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ABSTRACT

Neuroblastoma is the third most common type of childhood cancer in the pediatric age group.lt is a type of cancer that is found in the adrenal glands
present above the kidney. It usually affects the particular regions such as stomach, chest, neck, pelvis, and bones. Children are usually diagnosed with
Neuroblastoma cancer between the age of 1 to 2 year. It can be discovered by certain imaging techniques. Imaging is one of the crucial technique in the
diagnosis, staging, treatment planning, response evaluation, and follow-up of a Neuroblastoma case.The current prognostic classification of this disease
is based in part on the morphological characteristics of the cells as seen in the images stained with H&E(Hematoxylin and eosin). The main goal is to
detect the cancer cells from the H&E stained images by applying color segmentation, cell extraction, boundarization & major minor axis detection.
From the H&E stained images firstly regular and irregular cells are detected then extraction of irregular cells and regular cells are done. Further
bondarization is applied on the extracted images. Major-Minor axis are calculated on the irregular cells through which the ratio results in the detection
of cancer cells.

Keywords: Quantitative image analysis, Microscopy images, Neuroblastoma prognosis, Grade of differentiation, Multi-resolution pathological image
analysis, Machine learning. undifferentiated, poorly differentiated and differentiating; and mitosis-karyorrhexis index ; low [L-MKI], intermediate [I-
MKI], and high [H-MKI] , neuroblastoma (NB).

1. INTRODUCTION

Neuroblastoma is a type of cancer that affects the tiny glands that sit on top of the kidneys (adrenal glands). It affects the stomach, chest, neck,
pelvis, and bones. Children under the age of five are the most typically afflicted. The most frequent cancer in children is neuroblastoma (younger than 1
year old). In the United States, roughly 700 to 800 new cases of neuroblastoma are diagnosed each year.

For many years, this figure has remained constant. When children are diagnosed, they are usually between the ages of one and two years.
Neuroblastoma can be discovered by ultrasonography even before birth in a small percentage of cases. Neuroblastoma is diagnosed in around 9 out of
10 cases. It is uncommon in people above the age of ten. The median age at which a child is diagnosed is 22 months. In the United States,
neuroblastoma accounts for 6% of all childhood malignancies.

Pathologists must discover certain morphological traits with microscopic analysis of tumour samples in the current grade evaluations for patients with
this disease. Neuroblasts are young, undifferentiated small, spherical sympathetic cells with minimal cytoplasm, dark nuclei, and little inconspicuous
nucleoli. Homer- Wright rosettes are cellular clusters that occur occasionally and are characteristic with Neuroblastoma. The elevated urinary levels of
cone or catecholamines, as well as the typical histopathologic features, are used to identify it. The Shimada classification and the Paediatric Oncology
Group (POG) classification are two histological methods that are routinely used to stratify neuroblastic tumours into risk groups based on histological
findings and provide a prognosis.

According to POG, NBL accounts for <50% of the total. Undifferentiated (the most immature form), ‘poorly differentiated," and 'differentiated" are all
sub-categories of differentiated (the most mature form). All evaluable neuroblastic tumours (N = 218) were given the Shimada Classification. Only the
neuroblastoma (Schwannian stroma-poor) tumours (N = 190) received histologic grade, risk group, histologic grade, modified, and risk group,
modified.

1.1 Need for quantitative image analysis for disease grading

In the current scenario, pathologists play a vital role in examining the digital histopathological image. This examining is done under the
microscope but analyzing all
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Figure 1: Sample Area of interest taking from 512x512 pixels H&E stained FL tissues images; five different oncologists indicating by circles of
different colors identify CB

Neuroblastoma is a cancer that develops from immature nerve cells found in several areas of the body. Neuroblastoma most commonly arises in and
around the adrenal glands, which have similar origins to nerve cells and sit atop the kidneys. Computerized analysis of these images can generate key
quantifiable parameters and assist pathologists with grading evaluations. In this study, image analysis techniques are applied to histological images of
haematoxylin and eosin (H&E) stained slides for identifying image regions associated with different pathological components. Texture features derived
from segmented components of tissues are extracted and processed by an automated classifier group trained with sample images with different grades
of neuroblastic differentiation in a multi-resolution framework. its numerical implementation, relatively large time steps can be used in the finite
difference scheme to reduce the number of iterations, while ensuring sufficient numerical accuracy. To demonstrate the effectiveness.

2. QUANTITATIVE CRITERIA FOR DISEASE GRADING

To diagnose neuroblastoma, doctor prognosis involves a physical and neurological examination. A neurological exam is done to check the child's
nerve function, coordination and reflexes. For the accurate prognosis specialist suggest several tests to confirm a diagnosis and check if the cancer has
spread and what treatment it may require according to the risk categories.

How computer assisted system are used to classify images:

In this research paper [1] the emphasis was on reviewing the natural history, biologic and histological features, and the presenting symptoms of
neuroblastoma are focused to be reviewed. The radiological findings of this neurogenic pediatric tumour are focused and further discussed in [1] the
biologic nature of the tumour can be appreciated, its extent can be demonstrated with greater precision using current imaging modalities (1231-MIBG,
MRI, PET), and minimal disease can be detected using specific tests (immunocytology, reverse transcription-polymerase chain reaction).Because of the
high sensitivity and specificity, MRI and MIBG play a leading role in the diagnosis and surveillance of NBLs, and are especially useful in the treatment
strategies used by pediatric oncology groups. The determination of prognosis, as well as the evaluation of response to treatment, is particularly difficult.

As we already know that Neuroblastoma (NB) is one of the most frequently occurring cancerous tumors in children. The current grading evaluations for
patients with this disease require pathologists to identify certain morphological characteristics with microscopic examinations of tumor tissues.

In this research paper [2] Texture features derived from segmented components of tissues are extracted and processed by an automated classifier group
trained with sample images with different grades of neuroblastic differentiation in a multi-resolution framework.This article presents an automated
grading system for the quantitative analysis of the histological images of the H&E stained NB cross-sections. The H&E stained images were used as
they provide a detailed picture of organ and tissue microanatomy. Hematoxylin is used to precisely stain nuclear components such as heterochromatin
and nucleoli, whereas eosin is used to stain cytoplasmic components such as collagen and elastic fibers, muscle fibers, and red blood cells.After
applying the classification method the overall accuracy of the system observed is 87.88%.

The algorithm developed in [2] is designed to work on images of the lowest resolution level where sufficient image details are retained for grading
analysis. Systematic selection of the best subset of features improves not only system efficiency but also grading accuracy. Furthermore, a set of
classifiers is used to explore different areas of the feature space, simulating the situation when multiple pathologists are available on a prognosis panel.

The main focus of this paper[4] revolves around CAD. Tissue histopathology slides can now be digitised and stored as digital images thanks to the
recent introduction of whole slide digital scanners. As a result, digitised tissue histopathology is now amenable to the use of computerised image
analysis and machine learning techniques. In order to supplement the opinion of a radiologist, computer-assisted diagnosis (CAD) algorithms have
begun to be developed for disease detection.

In this paper, we review the recent state of the art CAD technology for digitized histopathology.
A pathologist's histopathological tissue analysis is the only conclusive method for:

a) confirming the presence or absence of disease and

b)  disease grading, or measuring disease progression.
Higher Gleason(The Gleason grading system is used to help evaluate the prognosis of men with prostate cancer using samples from a prostate biopsy)
scores are given to prostate cancers, which are more aggressive, and the grading scheme is used to predict cancer prognosis and help guide therapy. The
Gleason grading system is based solely on architectural patterns; cytological features are not evaluated. The standard schematic diagram created by
Gleason and his group separated architectural features into 1 of 5 histological patterns of decreasing differentiation, pattern 1 being most differentiated

and pattern 5 being least differentiated. The second unique feature of Gleason grading is that grade is not based on the highest (least differentiated)
pattern within the tumor.
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In this paper [4] the techniques applied were as followed:

Color Normalization: Color and illumination normalisation is an important first step in both fluorescent and bright field microscopy image analysis.
This procedure reduces differences in tissue samples caused by staining and scanning conditions that vary. The illumination can be corrected using
calibration targets or by fitting polynomial surfaces to a series of images to estimate the illumination pattern.

Nuclear Segmentation: Numerous works have been conducted on segmentation of various structures in breast histopathology images using
methodologies such as thresholding, fuzzy c-means clustering and adaptive thresholding

Feature Extraction: Research on useful features for disease classification has often been inspired by visual attributes defined by clinicians as
particularly important for disease grading and diagnosis.

These steps are explained in the next subsections.

. Node identification: The class information of the pixels is translated to the node information of a cell-graph. At the end of this step, the
spatial information of the cells is translated to their locations in the two-dimensional grid. After computing the probabilities, these are
compared against a threshold value.

e  Edge establishment: This step aims to model pairwise relationships between cells by assigning an edge between them. Cells that are in
physical contact are considered to be in communication, thus edges can be established between them deterministically.

. Multi-scale feature extraction: Owing to the density of the data and the fact that pathologists tend to employ a multi-resolution approach to
analyzing pathology data, feature values are related to the viewing scale or resolution.

e  Feature Selection: While humans have innate abilities to process and understand imagery, they do not tend to excel at explaining how they
reach their decisions. As such, large feature sets are generated in the hopes that some subset of features incorporates the i nformation used by
the human expert for analysis.

. Classification and subcellular quantification : For histopathology imagery, unlike some other applications of image analysis, one of the
primary considerations in the choice of a classifier is its ability to deal with large, highly dense datasets.

In the paper [5], The clinical significance of 18F-fluorodeoxyglucose-positron emission tomography (FDG-PET) imaging in the initial staging and
response evaluation of various types of neoplasms is well known. Twenty patients with neuroblastoma who underwent FDG PET/CT pretreatment at
our institute between 2008 and 2015 and showed MIBG avidity were retrospectively enrolled.

The primary goal of this study was to look into the prognostic value of diagnostic FDG-PET/CT before any treatment in children with MIBG. The
evaluation of prognosis is critical so that the clinician can properly diagnose a patient and determine the most effective treatment regimen. FDG PET is
well known as a useful predictive study in a variety of malignant tumours, including lymphoma, lung cancer, and breast cancer.

We conducted this study to assess the prognostic value of pretreatment FDG-PET in patients with neuroblastoma who had similar levels of MIBG
uptake. MTV had a significant trend, but it was statistically insignificant. These findings are consistent with previous observations in other types of
malignant tumours. Numerous studies have found that FDG-PET parameters like SUVmax, MTV, and TBR predict PFS or overall survival (OS) in a
variety of malignant tumours.

Because of the small number of patients in this study, the values did not have significant meaning, except for primary tumour size and serum LDH,
which showed significant trends.

Our research has several limitations. First, it was a retrospective study from a single centre with a relatively small population, rather than a
prospectively designed study. The current study found that some pretreatment FDG-PET parameters were significant for predicting PFS in patients with
MIBG-avid neuroblastoma. FDG-PET may be able to provide prognostic information in paediatric neuroblastoma.

In research paper [6], It is the most well-known extracranial pediatric strong cancer and the most widely recognized neoplasm in earliest stages; >90%
of the ~600 cases analyzed yearly in the United States are in youngsters <5 y old. Screening projects of newborn children show that many cases get
away from discovery due to unconstrained relapse or development into harmless injuries. Beginning from forerunners of the thoughtful sensory system
represents (a) essential destinations in adrenal organs and in paraspinal areas from neck to pelvis and (b) high urinary degrees of catecholamines in
>90% of cases. This embryonal neoplasm frequently encases vascular designs and, in contrast to most strong tumors, normally gives significant
metastatic illness (bone, bone marrow, lymph hubs, liver; spread to lung or cerebrum is interesting). Neuroblastoma emerges from antecedents of the
thoughtful sensory system — subsequently, the presence high urinary degrees of catecholamines, for example, vanillylmandelic corrosive (VMA),
homovanillic corrosive (HVA), or dopamine in >90% of cases. It is the most widely recognized extracranial strong cancer of experience growing up
and the most well-known neoplasm in the principal year of life . Over 90% of the ~600 cases analyzed every year in the United States are in youngsters
<5 y old, with a pinnacle occurrence at age 2-3 y ; a lot more cases get away from discovery in light of unconstrained relapse or unconstrained
development into harmless lesions. The most normal essential site is the retroperitoneum (adrenal organ more frequently than paraspinal ganglia); more
uncommon locales of beginning are the back mediastinum (~20%), pelvis (<5%), and neck (<5%), while seldom no essential site is distinguished.
Various primaries can happen and may mirror an acquired inclination . This embryonal neoplasm frequently encases significant veins and, in contrast to
most strong tumors, typically gives significant metastatic illness. Around 60% of patients have metastases in cortical bone, bone marrow, lymph hubs,
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and liver , however spread to lung or mind is uncommon in spite of hematogenous dispersal . These clinical attributes make evaluation of infection
status subject to a huge number of studies: CT (or MRI), 99mTc-methylene diphosphonate (99mTc-MDP) bone output, 131l-or 123I-
metaiodobenzylguanidine (1311-or 1231-MIBG) scintigraphy, reciprocal bone marrow histochemical assessments, and pee catecholamine levels. Doing
this perplexing battery of tests in the small kids who include the larger part of neuroblastoma patients can be an overwhelming difficulty for clinical
staff, family, and patient.Improvements in visualization are coming about because of refinements in biologic portrayal of neuroblastomas and from
expanded precision in laying out the degree of illness through extending utilization of touchy imaging modalities (1231-MIBG, FDG PET) and of tests
for recognizing insignificant sickness (immunocytology, RT-PCR). These advances are as of now working with the improvement of hazard related
treatment procedures, best confirmed by decreases in the utilization of cytotoxic treatment in babies and a few subsets of more seasoned patients (with
anticipated decline in intense and late sequelae in these patients who have a long projected endurance). Ebb and flow enlistment and consolidative
chemotherapy regimens for high-risk infection, as well as modern medical procedure and radiotherapy, are yielding expanded quantities of patients
with negligible leftover illness, which is the ideal setting for compelling utilization of biologic reaction modifiers. Composed utilization of the last
option, including retinoids and monoclonal antibodies, vows to yield ever more prominent occasion free endurance rates over the course of the
following ten years.

The focus of research paper[9] is on High-goal microscopy pictures of tissue examples give detailed data about the morphology of typical and ailing
tissue. Picture examination of tissue morphology can assist disease specialists with fostering a superior comprehension of malignant growth science.
Division of cores and order of tissue pictures are two normal errands in tissue picture investigation. Advancement of precise and productive calculations
for these assignments is a difficult issue in light of the intricacy of tissue morphology and growth heterogeneity. In this paper we present two PC
calculations; one intended for division of cores and the other for grouping of entire slide tissue pictures. The division calculation executes a multiscale
profound leftover accumulation organization to section atomic material and afterward separate bunched cores into individual cores precisely. The
characterization calculation at first completes fix level order by means of a profound learning technique, then fix level measurable and morphological
highlights are utilized as contribution to an irregular woods relapse model for entire slide picture grouping. The division and arrangement calculations
were assessed in the MICCAI 2017 Digital Pathology challenge. The division calculation accomplished an exactness score of 0.78. The grouping
calculation accomplished a precision score of 0.81. These scores were the most noteworthy in the challenge. Understanding the connection among
morphology and atomic instruments is a focal part of exploration focusing on complex infections, specifically cancer. Traditionally entire slide tissues
are physically analyzed under a powerful light magnifying lens to deliver a finding. This manual interaction is difficult, restricting the quantity of tissue
tests that can be utilized in a review. Advanced Pathology empowers quantitative investigations of these progressions and basic sickness systems at the
sub-cell scales. Incorporating data gathered from examination of Pathology imaging information into the scene of the whole range of clinical data can
assist with driving both illness explicit and patient explicit data which can be utilized to drive high gamble high award disease preliminaries to
improved results quicker. The exploratory outcomes show that utilization of a profound learning organization and an irregular timberland relapse
model, which utilizes factual and morphological elements extricated from pictures, can accomplish great grouping exactness.

Image Processing Toolbox which is employed in paper[11] provides a comprehensive set of reference-standard algorithms and workflow apps for
image processing, analysis, visualization, and algorithm development. You can perform image segmentation, image enhancement, noise reduction,
geometric transformations, and image registration using deep learning and traditional image processing techniques. The toolbox supports processing of
2D, 3D, and arbitrarily large images.

Image Processing Toolbox apps let you automate common image processing workflows. You can interactively segment image data, compare image
registration techniques, and batch-process large datasets. Visualization functions and apps let you explore images, 3D volumes, and videos; adjust
contrast; create histograms; and manipulate regions of interest (ROIs).

You can accelerate your algorithms by running them on multicore processors and GPUs. Many toolbox functions support C/C++ code generation for
desktop prototyping and embedded vision system deployment.

The goal of this paper[14] is to provide a survey on the applications of deep learning for cancer detection and diagnosis, as well as an overview of
progress in this field. We begin the survey by providing an overview of deep learning and the most commonly used architectures for cancer detection
and diagnosis. In particular, we present four popular deep learning architectures in the survey, including convolutional neural networks, fully
convolutional networks, auto-encoders, and deep belief networks. Second, we present a survey of studies that use deep learning for cancer detection and
diagnosis. The surveys in this section are organized by cancer type. Thirdly, we provide a summary and comments on recent work on deep learning
applications to cancer detection and diagnosis, as well as some future research directions.
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