Annals of Clinical and Analytical Medicine

Original Research

The assessment of computational intelligence technique for the diagnosis of
acute lymphoblastic leukemia

Assessment of ai technology for ALL diagnosis

Rashad Qasem Ali Othman’, Syed Sajid Hussain Shah', Asmara Syed', Syed Usama Khalid Bokhari?, Syed Umar Armaghan?, Nisar Ahmed?, Turki Hani Alhazmi®
' Department of Pathology, Faculty of Medicine, Northern Border University, Arar, Saudi Arabia

2 Department of Research and Development, Idrak Al Ltd., London, England

> Department of Research and Development, Idrak Al Pvt. Ltd., Islamabad, Pakistan

4 Department of Hematology, Institute of Child Health, Lahore, Pakistan

° Department of Medicine, Faculty of Medicine, Northern Border University, Arar, Saudi Arabia

Abstract

Aim: This research project’s primary goal is to assess how accurate a computer vision-based system is at diagnosing acute lymphoblastic leukemia (ALL).
Material and Methods: In the present study, the artificial intelligence technology is used to diagnose ALL. Three deep machine learning models, which include
VGG16, ResNet18, and ResNet34 with image augmentation techniques, have been employed for the diagnosis of ALL. The digital images have been acquired
from the Giemsa-stained smears of anonymized cases of ALL. The study included 515 digitized images of ALL and 600 digital images from the normal blood
smears of the anonymized cases. The obtained digital images were subdivided into three sets, which include a training set (60% of total images), a validation
set (20% of total images), and a test set (20% of total images).

Results: The present study is conducted on 1115 digital images which included 515 of ALL and 600 of normal blood cells. Among the three models of deep
machine learning, the ResNet18 and ResNet34 models obtained 100% accuracy for categories of acute lymphoblastic leukemia & normal blood cells while the
VGG16 model obtained an accuracy of 99%.

Discussion: The application of artificial intelligence for the histological diagnosis of acute lymphoblastic leukemia revealed excellent results. In terms of
accuracy & F1-score, the ResNet18 and ResNet34 models surpassed the VGG16 model. These models have the potential to be employed as an adjunct
technique for the histolological diagnosis of ALL which would be helpful for better patient care.
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Introduction

The recent developments in digital technology have produced
astounding results in a variety of areas, including healthcare.
The advancement in digital technology has revealed a healthy
impact on the upgradtion of patient care. Artificial intelligence
makes a substantial contribution to the successful outcomes of
digital technology. The computational technology is enhanced
by artificial technology, allowing computers to carry out tasks
that could be performed by man and even better than humans.
In the artificial intelligence technique, computer systems are
designed to learn and improve on their own based on available
data.

Since the accurate diagnosis of malignant lesions is very crucial
for better patient care, it would be quite important to explore
the potential of artificial intelligence for the diagnosis of
hematological malignant tumors.

Leukemias are quite common hematological malignancies
which are characterized by the presence of neoplastic white
blood cells in the bone marrow and sometimes in the peripheral
blood. There are four main subtypes of leukemias which include
acute lymphoblastic leukemia, acute myeloid leukemia, chronic
lymphoid leukemia or chronic myeloid leukemia [1-3].

Acute leukemias are more frequently severe disorders in
which the hemopoietic stem cell or early progenitors undergo
malignant transformation. Acute leukemia is distinguished by
having more than 20% blast cells in the blood or bone marrow
at the time of clinical manifestation [4-7]. Less than 20% of
blasts can be used to diagnose leukemia if specific cytogenetic
or molecular genetic abnormalities are present [8].

Acute lymphoblastic leukemia (ALL) is prevalent in children.
Numerous nations across the world have observed an increase
in the incidence of ALL [9]. The accurate and early diagnosis
of acute lymphoblastic leukemia is vitally important for their
proper management. This category of cancer is diagnosed by
identifying the blasts in the blood or bone marrow which could
be done by the microscopic examination of the stained smears.
The rising number of cases of acute lymphoblastic leukemia
around the globe and the scarcity of highly qualified and trained
health professionals in this field raise concerns regarding the
accurate and prompt diagnosis of such cases for the proper
treatment.

The advancement in digital technology has made it possible
to develop machine learning systems with the help of neural
networks for the evaluation of digitized microscopic images. The
advancement in the development of high-resolution image data
has made it quite feasible and achievable to make algorithms
that use machine learning to extract the characteristic features
of leukemia cells.

This study aims to investigate algorithms using artificial
intelligence for the evaluation of digital image data to diagnose
acute lymphoblastic leukemia.

Material and Methods

The present study has been performed by acquiring one thousand
one hundred fifteen anonymized digital photomicrographs
from the Giemsa stained smears which included 515 digitized
images of acute lymphoblastic leukemia and 600 images of
normal peripheral blood cells. The digital images have been

labeled by four pathologists into two respective categories
labeled as ALL & Normal. These anonymized digital images
have been subdivided into three sets. The first is a training set
that included 360 digital images from the normal category
and 309 photomicrographs from ALL category. The second is
the validation set which includes 120 images from the normal
category and 103 images from ALL. The third is the test set. It
contains 120 images from the normal category and 103 images
from ALL. To improve the accuracy of the models, we applied
fast ai and VGG16, ResNet18, and ResNet34 models along with
image augmentation techniques with the following details
Multiply =1

do flip = True

flip vert = True

max rotate = 10

min zoom = 1

max zoom = 1.1

max lighting = 0.2

max warp = 0.2

p affine = 0.75

p lighting = 0.75

mode = “bilinear”

pad mode = “reflection”

align corners = True

min scale =1

The obtained data from the application of algorithms have
been analyzed by calculating the parameters of specificity,
sensitivity, positive predictive value, negative predictive value,
and F1 scores.

Ethical Approval

This study was approved by the Local Committee of Bioethics
(HAP-09-A-043) at Northern Border University that issued the
decision no. (29/44/H) dated on 2023-04-26, during its 2nd
meeting for the academic year 2023 dated on 22.03.2023.

Results

The ResNet18 and ResNet34 models obtained 100% accuracy
for categories of acute lymphoblastic leukemia & Normal blood
cells on the test data. This model detecting all 103 cases
of acute lymphoblastic leukemia (ALL) without any mistake.
Similarly, both models correctly detected all 120 cases of
normal white blood cells. Both models had an F1-score of 1.0.
The results are shown in table 1.

The VGG16 model obtained an accuracy of 99% for ALL
classification on the test data. With this model, 102 out of
103 digital images of acute lymphoblastic leukemia (ALL) were
accurately diagnosed and 117 out of 120 images from normal

Figure 1. The comparison of the results of three different
models for the accurate diagnosis of Acute Lymphoblastic
Leukemia

ResNet 18 ResNet 34 VGG16

Parameters

Specificity 100% 100% 99.2%
Sensitivity 100% 100% 97.1%
Positive Predictive Value 100% 100% 99.0%
Negative Predictive Value 100% 100% 97.5%
F1 score 1 1 0.98
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blood cells were correctly identified. With the VGG16 model, the
F1-score is 0.98.

Discussion

In the present study, the computer vision-based system
revealed excellent result. It has been created by using deep
machine learning techniques to evaluate the digital images
of normal white blood cells and neoplastic white blood cells.
There are three deep machine learning models that were
employed to diagnose the acute lymphoblastic leukemia on
the digitized images. These models include ResNet 18, ResNet
34, and VGG16. Based on the morphological features of
neopastic white blood cells, these deep learning algorithms can
distinguish between images of acute lymphoblastic leukemia
cells and normal white blood cells quite accurately. The higher
F1 score of the ResNet 18, ResNet 34, and VGG16 algorithms
indicated that the pathologists could find the computer vision-
based algorithms to be particularly useful in differentiating
blood films. The findings of the present research are consistent
with the findings published by Khandekar R et al. [10].

In another study, for the accurate differentiation between the
abnormal lymphoid cell and normal lymphoctes on the bone
marrow specimen, the machine learning system revaeled
positive predictive value of 99.04% [11].

in another published series, ResNet-50 and VGG-16 deep
learning networks were applied to diagnose acute lymphoblastic
leukemia and the validation accuracies of these were 81.6%
and 84.6% respectively which are lower than the present study
[12].

Similary, the recent studies that employed artificial intelligence
technology on whole slide images for the detection of
morphological related to the malignacies
revealed encouraging results [13].

The application of deep machine learning technologies in this
work yielded very encouraging results, reliably discriminating
blood cells that are normal from acute lymphoblastic leukemia
The multiplicity of cells, their size, the amount of
cytoplasm, and the size and shape of the nucleus in acute
lymphoblastic leukemia cells may be the basis for their
differentiation. This measurement and evaluation of these cell
parameters necessitates specialized techniques and expertise
in this area. There is a scarcity of hematopathology specialists.
In this regard, the use of artificial technology as a tool could be
quite beneficial.

abnormalities

cells.

Digital technology has accelerated task completion while
also improving accuracy and cost-effectiveness. Also, it has
decreased the possibility of mistakes that could have disastrous
effects on human health. The process of automation and use of
computer systems with the application of artificial intelligence
could be an alternative technique for the microscopic evaluation
of peripheral blood and bone marrow smears for the diagnosis
of acute lymphoblastic leukemia.

The development of automated systems with intelligence-based
algorithms may be an adjunct technique for the assistance of
health professional [14-17]. The artificial intelligence has been
employed in speech recognition, radiological image analysis,
and histopathological image evaluation [18-21].

Additional research using different algorithms will create
opportunities for the use of Al technology in this field.

Furthermore, the technique must be retested for differentiation
of acute lymphoblastic leukemia subclasses, L1, L2, and L3, to
ensure its ability to differentiate the three subclasses.
Conclusion

The application of artificial intelligence for the diagnosis of
acute lymphoblastic leukemia revealed encouraging results.
In terms of accuracy & F1-score, the ResNet18 and ResNet34
models surpassed the VGG16 model. These models have the
potential to be employed for better patient care in the near
future.
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