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Abstract— Breast cancer is the second largest cancer caused in the world due to the uncontrollable growth in breast cells. Nottingham
Grading is the internationally acceptable system to grade breast cancer. Nuclear pleomorphism is one of the breast cancer biomarkers for
computing Nottingham grading. Pathologists grade nuclear pleomorphism on breast cancer glass tissue slides using a conventional microscope
which is time consuming and has considerable inter-observer variability between pathologists. The paper proposed an Artificial Intelligence
(Al) deep learning model to grade gradel, grade2, grade3 nuclear pleomorphism on breast cancer whole slide images (WSI). The proposed
Yolov5 model is trained and tested on 1,30,000 WSI tiles having around two lakh annotations. The accuracy of the model is mAP 0.89. The
proposed model saves the time and reduces the workload of the pathologist and also helps them to produce accurate results.
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. INTRODUCTION Cytology deviation [1] appears in breast cancer tissue.
Histological Grading grades the tumour and its cytology

Breast cancer occurs due to the uncontrollable growth in deviation facilitates to decide on therapy. Conventional

breast cells which is the second largest cancer cause in the world.
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Microscope is used by pathologists to perform histological
grading which is time consuming and causes heavy workload to
pathologists. Conventional Microscope grading produces inter
observer variability between pathologists [2]. The invention of
Digital Scanners and Deep Learning models reduces the above
limitation and helps to improve the accuracy and the speed of
histological grading. Digital Scanners digitise the class slide
tissue into Whole Slide Images (WSI) [3]. They are in pyramid
architecture and have various zoom levels with different
numbers of tiles which are the smaller patches of WSI [4]. This
architecture of WSI provides microscopic view to pathologists.
Cytology deviation and tumour architecture in WSI are
annotated by pathologists for training and development of deep
learning models for histological grading. Nottingham Grading
system [5] [6] grades breast cancer WSI using three bio markers
namely mitotic count [7] [8], tubular formation [9] [10] and
nuclear pleomorphism. Nuclear Pleomorphism [11] measures
the morphological structure of cancer cells into three grades
namely grade 1, grade 2 and grade 3. Nuclear Pleomorphism
grade 1 cells are most like normal epithelial breast cells [12],
Grade 3 cells are having greatest variation whereas grade 2 is
very difficult to differentiate between grade 1 and grade 2.
Grades of nuclear pleomorphism cells have poor inter observer
agreement. Therefore, this paper proposes the YOLOV5 [13]
model to grade three nuclear pleomorphism grades for breast
cancer cells by using 1,30,000 WSI tiles of size 500 x 500 for 50
breast cancer patients with 40X magnification with overall mean
average precision of 0.89.

Il. RELATED WORKS

As nuclear pleomorphism scoring requires qualitative
measurement, the existing literature faces difficulties to get
proper annotated dataset to train Deep Learning Models. Caner
Mercon et al. [14] proposed a continuous scoring deep learning
approach in which instead of classifying three nuclear
pleomorphism scoring, they applied continuous scoring for
score 1 to score 3 by using deep regression network and they
obtained 0.56 kappa correlation between the deep learning
model and pathologists. Suzanne C et al. [15] [16] uses
Multiple Instance Learning (MIL) model with ResNet-34 as
backbone architecture to classify low, intermediate, and high-
grade breast tumors. The model is pre-trained on ImageNet and
trained by using the label of WSI which is a weak label dataset
having top 5 probable tumor titles to represent a WSI. The
model is trained by Job WSI and has a kappa correlation of 0.59
with F1 accuracy of 0.80.

Tissue Microarray (TMA) of 276 estrogen for breast cancer

patients are used to study survival analysis and segment various
nuclear pleomorphism scores of breast cancer by Cheng Lu et

IJRITCC | October 2023, Available @ http://www.ijritcc.org

al. [17] They also discuss the higher correlation between ERT
and nuclear pleomorphism that decides the adjuvant
chemotherapy. They used the watershed algorithm to segment
individual nuclei on 276 TMA spots and derived the features
such as nuclear shape, texture and orientation disorder. They
shared that there exists a greater nuclear variation for short term
survival patients whereas uniform local nuclear variation
occurred for long term survival patients. P. Maglin et al. [18]
developed deep belief neural networks (DBM - DMR) to
classify the three grades of nuclear pleomorphism. They
annotated 80 H&E tiles from the MITOS-ATYPIA dataset by
three pathologists and provided the majority score of them as
the label of the file. The framework has three major tasks such
as detection of nuclei, feature extraction and classification of
nuclei using DBN and achieved an accuracy of 90%.

Higher grade tumor reassures aggressive treatments due to
its poor prognosis from the lower grade tumors Nottingham
grade 2 patients are half those than Nottingham grade 1 and
Nottingham grade 3. Y. Wang et al. [19] proposed a deep
learning model called Deep Grade to classify Nottingham grade
1 and Nottingham grade 3 the extra layer to classify Nottingham
grade 2. DeepGrade model is trained by three datasets ClinSeq,
BC, TCGA-BC and SOSBC-1 with all 95%. Ronnachai
Jaroensri et al. [20] discussed the strength of the Al based
Nottingham grading system and developed a deep learning
system for grading all the three components of NGS. DLS was
trained by 1502 WSI and produced 0.50 quadratic kappa for
nuclear pleomorphism scoring using the multivariable WX
regression model.

I11. PROPOSED WORK

A. Dataset Preprocessing

The proposed system collects 50 breast cancer patients WSI
from the Indo-American and Tapadia diagnostics center, each
WSI varies in size from 8 to 12 GB totaling approximately 132
GB. The WSI slides are digitized by Morphle Scanner [21] at
40X magnification and uploaded in cadd4mbc website. The WSI
is stored as a pyramid structure of various zoom levels such as
5x,10x20x...40x,80x (extended digital zoom level). All levels
contains same size of image called as tiles. The level zero
contains lower resolution called as thumbnail. The number of
tiles in further levels are increased with higher resolution. The
lowest level contains maximum tiles with high resolution. The
architecture of WSI is explained in fig.1
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Fig. 1: Architecture of WSI

The digitized pyramid structure of WSI is shown in
fig.2. Itis a collection of folders for various zoom levels in which
each level folder contains a list of images to represent the tiles in
that respective level. The WSI architecture facilitates
microscopic zoom in and zoom out effect to the pathologists.
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Fig 2: Digitized pyramid Structure of WSI

WThe uploaded WSI image is shown in Fig.3.

Fig.3: Uploaded WSI image
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The uploaded images are divided into fields and the white
tiles are removed. The files of size 500 x 500 are annotated by
pathologist for Nuclear Pleomorphism grade 1, grade 2, grade 3
and bat files are created which have the format of bounding box
(class, centre-X, centre-y, box-height, box-width). The annotated
WSI image shown in Fig.4.
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Fig.4: Annotated WSI Image file

The annotations on the images can be generated as JSON
file, which is shown in Fig.5

g T96_x58 y28.txt

File Edit View
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7
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.707 ©.701 8.05 9.042
39 0.637 0.058 0.046
02 ©.703 ©.052 0.062
86 ©.701 0.04 0.07

59 ©.675 ©.266 ©.058
47 ©.454 9.034 0.044

'63 ©.521 0.042 0.054
31 0.788 ©.0958 0.052

Fig.5: Generated JSON file of WSI annotations
After annotation vertical and horizontal flips are applied
for data augmentation and the dataset is tripled. The complete

dataset is described in Table 1.

Table 1: The sample dataset with annotation details

Before Augmentation After
Augmentation
Annotations Grade 1 10,196 30,588
Annotations Grade 2 42,891 1,28,674
Annotations Grade 3 8,858 26,574

As the number of cells are not equally distributed for grade
1, grade 2, grade 3, to get accurate results, the proposed system
performs training the deep learning model for all three grades
together as well as the individual model training for each grade
1, grade 2 and grade 3.
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B. Model Training and Results

The YOLOV5 model is trained to predict grade 1, grade 2
and grade 3 nuclear pleomorphism. The YOLOv5 model is
different from the traditional multistage model due to its single
stage prediction of objects by using bounding boxes. The sizes
of bounding boxes are generated to predict objects with respect
to the object sizes. The architecture of YOLOV5 contains three
structures such as CSP Darknet53 as backbone, CSP PAN as
neck and head to generate final output [13]. The backbone CSP
Darknet extracts the features of the input image. The neck
structure CSP PAN generates and scales up the pyramids for the
features generated by the backbone. The head architecture
creates bounding boxes for various sizes of the objects and
achieves the optimal prediction.

The dataset described in table 1 is trained by YOLOVS5. Each
file is of size 500 x 500. The model is trained for 200 epochs
with batch size 16. SGD is used as the optimizer and the learning
rate is 0.01. The model is trained to obtain all three grades of
nuclear pleomorphism such as grade 1, 2, 3. The model produces
overall MAP as 0.79. The prediction for all three grades of
nuclear pleomorphism is shown in fig. 6.
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Fig.6. Nuclear predictions with three grades

As the combined dataset for all three grades are not equally
distributed. Hence, the model is trained separately for individual
grade 1, grade 2 and grade 3 dataset for 200 epochs with batch
size 16. The individual models use SGD optimizer with 0.01
learning rate. The individual prediction is shown in fig.7.
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Fig.7: Individual Grade Predictions

The model produces 0.66, 0.85 and 0.53 as MAP for grade
1, grade 2 and grade 3 respectively. As grade 2 has a large
amount of data around 1,30,000 produces a better MAP than
grade 1 and grade 3 which have data size around 30,000 and
25,000 respectively. The model results can be further optimized
by providing training on large annotated nuclear pleomorphism
dataset.

IV. CONCLUSION AND THE FUTURE ENHANCEMENT

Nottingham grading is the universal acceptable grading for
breast cancer. Nuclear pleomorphism is one of the scores needed
for Nottingham grading to grade breast cancer. The proposed
yolo v5 model is trained around 1,30,000 WSI tiles for gradel,
grade2 and grade 3 individually as well as all three grades
together and produces overall mAP as 0.89. The model needs
further large annotation dataset to get further optimized results.
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