCTION

The most common margin considered safest for surgical resection of oral squamous cell carcinoma (SCC) at sites
including the surfaces of the lips, gums, mouth, plate, and anterior two-thirds of the tongue is about 5 mm
from the cut edge of the cancer to the normal tissue.1 Alternative measurements for resection margins have
been proposed, with some suggesting that tumor clearance of around 2 mm determined as a negative margin.2

However, closer margins, for example within 1 mm of the cancer edge, have been associated with significantly
increased cancer recurrence rates.3 In the practice of head and neck surgical histology, there are two methods
to determine surgical cancer margin clearance: the en-face technique and perpendicular sectioning (also known
as “bread loafing”). The en-face technique investigates only the tissues surface area in a longitudinal fashion
to determine if there is any cancer on surface of the submitted specimen.1 Perpendicular sectioning allows
straightforward quantification of the cancer margin clearance from the edge of the resected tissue, but it is
resource exhaustive and the number of slices create limitations in the certainty of the method, which has the
potential to induce false negatives tissue regions. Both require spending a substantial amount of time examining
a very large number of histological slides from a specimen.

Machine learning methods, especially convolutional neural networks (CNNs), have been previously employed
in the literature for a variety of problems with digitized histological images with considerable success, for example
detecting cancer.4,5 CNNs using image patches that slide over the entire slide have been implemented for
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Figure 1: Left: Representative histological slide with SCC outlined in green. Right: Corresponding binary
image from the histological slide, which will be used for the validation.

classification of multiple non-small cell lung cancers, including metastatic SCC to the lungs, with an accuracy
of 77%.6 Similarly, lung cancers have been detected in histological images of needle core biopsies using an
ensemble of artificial neural networks with accuracy of 88%.7 Previous work has been done with epithelial tissues,
identifying epithelial and stromal tissues using histology with both support vector machines and CNNs.8–10 A
recent grand challenge was hosted at the IEEE International Symposium for Biomedical Imaging in 2016 and
2017 to detect breast cancer metastasis in sentinel lymph nodes (the CAMELYON challenges), and several state
of the art methods, many employing CNNs, were developed and applied with a range of AUCs from 0.65 to 0.97
for slide-level detection.4,11,12

The purpose of this study is to investigate the ability of SCC detection in digitized whole-slide histological
images using CNNs. Our literature review shows that this is the first work to investigate SCC detection using
CNNs in primary head and neck cancers from surgical pathology. We implement state of the art classification
techniques, and altogether, the methods detailed and proposed yield preliminary results that could help justify
a tool to increase efficiency and accuracy of pathologists performing SCC detection in digitized WSI in surgical
pathology providing intraoperative guidance during SCC resection operations.

2. METHODS

In order to investigate automated detection of SCC in digitized histological images, we first constructed a dataset
of SCC tissues from head and neck patients undergoing surgical resection, performed light processing on the image
data, implemented a CNN trained on a group of patient data, and separately tested on group of held-out patients.

2.1 Head and Neck SCC Patient Tissue Database

After obtaining informed consent from patients prior to surgery, fresh ex-vivo tissue samples, about 1 cm by 1
cm in size, were acquired with the departments of Otolaryngology and Pathology and Laboratory Medicine at
Emory University Hospital Midtown.13,14 Three tissue samples were collected from each patient: a sample of the
tumor, a normal tissue sample, and a sample at the tumor-normal interface. One hundred and ninety two tissue
specimens from 84 head and neck squamous cell carcinoma patients were included in this study and divided into
separate, exclusive groups for classifier training, validation, and testing. Ninety-one slides from 45 patients were
used for training. The slides included for training only were from the specimens labelled as normal or tumor
only to limit error in the training group. Classifier optimization was performed on 32 slides from a different set
of 13 patients for validation. Finally, 69 slides from 26 held-out testing group patients were held out for testing
and statistical evaluation until after all training and optimization was finalized.
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