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Abstract

In this Era of Machine Learning (ML) and Atrtificial Intelligence (Al), there is no field left in which
these two have not left their impact. Blood cancer or Leukemia is now a days one of the very common
hematological disorders. It is very difficult to diagnose leukemia in its very early stages, when it is
diagnosed in its later stages it is very difficult to treat it because there are very limited treatments
available. So, it is now very important to improve the diagnostic tools and techniques in traditional
diagnostics procedures. ML and Al methods have recently garnered a great deal of attention in the field
of cancer research by making a noticeable contribution to the growth of predictive medicine and modern
oncological practices. Considerable focus has been particularly directed toward hematologic
malignancies because of the complexity of detecting early symptoms. Many patients with blood cancer
do not get properly diagnosed until their cancer has reached an unnumbered stage with limited treatment
prospects. Hence, the state-of-the-art revolves around the latest artificial intelligence applications in
hematology management.
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Objective

This comprehensive review on leukemia provides insights into developments that are taking place in
these contemporary segments i.e. ML and Al. This will also provide in-depth status of developments that
are taking place in the field of diagnostic hematology with the help of Al. Ur main objective is to
explore ML and Al development in diagnosing Leukemia in early Stages.

Methodology

Machine learning and Artificial Intelligence (Al) methods have gained a great deal of attention in cancer
research, particularly in hematologic malignancies due to the complexity of detecting early symptoms.
Many patients with blood cancer do not receive a proper diagnosis until advanced stages, leading to the
development of the latest Al applications in hematology management, enhancing predictive medicine,
and modern oncological practices. We searched Machine learning (ML) and Artificial Intelligence (Al)
methods that have recently garnered a great deal of attention in the field of cancer research by making a
noticeable contribution to the growth of predictive medicine and modern oncological
practices.Considerable focus has been particularly directed toward hematologic malignancies because of
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the complexity of detecting early symptoms. Many patients with blood cancer do not get properly
diagnosed until their cancer has reached an advanced stage with limited treatment prospects. Hence, the
state-of-the-art revolves around the latest artificial intelligence (Al) applications in hematology
management.

Result
By using the aforementioned keywords we have search results of around 360 papers among which we
have selected 178 papers for the review.

Conclusion
After reviewing all the papers we have concluded that artificial intelligence and machine learning has a
very deep impact on the early diagnosis of leukemia. It also helps in the predictive diagnosis of disease.

Introduction

Cancer begins when cells of the body start to develop rapidly. Cells in almost any section of the body
can turn out to be cancer and can unfold to different areas of the body. This could also happen in blood
and thus is known as blood cancer. So blood cancer or Leukaemia is known as a life-threatening disorder
for a human being. It starts in the bone marrow and causes the formation of a massive quantity of
unusual cells. By that time, gets entry into the blood cells and causes fatal disease. It occurs in both
children and adults that can lead to death if left untreated. There are many types of Leukaemia.
According to the World Health Organization (WHO), globally cancer is the 2nd leading disease of death
and in 2018, it is responsible for about 9.6 million deaths. It is predicted that in 6 deaths, 1 death is due
to cancer (1). Blood cancer also called Leukemia and Lymphoma are among the most common form of
malignancies that are of the deadliest type (2). The blood contains three types of blood cells viz. White
Blood cells also called Leucocytes, Red Blood Cells are also called Erythrocytes, and Platelets which are
also known as Thrombocytes. Their primary functions are to fight infections, transport gases, and
prevent blood loss by form forming platelet plugs, respectively (3). Ideally, in Leukemia, the maturation
and function are abnormal of White Blood Cells (4). As WBC plays a crucial role in eradicating
infection from our body, it is crucial for leucocytes to be in a healthy state quantitatively and
qualitatively. However, their growth can become disordered when certain hematologic malignancies are
present (5). These malignant WBCs get settled in the organs like the spleen, Liver, Kidney, and brain
(6). Leukemia is the 10th most common cancer in men and 12" most common in women and constitutes
3% of the global cancer burden. Developing countries bear more than half of the global cancer burden.
In India, lympho-hematopoietic malignancies constitute 9.5% of all cancers in men and 5.5% in women.
As per available information from population-based surveys, the incidence of leukemia in India varies
from 0.8/1, 00,000 in Barshi (Rural area of Maharashtra) to 5/1,00,000 in Delhi. These figures are
comparably lower than the rest of the world but under-diagnosis and under-reporting cannot be ruled
out. The cell type distribution of leukaemias observed in India is different from that observed in the
developed world. Myeloid leukemias predominate in India while lymphoid leukaemias dominate in the
Western world mainly because of the higher incidence of chronic lymphatic leukemia. Despite being
relatively uncommon, leukemias have been studied more extensively because of the easy accessibility of
involved tissue. The incidence of CML was noted highest (45.3%) and that was lowest of CLL (5.7%) in
the Capital of India i.e. Delhi during the period of 1970-1979.19 Similar observations were noted in
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Chandigarh and other metro cities like Mumbai and Calcutta. There was an exception for the incidence
of ALL (39.2%) which was highest observed in Kerala state from 1980 to 1983 (7).

Obstacles in Haematological Management

Complete Blood Count (CBC) is routine investigation in Hematology Section of Diagnostic Laboratory,
although it’s have their limitations. It serves as an initial step in order to identify any type of quantitative
or qualitative abnormality (8). CBC also provides the information that either someone is suffering from
hematological malignancies or not (9). So, further evaluation is done by making smear examination by
using appropriate staining method (8). But there is some drawback to these methods, they are obsolete
and requires very highly skilled personal to investigate the blood smear. Sometimes it is also very time-
consuming which creates a negative impact on patient efficient and timely treatment (10). One more
difficult part of hematology identification is the presence of other blood components around WBCs.
Therefore, appropriate classification results are not obtained by the existing identification procedure,
which involves manually counting the amount of WBCs that appear aberrant (11). In fact, it has been
noted that the difficulties in diagnosing diseases and the intricacy of symptom analysis are the primary
causes of diagnostic delays.

Artificial Intelligence in the Management of Hematology

Driven by the impressive successes of artificial intelligence (Al) across a range of domains, the
suitability of these algorithms in addressing crucial issues about hematology and oncology has been
examined and demonstrated to be effective recently (12). In particular, Machine Learning (ML) and
Artificial Intelligence (Al) techniques have been used to help classify different types of cancer, facilitate
faster diagnosis, and provide the basis for accurate clinical decisions for better health outcomes. Two of
the main challenges in applying Al in medicine are the limitation and limitation of health information.

Traditional Techniques to Leukemia Diagnose

Leukemia may be detected in the early stages of the illness if PB analysis reveals a high concentration of
aberrant white blood cells (WBC) or even a very low blood count. Hence, additional morphologic and
cytogenetic analysis of BM aspirates is done to confirm the AML diagnosis (13).Multiparameter flow
cytometry (MFC) Immuno-phenotyping is a widely accepted method for reliably diagnosing acute
myeloid leukaemia (AML) through the detection of intracellular and extracellular markers, such as
CD13, CD33, and CD34. However, in order to diagnose AML illness, a traditional cytogenetic
investigation is required. Fluorescence in situ hybridization is an alternative method to detect particular
abnormalities, gene fusions or chromosome abnormalities associated to myelodysplasia). In addition to
these technological methods, many molecular genetic testing have been employed to screen for all
genetic abnormalities indicative of AML. These studies are necessary for differential diagnosis and
targeted therapeutic interventions. A BM biopsy or BM trephine biopsy is always required for the
ultimate diagnosis and surveillance of AML. These are intrusive, unpleasant, and cause leukaemia
sufferers agony and suffering (14).As a result, fewer invading techniques are required to guarantee an
accurate diagnosis and provide more specific details regarding the course of the illness. Liquid biopsy,
or PB biopsy, is one of the less intrusive techniques that has been thoroughly researched and used as a
supplemental technique (15).
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Artificial Intelligence and Machine Learning in Diagnosis of Leukemia

Models Based on Machine Learning, about 20% of children who receive full treatment for childhood
ALL, a malignant disease that is the primary cause of cancer-related deaths in children, experience a
recurrence (16). Hence, it is essential to anticipate relapse in order to address the various risk groups
appropriately. An ALL relapse prediction model based on ML algorithms was presented by Pan et al. to
help classify patients with ALL into suitable risk categories, hence facilitating improved care and
follow-up planning. To separate relapses from non-relapses in the three clinically defined risk
categories—standard, intermediate, and high risk—four classification algorithms—random forest (RF),
decision tree, support vector machine (SVM), and linear regression—were trained using 103 clinical
variables during the model selection process (16).Hauser et al. (17) investigated the prospect of
predicting CML prior to diagnosis using simply CBC test data and ML algorithms such as XGBoost and
LASSO algorithms on 1623 patients with a definitive CML status, whereas Pan et al. (16) developed a
model to predict illness relapse. The study included laboratory CBC test results, patient demographic
data (age and gender), and patient encounter data (number of visits to outpatient clinics, etc.) as factors.
The most promising predictors' predictive ability was evaluated using a forward feature selection
procedure. The data set was then split into seven subsets, each corresponding to a different time point
between the patient's diagnosis and the remaining six sets times in front of the diagnostic examination.
It's interesting to note that depending on the time between data collection, variable selection produced
distinct features for the models.In each of the 100 training sets, a 10-fold cross validation was used to
assess the performance of the selected classifiers (16). The recommended method, meanwhile, is thought
to be insufficient for internal validation, which calls for at least 50 repetitions (18). In contrast, the
selected data set (17) was split into two separate groups: the test group and the train/validation group.
Given the enormous sample size, the latter split-sample validation approach is fair and justified to apply
in this scenario; nonetheless, there are still a number of aspects that require attention throughout the
application, and potential negatives should be considered. For example, significant patient imbalances
with regard to the predictor and output distributions may have developed since the sample split was
carried out completely at random. Additionally, 20% was used to evaluate the model, which could have
resulted in a biased assessment of the model's efficacy (18).Moreover, it is often recognized that
leukemia patients frequently experience health problems as a result of recurrent infections, which, if not
diagnosed early, can be fatal. In order to do this, Agius et al. (19) created the CLL therapy-Infection
Model (CLL-TIM) to study the risk of infection resulting from a cytotoxic therapy or a compromised
immune system right after a diagnosis of CLL. The target outcome was the 2-year infection risk or the
course of CLL treatment, with the prediction point for each patient being established at three months
following diagnosis. The ultimate number of participants in the trial group was 3729, after 74 patients
who passed away and 373 patients who started treatment before the predicted point were excluded. By
dividing the data set into 65% training and 17.5% test and internal validation sets, Agius et al. (19) used
stratified sampling, in contrast to Hauser et al. (17), to preserve class distributions and make up for the
52% International Prognostic Index for CLL (CLL-IPI) missing variables. The CLL-TIM ensemble
algorithm was made up of 28 ML models that could identify patients at a high risk of infection to
increase their chances of survival. The 7288 features that were obtained from a collection of variables
from various sources included baseline variables at the time of diagnosis, such as age, gender, etc.;
routine laboratory tests; microbiology findings; pathology reports; and diagnosis codes for all patients.
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Conclusion

After reviewing all the papers we have concluded that artificial intelligence and machine learning has a
very deep impact on the early diagnosis of leukemia. It also helps in the predictive diagnosis of disease.
Many research suggested that early prediction of Disease may decrease the mortality rate. In leukemia,
relapses are common, although there is no such precise tool and techniques available to early diagnose
the relapses. Here Al and machine learning might be a tool that can early diagnose the relapse pattern
and predict it inthe near future.
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