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Abstract

Cancer can impact individuals of all ages, including both children and adults. Diagnosing the pediatric cancer can be challenging due to its rarity.
Typically, it is not recommended to screen for pediatric cancer as it may lead to potential harm to the children. One of the specialized treatments
for pediatric cancer is Hematopoietic Stem Cell Transplant (HSCT). HSCT performs replacement of existing one’s blood cells with the donor’s
bone marrow healthy cells. However, forecasting the survival rates following the pediatric HSCT is crucial and poses challenges in early
detection. Many machine learning algorithms have been developed to predict the risk of transplant outcomes which depends on the type of disease
or patient’s comorbidity. In this work, the enhancement of survival prediction for children who have undergone hematopoietic stem cell
transplantation (HSCT) is achieved through the introduction of a deep learning model that is based on behavioral characteristics. The primary
aim of this model is to identify and differentiate between the patterns of malignancy, non-malignancy, and hematopoietic conditions within the
dataset of bone marrow transplant patients. The existing unsupervised machine learning algorithms, performs clustering of instances with the
randomly selected centroids, which often results in local optima and early convergence affects the accuracy rate. Hence, the present approach
introduces Chaotic mapping Harris Hawk Optimization (CHHO) in order to enhance the conventional k-means clustering procedure due to its
significantly reduced computational complexity. To understand the pattern of the bone marrow transplant dataset, the deep clustering model with
its ability of auto encoder and decoder, discriminates the labelled instanced. With the inferred knowledge proposed CHHO with Deep clustering
Model (CHHO-DCM) performs the effective clustering of instances with the advantage of both local and global optimization. The simulation
outcomes have substantiated the effectiveness of the suggested CHHO-DCM model as it attains the highest level of precision when compared to
the prevailing clustering models in predicting the survival of pediatric patients during Hematopoietic Stem Cell Transplantation (HSCT).s
enduring HSCT.
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1. Introduction

Chemotherapy medications can damage the spongy bone marrow, responsible for producing blood cells. Due to their
rapid growth, blood cells are particularly vulnerable to the negative impacts of these medications [1]. The majority of
the stem cells in the bone marrow are killed by chemotherapy, but the cells eventually replenish [2]. A transplant of
bone marrow is a surgical procedure in which healthy cells are used to replace your bone marrow and only option is
using donor or body's replacement cells. A transplantation of bone marrow is often referred to as a hematopoietic cell
transplant, or simply a stem cell transplant. Stem Cells hold immense significance in contemporary medicine due to
their contributions towards the advancement of novel clinical methodologies. The investigation of stem cells can
facilitate the comprehension of disease etiology and elucidate the potential of these cells in the realm of regenerative
medicine. Leukemia, myeloma, lymphoma, along with other blood and autoimmune disorders that damage the bone
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marrow can all be treated by transplantation [3]. Hematological stem-cell transplantation (HSCT) is the process of
introducing multipurpose hematopoietic stem cells into a patient in order to allow them to proliferate inside of them
and produce more normal blood cells [4]. These stem cells are often obtained from the bloodstream, bone marrow, or
umbilical cord blood. Patients with life-threatening illnesses are the only ones eligible for HSCT because it is still a
risky operation that has numerous potential consequences. The procedure’s application has spread besides cancer to
autoimmune illnesses as survival rates have grown. Despite being a life-threatening procedure, there is a chance that it
could be fatal. HSCT is a specialized therapy for individuals suffering from particular tumors or other disorders which
is not a surgical procedure. The goal of this type of treatment is to transplant healthy bone marrow into a patient after
the patient's existing defective bone marrow has been treated with medication to eradicate the abnormal lymphocytes.

For certain patients with hematologic diseases, HSCT is a probably therapeutic operation. Even if the danger of
transplantation has decreased recently, death and disability are still high, thus choosing who, what, and how often to
do a transplant is crucial [5].

The need to employ algorithms based on machine learning (ML) for survival predictions is driven by the creation of
vast and sophisticated archives that incorporate physiological and clinical information, as well as the demand for
improved forecasting models. A branch of computational intelligence from the field of computing is called the field of
ML. Instead of beginning with a preconceived approach, the underpinning paradigm allows the information build the
model through discovering deeper trends. The data set includes both malignant and non-malignant pediatricians with
various hematologic illnesses. Unaltered heterologous discrete recipient transplantation of hematopoietic stem cells
was performed on every individual.

Though, there are many existing machine learning algorithms are used for survival prediction of pediatric patients. But
the raw dataset comprised of missing values, inconsistent instances affect the accuracy rate of survival prediction of
pediatric patients while undergoing hematopoietic stem cell transplantation. These problems are taken as the important
factors which affects the accuracy of prediction models. Hence, in this proposed work, a novel Chaotic Harris Hawk
optimization based deep clustering model is devised to overcome the vagueness in understanding the pattern of
instances which exhibits malignant and non-malignant cases more precisely.

2. Related Work

Prior studies have consistently demonstrated a survival benefit associated with the utilization of younger donors
compared to irrelevant donors. However, the influence of various factors has not been as apparent, and conventional
statistical methods have occasionally failed to determine the effect of multiple donor factors on an individual based on
their attributes.

Prompt and precise diagnosis plays a pivotal role in the successful management of diseases. Guncar et al [6] constructed
two different machine learning algorithms to predict hematologic disease using the blood test parameters and
admittance details of the patients respectively. The results showed that the model with reduced feature set significant
produce better accuracy compared with the other model. But the reliability of testing the unknown patterns are not
discussed in this work.

The diagnosis of malignancy in hematological management is survey in detail by Radakovichet al [ 7] using the machine
learning models. The review report underscores the significance of machine learning, which constructs a strategic plan
for the fields of genomics, pathology, and the analysis of healthcare datasets pertaining to patients who are suspected
to be in the malignant phase. They also discussed about the significant of machine learning that creates awareness to
physicians.

Choiet al [8] developed a novel prediction model using machine learning algorithms for prolonged survival after HCT
in patients with the malignancies of hematologic. The conditioning regimens-based donor selection for transplantation
is also discussed in their work.

After conducting hematopoietic stem cell transplantation, the risk of mortality rate is very high, to determine the predict
the survivability rate, Aziz Nazhalet al., [9] introduced a random survival forest method. This work explores the
importance of identifying whether the transplantation offers benefit or not to the patients before undergoing HCT.
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Ying Li etal [10] in their work used three various machine learning algorithms namely, support vector machine, logistic
regressions and boosting decision tree for predicting the availability of the donors. The results show that the boosted
classifier achieves better accuracy.

Long XiangEt al., [11] devised an artificial intelligence based early warning algorithm to identify the malignancies
after hematological transplant. The XGBoost algorithm is deployed for prediction of septic shock at its early stage by
determining pediatric sequential organ failure score.

El Alaoui et al., [12] conducted a detailed analysis and review in the area of haematological management by explored
the importance of deep learning and machine learning applications in blood cancer research. This work focuses on
discovering the patient’s cancer severity to improvise further research on therapies related to blood cancer.

From the above works discussed in this section, most of the algorithms are involved in survivability prediction of
patient’s after gone haematological transplant. But, still the issue of presence of vague and inconsistent pattern in
dataset is not analysed and focused in the previous works which affects the accuracy rate of survivability prediction
children enduring Hematopoietic Stem Cell Transplantation. Hence, in this work to discriminate the malignancy, non-
malignant and hematologic instances are accomplished by introducing the behavioural based metaheuristic algorithm
with deep learning algorithm, it is discussed in the following sections.

3. Methodology

In this phase, to conduct effective survival prediction of Children Enduring Hematopoietic StemCell Transplantation
the quality of the dataset is enhanced. The collected raw dataset comprised of missing values, so before performing
pattern discovery, in this work fuzzy K-Nearest Neighbour is used for imputing missing values [13]. With the complete
dataset after imputation is used for determining the patterns of instances belongs to Non-malignant or Malignhant or
Hematologic instances by devising a novel algorithm known as Chaotic Harris Hawk Optimization based deep
clustering model (CHHO-DCM) [14]. The proposed model CHHO-DCM, with the knowledge of Harris hawk food
searching behaviour centroids are selected and the similar instance are clustered with the deep clustering model. Thus,
the pattern of normal children and children with hematologic symptoms are discriminated in this phase. Figure 1 show
the Architecture of Enriched Chaotic Harris Hawk Optimized Deep Clustering for survival prediction.
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Figure 1. Architecture of Enriched Chaotic Harris Hawk Optimized Deep Clustering for survival prediction

3.1. Missing Value Imputation using Fuzzy KNN

The Fuzzy K Nearest Neighbour (FKNN) receives two sets of separated instances and produces an additional pair of
interpolated cases. The FKNN method examines the collection of entire cases and provides the K perfect examples that
are closest to it [15]. The present unfinished instance should be comparable. FKNN generates a fuzzy set with m values
and an association score of 1 for every value that is missing in an incomplete instance, while m is the total number of
total occurrences [16]. FKNN, in simple terms, considers that the values that are not present may correspond to any
combination of earlier encountered values incomplete instances. Following that, FKNN scans the entire set of instances
once and determines the aggregate proximity among the present partial instance and the instances with complete data.
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To modify the disparity among the present, whole, and partial instances, FKNN changes the set of fuzzy data by one
component on each iteration. Following the completion of the dissimilarity computation, FKNN classifies every
component in the fuzzy set in descending order depending on the membership value. Finally, FKNN chooses the top
nearest instance's value to fill the value that is missing in an unfilled instance. The FKNN method is repeated for every
case in the partial cases set to generate a fresh imputation subset.

3.2. Data Pre-Processing

The Bone marrow Transplant dataset is pre-processed by applying min-max normalization by converting the range of
dataset values to fall under same range i.e. zero and one. The formula for normalizing is as follows

y—min(Y)
max(Y)—Min(Y)

Normz(y) = Equation (1)

Where y mentions to a single attribute value and Y denotes to the complete range of values of a specific attribute’s
overall instances range with minimum and maximum values.

3.3. Chaotic Harris Hawk Optimized Deep Autoencoder based Clustering Algorithm

This proposed work has two key processes for detecting a recurring trend among instances of training set and test
dataset. The training set is used to train a deep autoencoder using an encoding system and a decoder in the training
stage. A compressed input vector is sent into a multilayer deep encoder with a low dimensional learnt representation
in this case. This acquired model is then given into a decoder, which attempts to return an output with the identical
dimension as the input data [17]. This autoencoder's training procedure tries to recreate the data provided as much as
feasible. The autoencoder is applied to the dataset in the next clustering stage. The encoder output is then input into a
conventional K-Means algorithm for grouping. The chaotic Harris Hawk optimization for selection of centroids [18].
The learned low dimensional representation vector contains key information of the given input, and thus yield better
clustering results. Figure 2 shows an overview of our deep autoencoder-based clustering framework.
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Figure 2. Overview of our deep auto encoder-based clustering framework.

Deep Cluster, a clustering method that jointly learns the parameters of a neural network and the cluster assignments of
the resulting features. Deep Cluster iteratively groups the features with a standard clustering algorithm, k-means, and
uses the subsequent assignments as supervision to update the weights of the network model is not as complex as some
of the advanced neuron networks. The reason is that we do not want our model to over-fit in two-folds. First, to avoid
the proposed model to over-fit on the training dataset over the testing dataset. Second, we do not want our model to
over-fit on the reconstruction problem it-self over the clustering problem. Thus, we select a model of reasonable median
complexity.

The encoder aims to encode or compress the input data into a smaller size representation, and at the same time preserve
as much key information as possible. As shown in figure 1, the encoder consists of 8 layers, include the input layer and
the learned representation output layer. Here the input layer is being normalized such that all its values is in the range
of (0, 1). Specifically, from the beginning, each larger layer is fully connected to the next smaller layer followed by a
couple of activation layers.
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There are mainly two types of activation layers, Relu and Tanh, as shown in Equation 1 and 2. Adding the Relu layers
could introduce non-linearity to our model, making it more robust against non-linear input data. The Tanh layer, on the
other hand, could transform the data into a normalized range of (—1, 1), to alleviate the gradient vanishing/exploding
problem

RLU (y) = MAX(0,y) 2)
Cosh(y) = =4 @3)
Sinh(y) = = (4)

__Sinh(y) _ €eY+e™Y
tanh(y) = Cosh(y) ~ ev—e-v ()

The decoder aims to decode or decompress the encoded output to reconstruct the original input data as much as possible.
It contains nine layers, including the input layer, which is the output of the encoder, and the final output layer.
Specifically, each smaller layer is fully connected to the next larger layer followed by a Tanh activation layer. In
addition, the decoder has a Sigmoid activation layer (shown in Equation 3) at the final stage to enforce the output values
lie into the range of (0, 1)
. 1
Sig(y) = —= (6)

Clustering-weighted MSE Loss while the goal of the classic autoencoder is to reconstruct the original input as much
as possible, it counts each input feature value equally. However, it is possible that each individual input feature
contributes differently to the final clustering results.

The k-means clustering performance is boosted by adopting the Harris Hawk Optimization algorithm for selection the
centroids by balancing both local and global optima to avoid the early convergence.

3.4. Chaotic Harris Hawks optimizer Method

Harris Hawks Optimization algorithm is a social approach that is impacted by community perception, and its main
advantages are collegiality and unexpected attack attacking brilliance. As depicted in figure 3, during the course of
searching for the subject of the hunt, every predator or hawk pursues the prey from multiple vantage points. This
strategy is adopted to locate the optimal target in an uncertain domain of search of centroid selection in deep clustering.

P g

e

Figure 3. Harris Hawk Prey searching

Harris hawk hunting methods prompted the development of the HHO algorithm. Harris hawks are considered one of
the most intelligent animals on the planet, and they often hunt in groups. As soon as they capture prey, they distribute
it to the entire herd of hawks. When creating HHO, the prey is supposed to be a rabbit. Harris hawks spend a long time
searching in the dunes for a rabbit. When a prey is found at the terminus of this hunt, the herd proceeds to follow it and
attack when the time comes. Hawks plan and carry out their attacks in tandem. This form of hunting necessitates a very
astute plan. The early attacks had been intended to weaken the rabbit's resistance [19]. The hawks then launch their
primary attacks in order to capture the encircled rabbit with little defence resistance. Because the rabbit rushes out of
its usual place of refuge and looks for different areas of concealment while the time it is attacked, it seems to be simpler
to trap.
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Finally, the hawks effortlessly catch the exhausted rabbit without expending much energy. This tactic demonstrates
that Harris hawks have fine-tuned their hunting methods. The HHO algorithm is divided into two stages based on its
discovery and attack techniques.

Exploration phase: In the course of their exploration, Harris hawks roost in an area to seek for their prey, which in this
case is a rabbit. Each hawk symbolises a potential solution, while the bunny represents the best conceivable answer.
The hawks get nearer to the prey at each level, which is the ideal solution. Harris hawks have two roosting techniques.
In the model, these two techniques are provided with the same probability (r). The first technique is to perch based on
the prey's location (r < 0.5). The second is feeding at close quarters (r > 0.). The 2ndapproach tries to streamline
flock members' interactions while foraging. Formula denotes these two approaches are shown in equation

Zp+ 1) ={Zna(P) — Y1|Zrna(p) — 2v2Z(p)|r = 0.5Zpry(p) — Zy(p)) — Y3(LB + v4(UB — LB))r0.5  (6)

The position vector of the hawk (search agent) is Z(p + 1) at the period p+1, the next generation of rabbit is Y. The
recent position of search agent is Z(p), random numbers are r and y; ¥,, ¥3. vawhose values lies between (0,1). These
values are updated during each iteration, the lower and the support bound for the search agent is defined by the
parameters UB and LB. Z,,,;(p)is the random search agent chosen and the current crowd’s mean position is signified
as Z,,.The average position of the searching agent is formulated as \

2,(6) = 2211 Zi(p) ()

Where Z;(p) is the present location of each searching hawk, s is the iteration and N is the total number of search agent
population.

Exploitation phase: During this phase the prey’s energy is determined using the formula
t
Eg = 2Ego(1 — )—- (8)

Where Eg, Tr and EgO are the target; seschaping energy, total generations and energy’s initial state as shown in the
figure 4.

Figure 4. Position of prey with computation of energy

Exploitation phase: There are two behaviors that must be simulated during the exploitation phase [20]. In soft besiege
is the first behaviour, in which the rabbit's energy is still strong and it can flee quickly. In this case, Harris hawks try
to follow it slowly and keep an eye on it until it becomes fatigued. While in hard besiege, the prey in this activity is
exhausted and unable to flee. As a result, in this mode, the Harris hawks form closed circles to launch a surprise attack.

While Eg = 0.5 and er > 0.5, this condition signifies that the prey or rabbit has relatively high escaping energy (Eg)
and the change of successful escape (er) is greater than 50%. Then Harris hawk exhibits soft besiege behaviour, the
search agent’s behaviours are accomplished using the following formula

Z(p + 1) = AZ(s) — Egl]Zpry(p) — Z(p) (8)
Az(p) = Zpry(p) —Z(p) 9)
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The random jump strength of rabbit based on its escaping procedure is represented using J = 2(1-ys), AY (p)refers to
variation among location vector of the rabbit, y5 is a random number and s is the current position in the generation. To
simulate the rabbit’s nature, the value of J will be updated randomly during each iteration.

When Eg > 0.5 and er < 0.5 It indicates that the rabbit has high energy. However, the likelihood of successfully
fleeing is low, Harris hawk performs progressive soft besiege with rapid dives. The next move of the hawks is
mathematically updated as

B = Zpry(p) - Elzpry(p) —Z(p)| (10)
In Hard besiege the current position of all agents are updated as
Z(p + 1) = Zpry(p) — Eg|AZ(p)| (11)

The hawks will then determine which dive is better by comparing the present position to the prior dive. The hawks will
take the previous dive if it is better. Otherwise, the hawks will use the levy flight to make a new dive.

H=B+R* B M) (12)

B is the present location, R is the random vector, M is the dimension of the problem and B is the levy flight. In both
soft besiege and hard besiege behaviour, it is necessary to replace the positions of all members.

Z(p +1) = {Z,BX) < F(Y(s)H, B(H) < F(Y(s)— (13)

When dealing with an optimization problem, it is frequently necessary to create a function with an objective that can
model the problem's needs. The target function is usually written in such a way that it converts the issue of optimization
into a matter of minimization. Using the Gradient Descent Optimizer (GDO) to attain an overall minimum in
minimization issues. However, this is true for concavity issues. GDO may be trapped by the local minimum in cases
with multiples of the local minimum.

4. Experimental Results

This section discusses the performance analysis of the newly developed algorithm Chaotic Harris Hawk Optimized
Deep Clustering Model (CHHO-DCM), their parameter is shown in the figure 4. The simulation results are obtained
using python software. The CCHO-DCM for survival prediction of Children Enduring HSCT using Bone marrow
Transplant dataset is compared with three different unsupervised algorithms namely k-Means, Fuzzy C Means and
traditional deep clustering model. Table 1 show the parameters used in this study.

Table 1. Parameters of Deep Encoder and Decoder

Layer (type) Output Shape Param #
input (InputLayer) (None, 50) 0
encoder_0 (Dense) (None, 500) 25,500
encoder_1 (Dense) (None, 500) 250,500
encoder_2 (Dense) (None, 2000) 1,002,000
encoder_3 (Dense) (None, 10) 20,010

4.1. Evaluation Metrics Used

. . Sucessfully clustered instances
Precision (Model) = Y

(14)

Total instances of positive and negative observations

Sucessfully clustered instances

Recall (Model) = (15)

Missed Instances

Table 2 presents the performance comparison of four clustering approaches: K-Means, Fuzzy C-Means (FCM), Deep
Clustering, and CHHO-DCM. The results highlight the percentage of correctly and incorrectly clustered instances for
each model. K-Means achieves a clustering accuracy of 77.1%, with 22.9% of instances misclassified, indicating
relatively lower performance. FCM improves upon K-Means with 81.67% correctly clustered instances and a reduced
error rate of 18.33%. Deep Clustering further enhances accuracy, achieving 87.53% correct clustering and a
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significantly lower error rate of 12.47%. Among all models, CHHO-DCM (Clustered Hybrid Heuristic Optimization
with Deep Clustering Model) outperforms the others, achieving an impressive 95.82% accuracy and a minimal error
rate of 4.18%. These results demonstrate the superior performance of CHHO-DCM, showecasing its capability to deliver
highly accurate clustering results by leveraging a hybrid heuristic and deep

Table 2. Results of four Clustering Models

Clustering Approaches Correctly Clustered Instances Incorrectly Clustered Instances
K-Means 77.1 22.9

FCM 81.67 18.33

Deep Clustering 87.53 12.47

CHHO-DCM 95.82 4.18

Figure 5 and figure 6 displays the results produced by applying the full feature set with deep clustering using Harris
hawk optimization produced the highest rate of correctly clustered rate compared with the existing deep clustering,
Fuzzy C Means Clustering, Density based Clustering. For centroid selection the existing models performs random
selection initially, and based on the Euclidean distance and the highest number of neighbouring instances, cluster heads
are reassigned in the consecutive clustering process. In the proposed model, the selection of initial centroids is done
with the help of chaotic Harris hawk optimization, where the initial selection optimizes the clustering process. With
the acquired knowledge by applying Deep autoencoder model, the proposed CHHO-DCM produced better result
compared with the existing clustering models.

Correctly clustered Incorrectly clustered
instance instance
100 30
l I I I 20 I
50 m Correctly 1 I . Incorrectly
o - : : : ‘ clustered 18 | ‘ ‘ .l‘ = clustered
instance instance
@Qp& Q(/@ QeQ’Q ngso @Qp& Q& QeQ’Q CZ*Q\O
& &
Figure 5. Performance Comparison based on Figure 6. Performance comparison based on
correctly clustered incorrectly clustered

Figure 7 explores precision rate of the clustering models to discover the three different patterns namely benign,
malignant and Hematologic Instances in predicting survival of Children Enduring Hematopoietic Stem Cell
Transplantation. The proposed CHHO-DCM achieves higher rate of accuracy compared to the existing clustering
models like k-means, fuzzy ¢ Means and Conventional Deep Clustering. In CHHO-DCM, the problem of local
optimization in selection of centroids in the presence of vague instances, is handled by the chaotic Harris Hawk
optimization-based clustering improves the clustering rate of similar pattern inhibiting instances more precisely while
compared with conventional deep clustering, Fuzzy C Means and k-means clustering for categorizing the pattern of
children’s with hematologic symptoms and healthy children.

The recall rate of the CHHO-DCM is higher than the other three clustering models because of handling the missing
values using the uncertainty theory of fuzzy concept to determine the closest complete instances and imputing the
missing instances. The improvised complete dataset is further processed by the proposed clustering model to gain the
highest rate of recall compared with the other existing clustering models.
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® Precision (%) 74.2 80.1 85.4 96.9

® Recall (%) 75.8 83.6 90.7 97.4

F-Measure (%) 74.99 81.81 87.97 97.15

Figure 7. Performance based on precision rate, Recall and F-measure

The rate of F-Measure is obtained with the influence of precision and recall values, so the proposed CHHO-DCM
achieves highest value of 97.15% while the other clustering models obtains the lower rates. The optimized centroid
selection and balancing the local and global searching chaotic mapping help the proposed CCHO-DCM to achieve best
highest accuracy compared with other state of arts in determining the patterns of instances such as Non-malignant,
Malignant and Hematologic instances.

5. Conclusion

This study emphasizes the significance of predicting the survival outcomes of children undergoing Hematopoietic Stem
Cell Transplantation (HSCT) and aims to differentiate individuals into categories of malignancy, non-malignancy, and
hematologic instances. Existing clustering models struggle with handling inconsistent instances that are challenging to
predict within specific clusters. Addressing this issue, we introduce the Chaotic Harris Hawk Optimized Deep
Clustering Model (CHHO-DCM). This model utilizes a training dataset to thoroughly understand instance patterns
through the application of deep autoencoder and decoder classifiers. Subsequently, the testing dataset instances are
clustered into relevant groups using Chaotic Harris Hawk Optimized k-means clustering. The primary contribution lies
in addressing local and global imbalances in seeking centroids and clustering instances for predicting the survivability
of children undergoing HSCT. The results demonstrate that CHHO-DCM outperforms existing clustering models in
terms of accuracy. Future efforts will focus on identifying features influencing the survivability prediction of children
with HSCT to enhance the model's reliability.
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