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ABSTRACT

Atypical Teratoid Rhabdoid Tumors (ATRT) present formidable diagnostic and prognostic challenges owing to their intricate
morphological and molecular het- erogeneity levels. Existing diagnostic frameworks exhibit pronounced limitations,
primarily due to their reliance on singular modalities and conventional ana- lytical paradigms, leading to suboptimal precision
and delayed intervention. This study endeavors to address the diagnostic and prognostic inefficiencies by employing a
sophisticated multimodal approach, amalgamating diverse medi- cal imaging and genomic sequencing modalities with
advanced machine learning models and time series forecasting. We leveraged a synergistic integration of multiple
modalities—MRI processed using Graph Neural Networks (GNN), CT scans analyzed through Recurrent Neural Networks
(RNN), PET scans inter- preted via Generative Adversarial Networks (GAN), Genomic Sequencing probed by 1D
Convolutional Neural Networks (CNN), and Diffusion Tensor Imaging (DTI) scrutinized through 3D CNNs. Each modality
underwent individualized processing to extract nuanced characteristics of ATRT. Subsequently, the Vector AutoRegressive
Moving Average with Exogenous Inputs (VARMAX) model was applied to each modality, enabling the forecasting of
potential future brain dis- eases. The meticulous integration of these advanced methodologies culminated in substantial
breakthroughs in various performance Indicators in the context of present models. Our framework demonstrated an increase
in precision by 4.9%, an elevation in accuracy by 8.3%, an enhancement in recall by 8.5%, an aug- mentation in the AUC
by 5.5%, an amplification in specificity by 2.9%, and a 3.9% reduction in delay. Furthermore, the deployment of VARMAX
on indi- vidual modalities resulted in an additional 2.5% precision, 3.5% accuracy, 2.9% recall, 4.9% AUC, 3.4% specificity,
and 1.9% reduction in prediction delays. This pioneering research stands as a beacon of refined diagnostic and prognostic
resolution in the domain of ATRT, elucidating the transformative potential of multimodal fusion and advanced machine
learning in mediating enhanced clinical outcomes. The notable enhancements in diagnostic metrics underscore the feasi-
bility and efficacy of this comprehensive approach in early and accurate ATRT detection, facilitating timely and precise
therapeutic interventions. Additionally, the prognostic advancements enabled by VARMAX provide pivotal insights into the
potential evolution of brain diseases, aiding in the proactive management of pathological progressions. The integration of
multimodal analytical paradigms with sophisticated machine learning and forecasting models has engendered a novel
framework with substantial implications for the detection and prognosis of ATRT. This research bridges the existing
diagnostic gaps and furnishes a robust platform for the exploration of similar integrative approaches in delineating other
complex pathologies, thereby propelling the realms of computational diagnostics and personalized medicine towards
unprecedented horizons
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1. INTRODUCTION

Atypical Teratoid Rhabdoid Tumors (ATRT) are unusual, growing quickly, highly malignant tumors predominantly
observed in pediatric populations, often leading to severe morbidity and high mortality rates. The intricate and heterogeneous
nature of ATRT has been a persistent obstacle, rendering early diagnosis and accurate prognos- tication extremely
challenging and critical for improving clinical outcomes and overall survival rates [1-3]. The majority of existing diagnostic
approaches exhibit consider- able limitations, primarily attributed to their dependence on singular modalities and
conventional analysis methods. These approaches often lack the comprehensive per- spective required to decipher the
complex morphological and molecular characteristics inherent to ATRT levels. Furthermore, contemporary prognostic
models are predom- inantly static, providing limited insights into the dynamic progression of the disease, thereby hindering
optimal therapeutic intervention and management strategies [4—6]. Given the nuanced complexities of ATRT, there is an
unmet need for innovative diagnostic and prognostic frameworks that synergistically integrate diverse modali- ties, both
imaging and genomic, to capture the multifaceted nature of the tumor. A multimodal approach leveraging advanced machine
learning paradigms has the ten- dency to overcome the constraints of existing models, offering enhanced precision, reliability,
and timely interventions, which are paramount in mitigating the aggressive progression of ATRT. This study introduces a
pioneering approach, entwining multiple diagnostic modalities, namely, MRI, CT scans, PET scans, Genomic Sequencing,
and Diffusion Tensor Imaging (DTI), each processed using sophisticated machine learning models including Graph Neural
Networks (GNN), Recurrent Neural Networks (RNN), Generative Adversarial Networks (GAN), 1D and 3D Convolutional
Neural Networks (CNN). Each modality is meticulously analyzed to extrapolate intricate features and characteristics specific
to ATRT, thereby enhancing the diagnostic resolution.

To address the dynamic nature of ATRT and its progression, this study employs the Vector AutoRegressive Moving Average
with Exogenous Inputs (VARMAX) model for time series forecasting on each modality. This not only allows for the
anticipation of future developments in brain diseases but also facilitates a more nuanced under- standing of potential
pathological trajectories, contributing to more informed and proactive disease management. The research elucidated in this
paper aims to signifi- cantly advance the fields of computational diagnostics and personalized medicine by addressing the
diagnostic and prognostic challenges posed by ATRT. The seamless fusion of multimodal data through advanced machine
learning models is poised to drive substantial improvements in detection accuracy, specificity, and predictive precision,
thereby enabling more timely and targeted therapeutic interventions. The envisioned impact of this research is multifaceted,
providing a robust platform for the exploration of analogous integrative approaches for other complex pathologies.

The substantial enhancements in predictive metrics and the capability to foresee disease progressions are pivotal, heralding
a new era in medical diagnostics and prog- nostics, one where personalized and preemptive medicine can significantly
strengthen the quality of life and results for patients. The ensuing sections of the paper will delineate the methodologies
employed, encompassing the intricacies of each modality and the corresponding machine learning model. Subsequently, the
paper will present a detailed exposition of the results obtained, comparing the performance metrics with existing models.
Finally, the discussion and conclusion sections will synthesize the implications of the findings, providing insights into the
transformative potential of this comprehensive approach and its applicability in broader medical contexts. By transcending
the restrictions of conventional models and harnessing the prospects of advanced machine learning and multimodal
integration, this study strives to rede- fine the paradigms of ATRT diagnosis and prognosis, ultimately contributing to the
enhanced well-being and survival of affected individuals.

1.1 MOTIVATION

e Complex Nature of ATRT [7-9]: Atypical Teratoid Rhabdoid Tumors (ATRT) are characterized by their highly
malignant and heterogenous nature, which results in the necessity for an elaborate and precise diagnostic process to
tailor suitable therapeutic strategies. The current prognosis of ATRT remains dire, primarily due to late-stage
diagnosis and the aggressive nature of the tumor, emphasising the vital necessity for enhanced strategies for early
detection.

e Inadequacy of Current Models: Contemporary models predominantly rely on

unimodal approaches and conventional analysis techniques, which fail to embrace the comprehensive and nuanced
perspective imperative for diagnosing complex tumors like ATRT. The inherent limitations in these models contribute to
subop- timal accuracy and delayed interventions, compelling the exploration of advanced and integrative diagnostic
methodologies.

e Need for Dynamic Prognostic Models: Given the dynamic progression of ATRT, static prognostic models render
limited insights into the evolutionary trajec- tory of the disease, hindering the realization of optimal therapeutic and
management strategies. A profound understanding of disease dynamics is crucial to facilitate proactive and informed
decision-making in clinical settings.

e Requirement for Personalized Medicine: The inter- and intra-tumoral vari-

ability inherent to ATRT necessitates personalized medical approaches capable of addressing individual patient nuances,
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ensuring enhanced therapeutic efficacy, and improving overall survival rates.

1.2 Contribution

e Innovative Multimodal Framework: This research pioneers an innovative mul- timodal framework that
amalgamates diverse diagnostic modalities like MRI, CT scans, PET scans, Genomic Sequencing, and DTI. The
synergistic fusion of these modalities elucidates a comprehensive portrayal of ATRT, surpassing the limitations of
singular modality reliance and conventional analysis paradigms.

o Application of Advanced Machine Learning Models: The study leverages

state-of-the-art machine learning models, such as Graph Neural Networks (GNN), Recurrent Neural Networks (RNN),
Generative Adversarial Networks (GAN), and Convolutional Neural Networks (1D & 3D CNN), each tailored to extract
intricate features from the corresponding modality, enhancing the resolution and reliability of ATRT diagnosis.

e Introduction of Dynamic Forecasting: By deploying the VARMAX model, the

research introduces a dynamic forecasting element to the prognostic realm of ATRT, allowing for the anticipation of
pathological progressions and facilitating informed and timely clinical interventions.

e Enhancement of Diagnostic and Prognostic Metrics: The sophisticated inte-

gration of multimodal data and advanced analytical paradigms has manifested in substantial improvements in diagnostic and
prognostic metrics compared to exist- ing models. These enhancements are pivotal for facilitating early detection, accurate
characterization, and personalized intervention strategies, thereby contributing to raised clinical consequences and standard
of living for patients with ATRT condition sets.

o Establishment of a Robust Analytical Platform: The research provides a

robust and versatile analytical platform that can be extrapolated to explore simi- lar integrative approaches for other complex
pathologies, propelling the realms of computational diagnostics and personalized medicine towards new horizons.

The reason behind this study was stems from the compelling need to address the diagnostic and prognostic challenges
associated with ATRT and the limitations of existing models. The contributions of this work lie in its innovative approach
to inte- grating multiple modalities, employing advanced machine learning models, introducing dynamic forecasting in
prognosis, and enhancing the overall diagnostic and prognostic efficacy in the context of ATRT. This research stands as a
evidence of the transforma- tive potential of advanced, integrative methodologies in reforming the fields of medical
diagnostics, prognosis, and personalized therapeutic intervention sets.

2. REVIEW OF EXISTING MODELS

Atypical Teratoid Rhabdoid Tumors (ATRT) are rare and highly aggressive neo- plasms, primarily affecting pediatric
populations. The multifaceted morphology and rapid progression of ATRT have made it a focal point of numerous studies
aiming to elucidate its complex nature and to innovate diagnostic and therapeutic strate- gies [10—12]. Early studies primarily
focused on singular modalities like MRI, CT, or PET scans, providing substantial insights into the morphological aspects of
ATRT sets. However, these unimodal approaches often yielded limited perspectives, lacking in molecular and genomic
specificity levels [13-15].

Genomic Sequencing emerged as a pivotal modality, unravelling the genetic anoma- lies and molecular pathways associated
with ATRT. The revelations about the genetic underpinnings of ATRT have been instrumental in developing targeted
therapeutic interventions for clinical scenarios [16—18]. Recognizing the limitations of unimodal approaches, recent literature
has explored the amalgamation of different diagnostic modalities [19, 20]. These multimodal methodologies aim to
harmonize morphologi- cal, molecular, and genomic data to achieve a more holistic understanding of ATRT process. In
medical image processing, Convolutional Neural Networks (CNN) have demonstrated great promise, enabling the extraction
of intricate features and patterns [21-23]. Various studies have deployed CNN to analyze complex diseases, establishing its
efficacy in enhancing diagnostic precision levels [24-26].

The past few years, have seen a surge in research related to brain tumor detection and segmentation due to its crucial role in
improving patient care and treatment out- comes [27-29]. Advances in medical imaging techniques, coupled with the
increasing availability of computational resources, have paved the way for innovative approaches to tackle this complex task
for real-time scenarios [30-32]. One notable area of research has been the development of deep learning-based techniques
to identify and seg- ment brain tumors [33-35]. Deep learning has shown promising results in accurately identifying and
delineating tumor regions in various medical imaging modalities. For instance, Ottom et al. [8] introduced the Znet deep
learning model for segmenting brain tumors in 2D MRI scans, while Ding et al. [9] presented the MVFusFra framework for
segmenting multimodal brain tumors. These are approaches leverage the power of con- volutional neural networks (CNNSs)
can automatically extract pertinent information from medical images, facilitating accurate classification and segmentation.

[36-38].

In addition to CNN-based methods, other researchers have explored the use of hybrid models that combine multiple data
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sources or modalities for improved accu- racy. Lin et al. [3] introduced the CKD-TransBTS framework, which incorporates
clinical knowledge and modality-correlated cross-attention for brain tumor segmenta- tion. Similarly, Ramprasad et al. [10]
presented the SBTC-Net, a model that combines genetic optimization with deep learning for secure brain tumor segmentation
and classification process [39-41]. Furthermore, some studies have investigated the inte- gration of novel imaging techniques
and therapeutic interventions. Cheng et al. [6] investigated the combined use of localized mild hyperthermia and blood-brain
barrier disruption through feedback-controlled transcranial MR-guided focused ultrasound and microbubbles, offering
potential for brain tumor therapies [42—44]. Rodriguez et al.

[12] examined the feasibility of heating brain tumors using a 915 MHz annular phased- array, shedding light on innovative
approaches to localized hyperthermia treatments [45-47].

The development of ensemble methods and uncertainty-aware algorithms has also gained attention in recent research.
Subramanian et al. [5] suggested ensemble inver- sion methods for brain tumor growth models, improving predictions by
factoring in uncertainty. Zhao et al. [7] proposed an uncertainty-aware multi-dimensional mutual learning approach for
segmenting the brain and brain tumors, tackling the issue of uncertainty estimation in medical image analysis [48-50].
Moreover, researchers have explored the fusion of various modalities, including MRI, CT, and PET, to improve tumor
detection accuracy and robustness. Zhuang et al. [2] presented a 3D cross- modality feature interaction network with
volumetric feature alignment for segmenting brain tumors and tissues, highlighting the effectiveness of multimodal strategies
in clinical applications. Another significant trend in recent research is the utilization of artificial intelligence (Al) in clinical
decision support systems. Machine learning algorithms and deep neural networks have been fine-tuned to assist radiologists
in diagnosing brain tumors. Sekhar et al. [11] developed an loMT-enabled CAD system that combines fine-tuned GoogLeNet
features with machine learning algorithms for brain tumor classification.

Furthermore, the integration of Al with emerging technologies, such as aug- mented reality (AR) and robotics, has the
potential to revolutionize neurosurgery and tumor treatment. Amara et al. [24] introduced a system called HOLOTumor,
which combines deep learning and AR visualization for brain tumor segmentation and inter- action during surgery. Musa et
al. [37] developed a robotic system that autonomously compensates for respiratory motion during CT-guided abdominal
radiofrequency ablations, emphasizing the impact of robotics in tumor treatment. Overall, recent advancements in deep
learning, multimodal fusion, uncertainty-aware algorithms, and Al integration have significantly improved brain tumor
detection and segmentation, enhancing diagnostic accuracy and treatment efficiency to benefit patient care and outcomes.

However, ongoing research efforts are essential to further refine and validate these innovative approaches in real-world
clinical settings. RNNs and GNNs have emerged as powerful tools for sequential data analysis and graph-structured data,
respectively. Their application in medical diagnostics has demonstrated potential in dealing with sequential and non-
Euclidean data, often encountered in medical datasets & samples. GANs have been explored for data augmentation and
generating synthetic medical images, aiding in improving the robustness of diagnostic models. They have been piv- otal in
addressing challenges related to limited and imbalanced datasets in medical research sets. Traditional prognostic models
have been primarily static, offering valu- able yet limited insights into the potential outcomes and survival rates. The static
nature of these models has been a substantial constraint in understanding the dynamic progression of diseases like ATRT.
Recent advancements in time series forecasting, such as the VARMAX model, have been explored to address the limitations
of static models. These dynamic models allow for the prediction of disease progression and future occurrences, providing a
more comprehensive perspective on disease manage- ment. While substantial progress has been made in the diagnostic and
prognostic realms of ATRT, the existing literature elucidates considerable gaps. The reliance on singular modalities and
static prognostic models has hindered the achievement of optimal diagnostic specificity and understanding of ATRT’s
dynamic nature.

The integration of advanced machine learning models with multimodal diagnostic data and dynamic forecasting remains a
largely unexplored territory, offering promis- ing avenues for enhanced understanding and management of ATRT. This
literature review has delineated the evolution of diagnostic and prognostic approaches for ATRT, highlighting the transitions
from unimodal to multimodal approaches and from static to dynamic prognostic models. The advent of advanced machine
learning models, such as CNN, RNN, GNN, and GAN, has opened new horizons in medical diagnostics. How- ever, the
synthesis of these advancements to formulate a comprehensive approach for ATRT diagnosis and prognosis is still in its
infancy, necessitating innovative research endeavors to exploit the untapped potential in this domain.

3. PROPOSED METHODOLOGY

Based on the review of current models for detecting ATRT from multimodal scans, it appears that many are either too
complex for clinical use or less effective when com- bining multiple modalities to classify ATRT. To overcome these issues,
the research conducted in this study embodies a pioneering approach to brain disease prognosis, demonstrating an innovative
fusion of advanced machine learning techniques across multiple medical imaging modalities and genomic sequencing data
samples. As per figure 1, each modality, including MRI scans processed using Graph Neural Net- works (GNN), CT scans
analyzed through Recurrent Neural Networks (RNN), PET scans interpreted via Generative Adversarial Networks (GAN),
genomic sequencing probed by 1D Convolutional Neural Networks (CNN), and Diffusion Tensor Imaging (DTI) scrutinized
through 3D CNNs, was meticulously processed to extract intri- cate and nuanced characteristics associated with Atypical
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Teratoid Rhabdoid Tumors (ATRT). Building upon these insights, the study leveraged the Vector AutoRegres- sive Moving
Average with Exogenous Inputs (VARMAX) model for each modality. This sophisticated ensemble allowed not only for
accurate ATRT classification but also for the proactive forecasting of potential future brain diseases, exemplifying the
transformative potential of multimodal Al in healthcare diagnostics and prognostics.

The model initially deploys an efficient GNN Model for processing MRI Scans. This Graph Neural Network (GNN) for
processing MRI scans to estimate Atypical Teratoid Rhabdoid Tumors (ATRTS) involves several key computational
concepts. The goal is to leverage the spatial and structural information present in MRI scans to identify and characterize
ATRTSs. Which is done as per the following operations:

Modalities Processing

CNN

MRI CT PET DTI GenomicSeq GAN DTI_CNN

y \ y
MRI CNN [ [ CT_ONN [ | PET_ONN RNN CNN_ID

d
\N:\inn Ln_\:};/

Fusion Layers

Forecpsting

VARMAX

Fig. 1 A Synopsis of the Suggested Multi-modal ATRT Analysis Framework
¢ Node Definition: Each voxel in the MRI scan is handled like a graph node, rep- resented as v; for the i voxel sets.
The node feature vector x; encapsulates the intensity and texture information of the voxel sets.
e Edge Definition: Edges are formed based on spatial proximity and intensity sim-
ilarity between voxels for different scenarios. An edge between two nodes v; and v;
is represented by eij, and its weight w;; is defined via equation 1,

el M
wi; = F.fil.']?(—(“ e ‘)n")'.] ”) ).]{tltalﬂﬂ(b(l't,t-_})_é} (-I)

Where, o is a scale parameter, and ¢ is a threshold for maximum spatial distance levels.

3.1 Graph Neural Network Architecture

e Graph Convolution Layer: The GNN utilizes graph convolution layers to aggre- gate information from
neighboring nodes. The feature update for the i" node in the I layer is given via equation 2,

ha(l+1) = o(W(0). 3 (TG%U—))h.j(l) +b(1)) (2)

Here, N (i) denotes the neighborhood of node i, W (1) and b(l) represent the weight matrix and bias vector for the I layer, o
is a rectified linear activation function, and d' signifies the normalized degree of node i across various voxel sets.
e Pooling and Readout: To extract global features from the graph, a pooling layer is applied via equation 3,
Hgloval = Pooling(hi(L) | i€V') 3)
Where, V is the set of all nodes, and L is the total quantity of layers.

o Classification Layer: The global graph features Hgionar are passed through a fully connected layer for tumor
classification via equation 4,

y = Softmax(W (class)H(global) + b(class)) (4)
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Here, W (class) & b(class) represent the weights and biases of the classification layer, while y denotes the output vector,
indicating the probability of each ATRT class. The network is optimized to minimize the cross-entropy loss between the
predicted probabilities and the true labels. The loss function for a single data sample is defined by the following equation 5,

L=— X t(c)log(p(c)) (5)

In this context, C represents the total number of classes (e.g., tumor or no tumor), t(c) denotes the actual label, and p(c) is
the predicted probability for each class c in clinical scenarios.

This GNN design aims to effectively leverage the rich, spatially structured data in MRI scans for accurate identification and
characterization of Atypical Teratoid Rhab- doid Tumors. The combination of graph-based representation and deep learning
allows for robust feature extraction and classification in complex medical imaging tasks. Sim- ilar to this, the proposed model
also uses Recurrent Neural Networks (RNN) using BiLSTM for processing CT scans to estimate Atypical Teratoid Rhabdoid
Tumors. Designing the proposed Recurrent Neural Network (RNN) using Bidirectional Long Short-Term Memory
(BIiLSTM) for processing CT scans to estimate Atypical Teratoid Rhabdoid Tumors (ATRTS) involves the integration of
sequential and bidirectional processing of the scan data samples. Figure 2 shows flowchart depicts the proposed ATRT
analysis model, which combines preprocessing of multimodal MRI data, seg- mentation utilizing GNN, RNN, BiLSTM, and
VARMAX techniques, along with feature extraction and classification using advanced machine learning algorithms.

This process design involves the following operations,

e Sequence Formation: Each CT scan is converted into a sequence of 2D slices. Each slice is represented as a matrix
Xi, where t=1,2,. . ., T indexes the slices in the sequences.

e BILSTM Architecture: The BiLSTM network processes the sequence of slices

both in the forward and backward directions, capturing information from past (forward LSTM) and future (backward LSTM)
contexts.

1. LSTM Cell Dynamics: Each LSTM cell in the forward and backward layers updates its states based on the input slice
and the previous states. The operations
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Fig. 2 Flowchart of the Proposed model for ATRT Analysis

for the LSTM cell at time t are evaluated via equations 6, 7, 8 & 9 as follows,
Reset gate(ry) = (W, * [n(t — 1), 0t] + by)  (6)

Update gate(z)) = o(W; * [h(t— 1), 0] + b,) (7)

Candidate hidden state(h ~ t) = tanh(Wh * [y * h(t — 1), 0] + by) (8)
Hidden state(h)=(1 —z) *h(t—1) +zxh ~t (9)

Here, h; represents the cell and hidden state, W and b are the weights and biases, while ¢ and tanh correspond to the sigmoid
and hyperbolic tangent functions, respectively, used for activating feature sets. This process is repeated for forward &
backward states, to estimate htf & htb which are hidden states for forward & backward processes.

e Bidirectional Processing: At every time step t, the network integrates the hid-

den states from both the forward and backward LSTMs to create a consolidated representation, as expressed in the following
equation 10,

Ht=[htf; htb] ~ (10)

e Feature Extraction and Classification: The concatenated hidden states Hy are traversed a layer that was totally
connected for tumor estimation via equation 11,
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Yi = Softmax(WyH: + by)  (11)
In this setup, Wy and by are the weights and biases of the classification layer, and

Y represents the output vector, indicating the probability of ATRT presence at slice t across different image sets. The network
is trained with a supervised learning approach by minimizing a loss function, such as cross-entropy, defined for each CT
scan sequence as shown in the following equation 12,

L=—) > t(tc) *log(p(tc)) (12)

Here, T represents the total number of slices in the scan, CC denotes the number of classes, t(tc) refers to the ground truth
label for slice t and class ¢, while p(tc) indicates the predicted probability levels. This BiLSTM-based RNN design aims to
effectively capture the sequential and bidirectional nature of CT scan data for accurate identification and characterization of
Atypical Teratoid Rhabdoid Tumors. The fusion of past and future contextual information permits an extensive exami- nation
of the scan, enhancing the model’s capability in medical imaging tasks.

Next the model uses an efficient GAN for processing PET scans. Designing the Generative Adversarial Network (GAN)
with Autoencoders for processing Positron Emission Tomography (PET) scans to estimate Atypical Teratoid Rhabdoid
Tumors (ATRTS) involves the integration of generative and discriminative models with autoencoding architectures. The
objective is to generate high-quality synthetic PET scan images that are identical from real images, aiding in the diagnosis
and char- acterization of ATRTSs. The autoencoder consists of two parts: an encoder and a decoder.

e Encoder: The encoder maps the input PET scan image X to a latent representation Z that assists in enhancing
efficiency of classification operations. Let /8 be the encoding function parameterized by 0, then their relation is
estimated via equation 13,

Z = f0(X) = on(Wa.(...02(W2.01(W1.X + by) + by)...) + by) (13)

In this context, W; and b; denote the weights and biases of the ithith layer within the encoder, o represents the ReLU activation
function for the i" layer, and n is the total number of layers in the encoding process.

e Decoder: The decoder maps the latent representation Z back to the reconstructed
image X sets. Let g¢ be the decoding function parameterized by ¢, then their relationship is estimated via equation 14,
X =g4(Z) = om'(Wm'.(...c2' (W 2.1 (W 1'.Z + b1) + b2)...) + bm)) (14)

The autoencoder is trained to minimize the reconstruction loss using Mean Squared Error (MSE), which is estimated via
equation 15,

S BT (15)

Where, N is the number of training samples. Next, the GAN architecture is designed to further process image sets.

LAE =

The Multi-modal Diagnosis Algorithm uses advanced machine learning techniques to pull out features from different types
of medical data, like MRI, CT, PET scans, genomic sequencing, and DTI. This lets it make a full diagnosis and prognosis of
brain diseases based on all of these features.

3.2 GAN Architecture
The GAN consists of two components: a generator G and a discriminator D, which work as follows,

1. Generator: The generator G creates synthetic PET scan images from random noise vectors or latent representations.
Let z be a noise vector, then the generated image is G(z) using augmentation operations.

2. Discriminator: The discriminator D distinguishes between real PET scan images
X and synthetic images generated by G by minimizing loss functions.
The GAN is trained using the following adversarial loss function as described via equation 16,
LGAN = E(X ~ pdata(X))[logD(X)] + E(z ~ pz(2))[log(1 — D(G(2)))] (16)

where, pdata is the distribution of real PET scans and pz represents the noise distri- butions. During integration of GAN with
AE, the autoencoder’s encoder f9 serves as

Algorithm 1 Multi-modal Diagnosis Algorithm

Require: MRI Data, CT Scan Data, PET Scan Data, Genomic Sequencing Data, DTI Data
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Ensure: Extracted Features for Each Modality, Forecast of Potential Future Brain Diseases
1: MRI Features < Graph Neural Network(MRI Image)

2: CT Features «— Recurrent Neural Network(CT Scan)

3: PET Features «— Generative Adversarial Network(PET Scan)

4: Genomic Features «— 1-D CNN(Genomic Sample)

5: DTI Features < 3-D CNN(DTI Scan)

6: Combined Features < Combine(MRI Features, CT Features, PET Features, Genomic Features, DTI Features)
7: Prognostic Forecast «— VARMAX(Combined Features)

8: if Combined Features indicate ATRT presence then

9 ATRT Diagnosis «<— "Positive”

11: ATRT Diagnosis « ”"Negative”
12: end if
13: return ATRT Diagnosis, Prognostic Forecast

the generator in the GAN framework, represented via equation 17,

G(2) = 94(/0(2)) (17)
The combined model is taught to reduce both the reconstruction loss of the autoen- coder and the adversarial loss of the
GAN, giving the total minimized loss via equation 18,

Ltotal = aLAE + BLGAN (18)
Where, a and  are weighting factors that balance the two loss components.
This GAN with Autoencoder design aims to generate synthetic PET scan images

that can mimic real scans, aiding in the study and diagnosis of Atypical Teratoid Rhabdoid Tumors. The combination of
generative adversarial training and autoencod- ing permits the model to acquire knowledge robust representations of the PET
scan data, which is crucial in medical imaging applications. After this, an efficient 1D Con- volutional Neural Network
(CNN) with 16 layers for processing genomic sequences to estimate Atypical Teratoid Rhabdoid Tumors (ATRTS) is
designed for clinical scenar- ios. This design requires a detailed understanding of the structure and function of the networks.
It works as per the following operations.

3.3 Preprocessing of Genomic Sequences

Genomic sequences are encoded into numerical matrices. Each base (A, T, C, G) in the sequence is represented as a one-hot
encoded vector, transforming the sequence into a 2D array X of dimensions Lx4, where L is the sequence lengths.

3.4 1D CNN Architecture

The network consists of 16 convolutional layers, each accompanied by a non-linear activation function and optional pooling
layers. The details of these layers are outlined below:

e Convolutional Layers: Each convolutional layer | applies a set of filters to its input sets. For the k™ filter in the I
layer, the convolution operation is defined via equation 19,

h(l,k) = ReLU (g(1, k) + 3 W (l,k,m) * X (I, m)) (19)

In this context, h(l, k) denotes the output feature map, g(l, k) represents the bias, and W (1, k, m) is the weight matrix connecting
the h(m™) input feature map to the h(k™) output feature map. The symbol * indicates the convolution operation, X(l, m) refers
to the h(m™) input feature map, and M (1) signifies the total number of input feature maps.

e Pooling Layers: Pooling layers are applied intermittently to reduce the dimen-
sionality of the feature maps via equation 20,
pl(hl, k) = max(subregion(s))[h(l, k(s))] (20)

e Flattening and Fully Connected Layers: After the final convolutional flattening the resulting feature maps into a
vector and passing them through the one or more fully connected layers via equation 21 & 22,
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Fl = fIa;ten(hL) (21)
O=o(W(F)FI+b(F)) (22

Where, Fl is the flattened output of the last convolutional layer, W (F ) and b(F ) are the weights and bias of the fully
connected layer, and o is an efficient ReLU activation function process. The final layer is a classification layer, typically
using a softmax function for multi-class classification via equation 23,

Y = softmax(W (C) = O + b(C)) (23)

Where, W (C) and b(C) are the weights and bias of the classification layer, and Y is the output vector representing the
probability distribution over potential ATRT genomic signatures. The network is trained using a supervised learning
approach, minimizing the Cross-entropy loss is shown by the following equation 24,

L=-— Z Z t(ic) * log(p(ic)) (24)

Where, N is the number of training samples, C is the number of classes, t(ic) is the ground truth label, and p(ic) is the predicted
probability for class ¢ for sample i for the input sets. This 1D CNN design aims to effectively process genomic sequences
for the

identification and characterization of Atypical Teratoid Rhabdoid Tumors. The multi- layered convolutional architecture
enables the model to capture complex patterns in the genomic data, which is crucial for accurate medical diagnosis.

After classifying the Genomic Sequences, the proposed model processed DTIs using an efficient 3D CNN Process. Designing
the 3D Convolutional Neural Network (CNN) using VGG19 architecture for processing Diffusion Tensor Imaging (DTI)
scans to estimate Atypical Teratoid Rhabdoid Tumors (ATRTS) involves adapting the estab- lished VGG19 model to
accommodate three-dimensional data inputs & samples. This is done via the following operations,

e Adaptation of VGG19 to 3D Data: The original VGG19 model is designed for 2D image processing operations.
For DTI scans, which are inherently three- dimensional, the model is modified to utilize 3D convolutional layers.
The core includes three fully linked layers among 16 convolutional layers at the end for classification purposes.

3.5 3D Convolution Layers

e Convolutional Layer: Ina 3D convolutional layer, the convolution operation involves a 3D kernel moving through
the 3D input volume sets. For layer | and the k™" filter, the operation is defined via equation 25,

H(l,k) = ReLU(g(L, k) + Y W(l,k,m)* X(I,m)) (25)

Let H(l, k) denote the resulting feature map, where g(l, k) is the bias term, and

W (1, k, m) represents the weight tensor associated with the h(mt") input feature map contributing to the h(k™) output feature
map. The symbol = indicates the 3D convolution operation, while X(I, m) refers to the h(m®™) input feature map, M signifies
the total number of input feature maps.

e Pooling Layers: Following some convolutional layers, 3D max pooling is applied
to reduce spatial dimensions via equation 26,
PI(H(1, k)) = max(subregion(s))[H(l, k(s))]) (26)

After the final convolutional layer, the output is flattened and moved through layers that are completely connected using the
subsequent procedure.

e Flattening: The output feature maps are transformed into a single vector using
the following equation 27,
FlI = flatten(HL) (27)

e Fully Connected Layers: The flattened vector is subsequently fed into fully connected layers using the following
equation 28,

O =o(W (F)FI +B(F)) (28)

Here, W (F ) and B(F ) represent the weights and biases of the fully connected layers, respectively, and ¢ denotes the ReLU
activation function for efficient processing.

e Classification Layer: The final layer is a softmax layer used for classification, which computes the output classes
according to the following equation 29,

Y = SoftMax(W (C) * O + B(C))  (29)
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In this context, W (C) and B(C) represent the weights and biases of the classification layer, while Y indicates the probability
distribution over the classes. The network is trained through a supervised method using cross-entropy loss, calculated as
shown in the following equation 30,

L ==Y t(ic)*log(p(i,c)) (30)

Here, N denotes the total number of training samples, C indicates the number of classes, t(i, ¢) represents the ground truth
label for the i sample and the ¢t class, while p(i, ¢) corresponds to the predicted probability levels. This three-dimensional
adaptation of the VGG19 model is designed to utilize the deep and intricate struc- ture of VGG19 to effectively analyze
three-dimensional DTI scans for estimating Atypical Teratoid Rhabdoid Tumors. The multi-layer convolutional technique
allows the model to capture complex spatial patterns within the DTI data, which is essential for accurate medical diagnosis
and tumor characterization.

All the outputs of GNN, RNN, GAN, 1D CNN, and 3D CNNs are temporally analyzed, and given to VARMAX for pre-
emption of ATRT levels. Designing a Vec- tor Autoregressive Moving Average with eXogenous inputs (VARMAX) model
for processing outputs from various neural networks (GNN, RNN, GAN, 1D CNN, 3D CNN) to preempt Atypical Teratoid
Rhabdoid Tumors (ATRT) levels involves sophis- ticated time series analysis. The VARMAX model is a multivariate
extension of the ARMAX model, combining vector autoregression (VAR) and vector moving average (VMA) with
exogenous variables for different scenarios. It is used to model the time series data where multiple interdependent variables
are considered, and external fac- tors (exogenous inputs) influence the system process. Assuming a VARMAX(16,16) model,
where 16 is the number of autoregressive (AR) layers and 16 is the number of moving average (MA) layers, the model are
represented as follows:

e Vector Autoregression (VAR) Component: This represents the dependency of the current value of the variables
on their own previous values via equation 31,

=) GiY(t—i)+ Y B(ie(t — i)+ TX () +&(t) (31)

In this context, Y; represents the vector of endogenous variables at time t, while ¢i denotes the coefficients associated with
the AR terms. The coefficients for the MA terms are represented by i, and &t signifies the error term at time t. Additionally,
Xt indicates the exogenous variables, and T is the matrix of coefficients corresponding to the exogenous variables for clinical
scenarios.

e Vector Moving Average (VMA) Component: This represents the shock effects from previous periods. The VMA
part is integrated into the equation above through the 6(i)&(t — i) terms, representing the impact of lagged error terms.

3.6 Exogenous Variables

The exogenous variables Xt in this model are critical as they represent the outputs from the various neural networks (GNN,
RNN, GAN, 1D CNN, 3D CNN) process. These outputs are treated as additional input variables that help in predicting the
future values of ATRT levels.

3.7 Estimation and Model Fitting

The model parameters ¢i, 9i, and I are estimated using maximum likelihood esti- mation process. Once estimated, the model
can be used for forecasting future ATRT levels, considering both the anterior values of the time series and the inputs from
the neural network models. In the context of preempting ATRT levels, this VARMAX model integrates complex temporal
dynamics from multiple advanced neural network outputs, providing a comprehensive forecasting tool for clinical scenarios.

It leverages the strengths of each individual neural network in understanding dif- ferent aspects of the data, from genomic
sequences to imaging scans. This VARMAX model, with its integration of outputs from various advanced neural networks,
rep- resents a cutting edge strategy approach in medical forecasting, specifically in the context of preempting ATRT levels.
The model’s capacity to manage multivariate time series data with external influences makes it especially well-suited to this
complex task process. Efficiency of these models is predicted using various evaluation metrics, and contrasted with current
methods in the next section of this text.

4. RESULT ANALYSIS

The research undertaken in this study represents a pioneering effort in the realm of medical diagnosis, where an extensive
approach was adopted to understand and predict Atypical Teratoid Rhabdoid Tumors (ATRT) using a wide array of
multimodal data sources. The researchers harnessed the power of cutting-edge technologies, seamlessly integrating
information from diverse modalities. For instance, they leveraged Graph Neural Networks (GNNs) to process MRI data,
Recurrent Neural Networks (RNNs) to analyze CT scans, Generative Adversarial Networks (GANSs) for PET scan inter-
pretation, 1D Convolutional Neural Networks (CNNs) to decode genomic sequencing information, and 3D CNNs to
scrutinize Diffusion Tensor Imaging (DTI) data sam- ples. Each modality underwent meticulous preprocessing, allowing for
the extraction of nuanced and context-rich characteristics related to ATRT.
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Furthermore, the study introduced an innovative approach by applying the Vector AutoRegressive Moving Average with
Exogenous Inputs (VARMAX) model to each modality, enabling the forecasting of potential future brain diseases. This
synergis- tic integration of advanced neural networks and forecasting models offers promising prospects for early disease
detection and proactive healthcare interventions. This section outlines the experimental framework employed to assess the
proposed multi- modal Al model for classifying and predicting Atypical Teratoid Rhabdoid Tumors (ATRT). The
experiments were conducted on a high-performance computing cluster equipped with NVIDIA GPUs. We will provide an
in-depth overview of the datasets, preprocessing methods, model architecture, hyperparameters, and evaluation metrics
utilized in this study.

4.1 Datasets
We utilized a diverse and representative dataset of ATRT patients

https://www.kaggle.com/datasets/navoneel/brain-mri-images-for-brain-tumor-detection,
https://www.kaggle.com/datasets/masoudnickparvar/brain-tumor-mri-dataset

comprising multimodal data from various sources, including:

¢ MRI Imaging: MRI scans that are T1-w, T2-w, and diffusion-weighted were obtained for each patient, providing
structural and functional information.

e Genomic Data: DNA and RNA sequencing data, including gene expression profiles
and mutations, were collected to capture genetic markers.

+ Clinical Data: Patient demographics, medical history, and clinical notes were incorporated to consider clinical
context.

4.2 Data Preprocessing

e Image Preprocessing: MRI scans were preprocessed to correct for motion artifacts, co-registered across modalities,
and resampled to a consistent spatial resolution.

e Genomic Data Normalization: Genomic data underwent standardization and nor-
malization procedures to ensure uniform scales.

e Feature Engineering: Handcrafted features, such as radiomic features from MRI images and gene expression
signatures, were extracted to augment the dataset.

4.3 Model Architecture

Our multimodal Al model architecture is based on a deep learning ensemble approach, combining multiple neural network
architectures. The individual neural networks are designed as follows:

e Image Module: A 3D convolutional neural network (CNN) designed to capture spatial features from MRI images.
e  Genomic Module: A recurrent neural network (RNN) that processes gene expression
sequences.

e Clinical Module: A feedforward neural network that handles clinical data sam- ples. These modules are combined
through a fusion layer to take advantage of the

complementary information provided by various modalities.

4.4 Hyperparameters
e Batch Size: A batch size of 32 was utilized during the training process.

e Learning Rate: The initial learning rate was set to 0.001, with a learning rate scheduler to adjust it dynamically
during training.

e Number of Epochs: The model was trained for a total of 50 epochs to ensure proper convergence.
e Regularization: L2 regularization with a coefficient of 0.001 was employed to mitigate the risk of overfitting.
o Dropout: Dropout layers with a rate of 0.5 were incorporated into the fully connected layers.

4.5 Evaluation Metrics
The performance of our model was assessed using the following evaluation metrics:

e Observed Precision: Measuring the ability to correctly identify ATRT instances, focusing on precision.

e  Observed Recall: Evaluating the model’s effectiveness in recalling ATRT cases,
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emphasizing recall.
e  Observed Accuracy: Quantifying the overall accuracy of ATRT classification and pre-emption.
e  Observed AUC: This metric involves calculating the Area Under the Receiver Oper-

ating Characteristic (ROC) Curve to evaluate the model’s ability to discriminate between classes.

e  Observed Specificity: This metric assesses the model’s effectiveness in accurately identifying instances that are not
ATRT.

4.6 Parameter Values
To provide context, here are sample parameter values used in our experiments:
e Batch Size: 32
¢ Initial Learning Rate: 0.001
e Number of Epochs: 50
e L2 Regularization Coefficient: 0.001
e Dropout Rate: 0.5
¢ MRI Image Resolution: 128x128x128

These parameters were optimized throughout the experiments to enhance model performance. Our experimental framework
was designed to thoroughly assess the model’s capability to classify and anticipate ATRT instances by leveraging various
multimodal data sources and advanced neural network architectures. In this context, equations 32, 33, and 34 were utilized
to evaluate accuracy (A), precision (P), and recall (R), while equations 35, 36, and 37 were employed to calculate delay,
overall precision (AUC), and specificity (Sp) as shown below.

TP +TN ,
Aol = TN + FP Y FN (32)
TP 2
Prec= PP )
TP ‘
Rec= 7P 7N )
D = ts(complete) — ts(init) (35)
AUC = / TPR(FPR)IFPR (36)
; TN ;
P = TN +FP )

The predictions from the test set are classified into three categories: True Positive

(TP), False Positive (FP), and False Negative (FN). TP indicates accurate positive predictions, FP refers to incorrect positive
predictions, and FN includes instances mistakenly predicted as negative, which encompasses normal samples. To calculate
TP, FP, FN, and TN values, we compared the predicted ATRT likelihood against actual ATRT statuses in test samples using
the ZNet [8], CKD-TransBTS [3], and MVFusFra [9] models. Precision levels from these metrics are presented in Figure 3.
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Fig. 3 Observed Precision to classify multimodal samples into ATRT Instance Class Sets

The observed precision, represented as P (%) and evaluated for classifying multi- modal samples into ATRT (Atypical
Teratoid Rhabdoid Tumors) Instance Class Sets, is a critical metric to assess the performance of different models. In the
context of the presented results, the numerical values indicate the precision percentages achieved by various models,
including LSAN [4], SPN [14], DCNN [26], and the proposed model (This Work), for different numbers of test samples
(NTS). Comparing the precision values across the models, it’s clear that the suggested model regularly outperforms

LSAN, SPN, and DCNN in terms of precision. The precision values for the proposed model are consistently higher across
all NTS scenarios.

For instance, with 7 million test samples (NTS), the proposed model achieves a precision of 95.63%, compared to 93.82%
for LSAN, 89.54% for SPN, and 91.02% for DCNN, resulting in a 1.81% improvement over the top baseline model, LSAN.
As the NTS increases, the proposed model continues to outperform others at 120 million NTS, it reaches a precision of
98.79%, surpassing DCNN’s 96.64% by 2.15%. This consistent enhancement in precision underscores the robustness of the
proposed model, especially as dataset size increases. Improved precision in ATRT classification is critical in clinical contexts,
as it reduces false positives and ensures timely and accurate diagnoses and treatments for patients.

The enhanced precision effectiveness of the proposed model can be ascribed to its advanced multimodal strategy, which
utilizes various medical imaging and genomic sequencing techniques. This holistic approach enables the model to capture
intricate features of ATRT, resulting in more precise predictions. Furthermore, the integration of cutting-edge machine
learning algorithms and time series forecasting methods, such as VARMAX, boosts the model’s effectiveness by predicting
potential future brain disorders, facilitating early intervention. In conclusion, the precision results highlight the superiority
of the proposed model over existing ones, emphasizing its potential to significantly improve diagnostic and prognostic
capabilities for ATRT. This heightened precision positively influences clinical outcomes by ensuring more accurate and
timely detection and prognosis, ultimately enhancing patient care. Similarly, model accuracy is compared in Figure 4.
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Fig. 4 Observed Accuracy to classify multimodal samples into ATRT Instance Class Sets

The proposed model consistently surpasses LSAN [4], SPN [14], DCNN [26] in accu- racy across various NTS scenarios.
For example, with 7 million test samples (NTS), it achieves an accuracy of 91.06%, compared to 90.44% for LSAN, 88.58%
for SPN, and 90.92% for DCNN, marking a 0.62% improvement over LSAN. As the NTS increases, the proposed model
maintains its higher accuracy. At 120 million NTS, it reaches an accuracy of 98.91%, while DCNN, the leading baseline,
scores 92.98%. This repre- sents a significant 5.93% increase in accuracy, highlighting the model’s robustness and scalability
as the dataset expands.

Clinical impacts the observed accuracy is of paramount importance in clinical settings, as it directly influences the reliability
of ATRT diagnosis and prognosis. The higher the accuracy, the more confident clinicians can be in the model’s abil- ity to
correctly classify ATRT instances among multimodal samples. The impact of the improved accuracy is profound. It ensures
that a higher percentage of patients receive accurate ATRT diagnoses, reducing the chances of false negatives and missed
diagnoses. Early and accurate detection of ATRT is critical for timely and appropri- ate treatment, potentially leading to
better clinical outcomes and improved patient survival rates.

Moreover, the proposed model’s enhanced accuracy also aids in the reliable prog- nosis of ATRT. Accurate prognosis helps
clinicians anticipate disease progression and plan personalized treatment strategies for patients. It allows for more proactive
man- agement of pathological progressions, further improving patient care and outcomes. The increased accuracy of the
proposed model stems from its integrated multimodal strategy, which combines different medical imaging and genomic
sequencing methods. This strategy enables the model to gather detailed and complementary insights from various sources,
resulting in improved classification accuracy. Furthermore, the incor- poration of advanced machine learning methods and
time series forecasting methods, such as VARMAX, enhances the model’s ability to generate precise predictions. Recall
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levels are similarly depicted in Figure 5.
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Fig. 5 Observed Recall to classify multimodal samples into ATRT Instance Class Sets

When examining recall values across different models, the proposed model con- sistently outperforms LSAN [4], SPN [14],
and DCNN [26] in various NTS scenarios. For example, with 7 million test samples (NTS), it achieves a recall of 96.642%,
while LSAN, SPN, and DCNN reach 90.951%, 93.556%, and 90.68%, respectively, indicat- ing a significant 5.092%
improvement over the top baseline model, LSAN. As the NTS increases, the proposed model’s recall advantage becomes
even more evident. At 120 million NTS, it achieves a recall of 95.5%, compared to DCNN’s 89.126%, mark- ing a
noteworthy 6.374% increase. This highlights the proposed model’s strength and dependability in detecting ATRT instances,
even when working with larger datasets. Clinical impacts the observed recall is of paramount importance in clinical settings,
especially in the context of ATRT diagnosis. A high recall rate ensures that the model is capable of correctly identifying a
significant portion of ATRT cases among multimodal samples. The clinical impact of improved recall is substantial. It
reduces the chances of false negatives, where actual ATRT cases are mistakenly classified as non-ATRT. This is critical in
the context of cancer diagnosis, as failing to detect ATRT can delay treatment and negatively impact patient outcomes. By
achieving higher recall rates, the proposed model contributes to earlier and more accurate ATRT detection. This, in turn,
facilitates timely intervention and treatment, potentially improving patient survival rates and overall prognosis.

The improved recall of the proposed model is primarily due to its advanced mul- timodal strategy, which integrates various
medical imaging and genomic sequencing methods. This enables the model to capture a wider range of ATRT characteristics,
enhancing its effectiveness in identifying disease instances. Furthermore, sophisticated machine learning technigues and time
series forecasting methods, like VARMAX, sig- nificantly boost recall by providing accurate predictions from multimodal
data. Figure 6 also presents the delay associated with the prediction process.
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Fig. 6 Observed Delay to classify multimodal samples into ATRT Instance Class Sets

The proposed model consistently achieves lower computational delay than LSAN [4], SPN [14], and DCNN [26] across
various NTS scenarios. For example, at 7 million NTS, the model’s delay is 100.403 ms, compared to LSAN, SPN, and
DCNN at 127.482 ms, 115.781 ms, and 105.812 ms, respectively, reducing delay by 27.079 ms over DCNN. As NTS grows
to 120 million, the model’s delay advantage continues, reaching 109.565 ms versus DCNN’s 117.008 ms, highlighting its
efficiency with larger datasets. Clinical impacts the observed delay in diagnostic processes can have significant clinical
impacts. A shorter delay means that medical professionals can access and act upon diagnostic results more rapidly, leading
to quicker treatment decisions for patients. Reduced delay is particularly critical in the context of ATRT diagnosis. A faster
diagnostic process enables early identification of ATRT cases, which can be crucial for initiating timely treatment and
improving patient outcomes. Delayed diagnosis, on the other hand, can lead to delays in treatment, potentially allowing the
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tumor to progress, which can negatively impact patient prognosis.The proposed model’s ability to achieve shorter delays is
attributed to its efficient integration of advanced machine learning models and time series forecasting techniques, such as
VARMAX. These techniques allow the model to make accurate predictions swiftly, expediting the diagnostic process.

Furthermore, the model’s multimodal approach, combining various medical imag- ing and genomic sequencing modalities,
ensures that the diagnostic process remains efficient even when handling diverse and complex data sources. In conclusion,
the observed delay results highlight the efficiency of the proposed model in providing rapid diagnostic predictions for ATRT
instances. This reduction in delay has substantial clinical implications, including faster treatment decisions, early ATRT
detection, and improved patient outcomes, ultimately advancing the field of ATRT diagnosis and treatments. Similarly, the
AUC levels can be observed from Figure 7 as follows,

— NN 4] — G 1A

DCNN [26] w—This VWO

Fig. 7 Observed AUC to classify multimodal samples into ATRT Instance Class Sets

The Area Under the Curve (AUC) is essential for assessing model performance in classifying multimodal samples into ATRT
instance classes, reflecting how well a model distinguishes positive from negative cases. In clinical diagnostics, a high AUC
indicates more accurate ATRT detection. Results show AUC values for different mod- els, including LSAN [4], SPN [14],
DCNN [26], and the proposed model across various test sample sizes (NTS). The proposed model consistently surpasses
LSAN, SPN, and DCNN in AUC across all NTS scenarios. At 7 million NTS, the proposed model achieves an AUC of
88.14, outperforming LSAN, SPN, and DCNN with AUCs of 80.59, 79.63, and 75.47, respectively—a 7.55-point
improvement over LSAN, the best base- line. As NTS grows, this advantage increases; for example, at 120 million NTS, the
proposed model reaches an AUC of 93.61, surpassing DCNN’s 84.54 by 9.07 points, highlighting its superior ATRT
classification ability.

AUC is crucial in ATRT diagnosis, where a higher AUC reflects the model’s ability to accurately detect ATRT cases,
minimizing false negatives and enhancing diag- nostic accuracy. For ATRT, precise diagnosis is essential for prompt and
effective treatment. A high-AUC model helps ensure fewer missed cases, supporting early inter- vention and better patient
outcomes. Baseline models like LSAN, SPN, and DCNN, with lower AUCs, risk delays or missed diagnoses, impacting
patient prognosis. The proposed model’s superior AUC results from advanced machine learning and multi- modal fusion,
which capture complex ATRT patterns for enhanced discrimination. These AUC results emphasize the model’s strong
clinical relevance for accurate ATRT diagnosis, ultimately improving patient care. Specificity levels are similarly shown in
Figure 8.
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Fig. 8 Observed Specificity to classify multimodal samples into ATRT Instance Class Sets

Observed specificity is an essential metric for assessing models that classify mul- timodal samples into ATRT (Atypical
Teratoid Rhabdoid Tumors) instance classes.
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It evaluates a model’s ability to accurately identify non-ATRT cases, or true nega- tives, which is vital in clinical settings to
prevent misdiagnosis of patients without ATRT. The results present specificity values for various models, including LSAN
[4], SPN [14], DCNN [26], and the proposed model with varying test sample sizes (NTS). An analysis of specificity values
shows that the proposed model consistently outper- forms LSAN, SPN, and DCNN in different NTS conditions. At 7 million
NTS, the proposed model reaches a specificity of 86.65, outperforming LSAN, SPN, and DCNN, which have specificities
of 81.49, 78.97, and 83.66, respectively. This advantage high- lights the model’s effectiveness in accurately identifying true
negatives, minimizing false positives in ATRT diagnosis. As NTS increases, this specificity benefit becomes more
pronounced.

For instance, at 120 million NTS, the proposed model achieves a high specificity of 96.03, compared to DCNN’s 83.84 a
notable 12.19-point improvement, demon- strating its enhanced accuracy in classifying non-ATRT cases. Clinical impacts
for specificity is a critical metric in clinical settings, particularly in ATRT diagnosis. High Specificity ensures that patients
who do not have ATRT are not subjected to unnecessary treatments or interventions, reducing the risk of misdiagnosis and
its asso- ciated psychological and financial burdens. The proposed model’s superior Specificity is attributed to its advanced
machine learning paradigms and multimodal fusion tech- niques. By integrating multiple modalities and leveraging advanced
machine learning models, the proposed model can effectively differentiate non-ATRT cases from ATRT cases, reducing the
likelihood of false positives in diagnosis.

In conclusion, the observed specificity results highlight the proposed model’s improved capability to accurately identify non-
ATRT cases, which is crucial for pre- venting misdiagnoses and ensuring that patients receive the necessary care. This
improved specificity has meaningful clinical benefits, helping reduce unnecessary pro- cedures and related stress for patients
and families. The following section examines the pre-emption efficiency of the proposed model across different scenarios.
Table 1 presents the categorization process of diverse multimodal data inputs into specific groups, representing distinct cases
of Atypical Teratoid Rhabdoid Tumor (ATRT), a rare pediatric brain cancer.

Table 1 Comparative Analysis of Multimodal classification of Instance Class sets

e  Metric e LSA e SPN e DCN e Proposed Work
N N

e  Precision(%) e 038 e 895 e 0102 e 0563
2 4

e Accracy(%) e 904 e 885 e 9092 e 91.06
4 8

e Recall(%) e 909 e 035 e 90.68 e 96.64
5 5

e Delay(ms) o 127 e 115 e 1058 e 100.40
48 78 1

o AUC(%) e 805 e 796 o 7547 e 8814
9 3

Specificity(%| o 814| o 789| o 8366 e 86.65
9 7

4.7 Pre-emption Analysis

While the proposed model demonstrates enhanced classification efficiency, its pre- dictive capabilities require evaluation
under real-time conditions. This efficiency was assessed using metrics such as precision, accuracy, recall, specificity, and
AUC, and compared with existing models in similar contexts. For instance, Figure 9 illustrates the precision achieved during
ATRT condition prediction across different scenarios.
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Fig. 9 Observed Precision to pre-empt ATRT Classes from Multimodal Clinical Input Scans

Observed precision is crucial for evaluating a model’s performance in pre-empting ATRT (Atypical Teratoid Rhabdoid
Tumors) cases. This metric measures the model’s accuracy in identifying true positives, ensuring ATRT patients receive
prompt and accurate diagnoses. The results compare precision values for various models, including LSAN [4], SPN [14],
DCNN [26], and the proposed model with varying sample sizes (NTS). The proposed model consistently surpasses LSAN,
SPN, and DCNN in preci- sion across all NTS scenarios. For instance, at 7M NTS, it achieves 90.47 precision, outperforming
LSAN (79.77), SPN (81.56), and DCNN (85.97), showing improved true positive identification and fewer missed ATRT
cases. At 120M NTS, the proposed model maintains high precision at 92.59, slightly ahead of DCNN’s 92.50, highlighting
its robust ability to pre-empt ATRT cases effectively.

Clinical impacts the precision of paramount importance in clinical settings, espe- cially in ATRT diagnosis. High Precision
ensures that patients with ATRT are correctly identified, leading to timely and accurate treatment. False alarms and missed
cases can have severe consequences, including delayed treatment and poorer patient outcomes. The proposed model’s
superior Precision is attributed to its advanced machine learning paradigms, multimodal fusion techniques, and time series
forecasting. By integrating multiple modalities and leveraging advanced machine learning models, the proposed model can
effectively pre-empt ATRT cases, reducing the risk of missed diagnoses and enabling early intervention.

In clinical settings, early and accurate ATRT pre-emption can greatly improve patient survival and outcomes. Timely
interventions lead to better prognoses and enhance quality of life for patients and their families. The observed precision
results emphasize the proposed model’s strong ability to pre-empt ATRT cases, reducing missed diagnoses and false alarms.
This enhanced precision has significant clinical ben- efits, ensuring patients receive timely, accurate treatment, thereby
improving recovery prospects and long-term well-being. Likewise, model accuracy comparisons are shown in Figure 10.
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Fig. 10 Observed Accuracy to pre-empt ATRT Classes from Multimodal Clinical Input Scans

Observed accuracy is a vital metric for evaluating the performance of models in pre-empting ATRT (Atypical Teratoid
Rhabdoid Tumors) cases. It reflects the overall correctness of predictions, encompassing both true positives and true
negatives. In clinical settings, high accuracy is crucial for effectively identifying ATRT cases, which helps reduce false
alarms and missed diagnoses. The results presented include accuracy values for various models, such as LSAN [4], SPN
[14], and DCNN [26] the proposed model, across different test sample sizes (NTS). The accuracy comparison shows that the
proposed model consistently outperforms LSAN, SPN, and DCNN in various NTS scenarios, particularly for ATRT pre-
emption. For example, with an NTS of 7 million, the proposed model attains a accuracy of 86.35, while LSAN, SPN, and
DCNN have accuracies of 82.83, 80.80, and 75.15, respectively. This indicates a higher effectiveness in pre-empting ATRT
cases, reducing false positives and missed diagnoses. As NTS grows, the proposed model’s advantage becomes clearer; at
120 million NTS, it reaches

95.25 accuracy, surpassing DCNN by 2.75 points, highlighting its accuracy in pre- empting ATRT cases.
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Clinical impacts for accuracy of paramount importance in clinical practice, espe- cially in pre-empting ATRT cases. High
Accuracy ensures that patients are correctly identified as either having ATRT or not, leading to timely and accurate treatment
decisions. Reducing false positives and missed cases is critical in preventing unneces- sary treatments and ensuring that
patients with ATRT receive appropriate care. The proposed model’s superior Accuracy is attributed to its advanced machine
learning paradigms, multimodal fusion techniques, and time series forecasting. By integrating multiple modalities and
leveraging advanced machine learning models, the proposed model can accurately pre-empt ATRT cases, reducing the risk
of false alarms and missed diagnoses. In clinical practice, accurate pre-emption of ATRT can significantly impact patient
outcomes and healthcare resources. Avoiding unnecessary treatments and ensuring that patients receive appropriate care can
lead to improved prognoses, reduced healthcare costs, and enhanced quality of life for patients and their families. Similar to

this, the recall levels are represented in figure 11 as follows,
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Fig. 11 Observed Recall to pre-empt ATRT Classes from Multimodal Clinical Input Scans

The measured recall is an important indicator for evaluating how effectively models pre-empt ATRT (Atypical Teratoid
Rhabdoid Tumors) instances. Recall assesses a model’s ability to accurately identify all true positive cases among actual
positives. In clinical settings, achieving a high recall is crucial for accurately pre-empting ATRT cases and minimizing
missed diagnoses. The results presented detail the recall values for various models, including LSAN [4], SPN [14], DCNN
[26], and the proposed model (This Work), across different numbers of test samples (NTS).

When comparing recall values among the models, it is clear that the proposed model consistently surpasses LSAN, SPN, and
DCNN in recall across various NTS scenarios, particularly regarding pre-emption. For example, at 7M NTS, the proposed
model attains a recall rate of 89.21, compared to 85.76 for LSAN, 80.24 for SPN, and 80.90 for DCNN. This indicates that
the proposed model is more effective in identifying ATRT cases, thereby reducing the chances of missed diagnoses. As the
NTS increases, the proposed model’s recall advantage becomes even more significant. For instance, at 120M NTS, it
maintains a high recall of 99.19, while DCNN, the leading baseline, has a recall of 86.11. This marks a noteworthy 13.08
point improvement in recall for the proposed model, highlighting its efficacy in accurately pre-empting ATRT cases.

Clinical impact for recall of paramount importance in clinical practice, especially in pre-empting ATRT cases. High recall
guarantees that a large number of ATRT cases are accurately detected, minimizing the risk of missed diagnoses and
facilitating prompt treatment. The proposed model’s superior Recall is attributed to its advanced machine learning paradigms,
multimodal fusion techniques, and time series forecasting. By integrating multiple modalities and leveraging advanced
machine learning models, the proposed model can effectively pre-empt ATRT cases, reducing the risk of missed diagnoses.

In clinical practice, accurate pre-emption of ATRT can significantly impact patient outcomes and healthcare resources.
Identifying ATRT cases early enables prompt treatment and intervention, potentially improving patient survival rates and
quality of life. Additionally, reducing missed diagnoses can lead to more efficient resource allo- cation and cost savings in
the healthcare systems. Figure 12 presents a table outlining the prediction process delay.
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Fig. 12 Observed Delay to pre-empt ATRT Classes from Multimodal Clinical Input Scans

The observed delay is a crucial metric for evaluating the pre-emption of ATRT (Atypical Teratoid Rhabdoid Tumors)
instance class sets. It gauges the duration required for a model to produce predictions, with shorter delays being ideal for
facili- tating faster decision-making and prompt treatment initiation in clinical environments. The results shown include
Delay values for various models, such as LSAN [4], SPN [14], DCNN [26], and the proposed model (This Work), across
different test sample sizes (NTS).

When comparing delay values among the models, the proposed model consistently demonstrates shorter delays than LSAN,
SPN, and DCNN across various NTS scenar- ios, particularly in pre-emption. For instance, at an NTS of 7M, the proposed
model’s Delay is 100.58 ms, while LSAN, SPN, and DCNN have delays of 126.91 ms, 122.75 ms, and 107.15 ms,
respectively. This indicates that the proposed model facilitates faster predictions, allowing for quicker clinical decisions. As
NTS increases, this advantage becomes more evident; for example, at 120M, the proposed model achieves a Delay of 109.81
ms compared to DCNN’s 118.29 ms, marking an 8.48 ms improvement and highlighting its efficiency in swiftly pre-empting
ATRT cases.

Clinical impacts the Observed Delay metric has direct clinical impacts, especially in the context of pre-empting ATRT cases.
Shorter delays mean that the proposed model can provide predictions rapidly, reducing the time between medical imaging
or genomic sequencing and the availability of diagnostic results. In clinical practice, shorter delays can lead to several
benefits:

1. Quicker Treatment Initiation: A shorter delay allows healthcare professionals to initiate treatment more promptly
in cases where ATRT is suspected or detected. Rapid treatment initiation can improve patient outcomes and
potentially save lives.

2. Reduced Patient Anxiety: Patients and their families often experience anxiety while waiting for diagnostic results.
Shorter delays can alleviate this anxiety by providing quicker answers, reducing emotional distress.

3. Optimized Resource Utilization: Quicker diagnoses can lead to more effi- cient resource allocation within
healthcare facilities. Resources can be directed towards confirmed ATRT cases, ensuring that patients receive the
necessary care and reducing unnecessary resource wastage.

4. Streamlined Clinical Workflow: Shorter delays can improve the overall work- flow of healthcare providers,
allowing them to focus on patient care and treatment planning rather than waiting for diagnostic results.

In summary, the observed delay results demonstrate that the proposed model excels in rapidly pre-empting ATRT cases,
emphasizing minimized delays in diagnostics. This reduction in Delay can lead to notable clinical benefits, including quicker
decision- making, faster treatment initiation, decreased patient anxiety, and better resource management in healthcare.
Additionally, AUC levels are illustrated in Figure 13 as follows.

The Observed AUC (Area Under the Curve) is essential for evaluating a model’s effectiveness in distinguishing ATRT cases,
with a higher AUC reflecting better iden- tification accuracy. In ATRT diagnosis, a higher AUC suggests improved detection
of potential cases. The results display AUC values for various models, including LSAN [4], SPN [14], DCNN [26], and the
proposed model (This Work), across different test sample counts (NTS), underscoring the clinical significance of these AUC
outcomes.

1. Model Comparison: The AUC values for the proposed model (This Work) con- sistently outperform or are
competitive with the baseline models (LSAN, SPN,
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Fig. 13 Observed AUC to pre-empt ATRT Classes from Multimodal Clinical Input Scans

DCNN) across different NTS scenarios. This indicates that the proposed model is effective at pre-empting ATRT cases and
has good discriminative power.

2. Emphasis on Pre-emption: A high AUC implies that the proposed model is better at correctly classifying ATRT
cases as positive and non-ATRT cases as neg- ative. This emphasis on pre-emption is crucial in clinical practice
because it helps identify potential ATRT cases early, allowing for timely intervention and treatment.

3. Clinical Impacts:

e Early Detection: A high AUC indicates that the model can detect ATRT cases early in the diagnostic process. Early
detection is vital in oncology, as it can lead to better treatment outcomes and potentially improved survival rates.

o Reduced False Positives: A high AUC also suggests that the model is good at
minimizing false-positive results. This is important in clinical practice to avoid unnecessary treatments and patient distress.

e Optimized Resource Allocation: When a model has a high AUC, healthcare

resources can be efficiently allocated to patients with a higher likelihood of hav- ing ATRT. This optimizes resource usage
and ensures that patients receive the necessary care promptly.

e Improved Clinical Workflow: High AUC values contribute to a more effi-cient clinical workflow by reducing the
need for additional tests or consultations. Clinicians can make more confident decisions based on the model’s
predictions.

4 NTS Impact: It’s worth noting that as NTS increases, the AUC values remain consistently high for the proposed
model. This indicates that the model’s perfor- mance in pre-empting ATRT remains robust even when dealing with
larger datasets, which is crucial for scalability in clinical settings.

In summary, the observed AUC results highlight the proposed model’s strength in early ATRT detection and its ability to

minimize false positives. This contributes sig- nificantly to clinical outcomes by supporting timely intervention, optimizing
resources, and streamlining diagnostic workflows in ATRT care. Similarly, Specificity levels are presented in Figure 14.

- LSAN [4] - SPN [14)

—e (DCNN [26]) - This Work

1L2AQND .00
L10OM D SaDO

1LOOM - 90.00

> )
S96M 1

o1
25M
sSE3MnMn

76MnM

7amn

Fig. 14 Observed Specificity to pre-empt ATRT Classes from Multimodal Clinical Input Scans

The observed specificity is an essential metric for evaluating model performance in predicting ATRT (Atypical Teratoid
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Rhabdoid Tumors) instance class sets, particu- larly regarding the reduction of false positives. Specificity assesses a model’s
capacity to accurately identify non-ATRT cases as negative. In the context of ATRT, main- taining high specificity is crucial
to ensure that patients without the condition are not incorrectly labeled as having it. Below is an overview of the Observed
Specificity results and their implications for clinical practice:

1

Model Comparison: The Observed Specificity values for the proposed model (This Work) are consistently
competitive with or outperform the baseline mod- els (LSAN, SPN, DCNN) across different numbers of test samples
(NTS). This indicates that the proposed model is effective at minimizing false positives when pre-empting ATRT
cases.

Emphasis on Pre-emption: Specificity places a strong emphasis on minimiz- ing false positives. In the context of
ATRT, this is crucial because misclassifying a patient as having ATRT when they do not can lead to unnecessary
stress, treat- ments, and costs. Therefore, high specificity is essential for pre-emption, ensuring that only patients who
are likely to have ATRT receive further diagnostic evaluation and treatment.

3 Clinical Impacts:

Reduced False Positives: High specificity means that the model is successful in minimizing the number of non-
ATRT cases incorrectly classified as ATRT. This reduces the chances of patients receiving incorrect diagnoses and
treatments.

Minimized Unnecessary Tests: High specificity leads to a more efficient clinical workflow by reducing the need
for additional tests and consultations for patients without ATRT. Clinicians can have greater confidence in negative
predictions.

Optimized Resource Allocation: Efficient resource allocation is achieved when the model minimizes false
positives. Healthcare resources can be directed toward patients who are more likely to have ATRT, improving
resource efficiency.

Improved Patient Experience: Minimizing false positives helps reduce unnec-essary stress and anxiety for
patients and their families, as they are less likely to receive false alarms about having a serious medical condition.

NTS Impact: The proposed model’s high specificity remains consistent even as the number of test samples (NTS)
varies. This demonstrates the model’s robustness in minimizing false positives across different dataset sizes, which
is essential for clinical scalability levels.

In summary, the Observed Specificity results indicate that the proposed model is effective at pre-empting ATRT cases while
minimizing false positives. This has sig- nificant clinical impacts, including reducing unnecessary tests, optimizing resource
allocation, and improving the overall patient experience by minimizing false alarms in clinical scenarios. Table 2 illustrates
the proactive process of identifying and predict- ing specific classes or subtypes of Atypical Teratoid Rhabdoid Tumor
(ATRT) using various clinical imaging data. This preemptive method likely utilizes machine learning or artificial intelligence
techniques to analyze diverse scans like MRI or CT images.

Table 2 Comparative Analysis of Pre-emption ATRT Classes from Multimodal Clinical Input scans

e  Metric e LS e SP e DC e Proposed
AN N NN Work
e  Precision(| o 79 o 81. o 85, o 9047
%) 77 56 97
e Accracy( o 82 e 80. o 75 e 86.35
%) 83 80 15
e Recall(%) o 85 e 80. e 80. e 8921
76 24 90
e Delay(ms o 12 o 12 e 107 e 100.58
) 6.9 2.7 15
1 5

5. DISCUSSION

The MDPATRTF model advances ATRT detection and prognosis by using multimodal data and machine learning, but its
implementation in clinical settings poses challenges.

1 Integration into Clinical Workflows: Introducing the model into existing sys- tems may be difficult due to varying
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protocols, technology, and data systems, requiring careful planning for compatibility with healthcare infrastructure.

2 Training and User Acceptance: Successful use depends on thorough training for healthcare providers to understand the
model’s outputs and benefits, impacting user acceptance.

3 Data Quality and Availability: The model’s effectiveness is tied to data qual- ity and availability, necessitating
comprehensive, accurate datasets for reliable predictions.

4  Ethical Considerations: Ethical issues like privacy, security, and bias must be proactively addressed, ensuring
compliance with standards and transparency in decision-making.

5 Future Directions: Further research is needed to refine the model and ease its clinical integration, with collaboration
between machine learning experts and healthcare professionals being crucial.

6. CONCLUSION

In this study, we have presented a novel and highly effective approach for the clas- sification and pre-emption of Atypical
Teratoid Rhabdoid Tumors (ATRT) using multimodal data samples. The critical nature of ATRT diagnosis and the need for
timely intervention prompted our exploration into improving the accuracy of ATRT classification while minimizing false
positives.

Our proposed model, referred to as ”This Work,” showcases remarkable perfor- mance across various evaluation metrics,
offering significant advancements in the field of ATRT diagnosis. Here, we summarize our findings and highlight the
advantages, impacts, and potential applications of our work:

o Exceptional Classification Accuracy: The proposed model consistently out- performs existing baselines, including
LSAN, SPN, and DCNN, in classifying multimodal samples into ATRT Instance Class Sets. With high Observed
Preci- sion, Accuracy, Recall, and AUC, our model demonstrates its ability to precisely identify ATRT cases, enabling
more accurate diagnoses.

o Emphasis on Pre-emption: Our work places a strong emphasis on pre-emptive diagnosis, specifically focusing on
minimizing false positives. High Observed Specificity underscores the model’s capacity to distinguish non-ATRT
cases cor- rectly. This emphasis ensures that patients without ATRT are not subjected to unnecessary stress,
treatments, or costs.

e Clinical Impacts:

e Reduced False Positives: Our model’s high specificity leads to a reduction in false positives, minimizing the
chances of incorrect diagnoses for patients.

e Optimized Resource Allocation: By efficiently directing resources toward likely ATRT cases, our model improves
resource allocation within healthcare systems.

¢ Enhanced Patient Experience: Fewer false alarms reduce patient anxiety and contribute to a more positive patient
experience in clinical scenarios.

e Robust Scalability: Our model’s performance remains consistent across varying numbers of test samples (NTS),
demonstrating its scalability and utility in clinical settings of different sizes.

e Future Scopes: The success of our approach opens the door to several promising avenues for future research. Further
refinement of our model could lead to even higher accuracy and greater efficiency in ATRT diagnosis.

o Real-world Applications: Our proposed approach has the potential for widespread applications in the clinical setting.
It can serve as a valuable tool for radiologists, oncologists, and healthcare providers, aiding in the early and accurate
identification of ATRT cases. Additionally, our model’s emphasis on minimizing false positives ensures that resources
are allocated judiciously for different use cases.

In conclusion, our work represents a significant step forward in the accurate diag- nosis and pre-emption of ATRT. By
combining multimodal data and emphasizing precision and specificity, we have developed a robust model with real-world
clinical impacts. Our approach not only benefits healthcare professionals in their decision- making process but also enhances
the overall patient experience. We believe that our work will pave the way for improved ATRT diagnosis, contributing to
better patient outcomes and streamlined healthcare resource allocation operations.

7. LIMITATIONS

The study on Atypical Teratoid Rhabdoid Tumors (ATRT) using a multimodal diag- nostic approach, while innovative,
encounters several limitations. Firstly, the reliance on advanced machine learning models such as Graph Neural Networks
(GNNSs), Recurrent Neural Networks (RNNSs), Generative Adversarial Networks (GANSs), and Convolutional Neural
Networks (CNNs) require significant computational power and expertise, which may restrict their use in resource-limited
environments.
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Secondly, the integration of diverse medical imaging and genomic sequencing modalities, although comprehensive, might
introduce complexities in data interpreta- tion and analysis. The accuracy of these models is highly dependent on the quality
and volume of the data, which could vary significantly across different medical institutions & clinical scenarios. Thirdly, the
use of sophisticated models like Vector AutoRegres- sive Moving Average with Exogenous Inputs (VARMAX) for
forecasting potential future brain diseases might not fully account for the unpredictability and complexity of cancer
progression, leading to potential inaccuracies in detection of disease types.

Furthermore, the generalizability of the findings may be limited due to potential variations in tumor characteristics among
different patient populations. The study’s approach might require customization to accommodate diverse genetic,
environmental, and lifestyle factors influencing ATRT manifestation sets. Finally, ethical and privacy issues regarding the
management of sensitive patient information, particularly genomic data, present substantial challenges. It’s essential to
safeguard data security and main- tain patient confidentiality, especially when combining various high-throughput data
sources.

8. FUTURE SCOPE

Although this study has yielded significant advancements in classifying and pre- empting Atypical Teratoid Rhabdoid
Tumors (ATRT), there are numerous promising directions for future research and development to improve ATRT diagnosis
and management. Below, we highlight several key areas for exploration:

1 Integration of Additional Data Modalities: Expanding the multimodal data used for diagnosis to include genomic,
proteomic, and clinical data could provide a more comprehensive understanding of ATRT. Integrating these diverse
data types into the analysis may unveil novel insights and biomarkers that contribute to early detection and
personalized treatment strategies.

2 Explainable Al (XAl) for Clinical Adoption: Creating explainable Al meth- ods for ATRT diagnosis is essential
to build trust among healthcare professionals. Future studies should aim to enhance the transparency and
interpretability of Al decision-making, helping clinicians comprehend the reasoning behind specific diagnoses or
pre-emptions.

3 Advanced Imaging Techniques: Leveraging cutting-edge imaging technologies such as functional MRI, diffusion
tensor imaging, and dynamic contrast-enhanced MRI can provide richer and more precise data for ATRT diagnosis.
Exploring the integration of these advanced imaging modalities into the diagnostic pipeline may further improve
accuracy.

4  Longitudinal Data Analysis: Incorporating longitudinal data, tracking changes in patients’ multimodal data over
time, can enable the detection of ATRT at even earlier stages or assess treatment responses more comprehensively.
Longitudinal studies can also contribute to understanding the disease’s progression and inform personalized
treatment plans.

5 Collaborative Al in Healthcare: Facilitating collaborations between Al models across different healthcare
institutions can lead to the creation of more robust and generalized models. Federated learning and secure data
sharing techniques can be explored to improve the performance of ATRT diagnosis models.

6 Clinical Trials and Validation: Conducting large-scale clinical trials and valida- tions of Al-based ATRT
diagnosis models is essential for their adoption in real-world clinical settings. Future research should focus on
gathering extensive datasets and collaborating with medical institutions to rigorously test and validate these models.

7 Telemedicine and Remote Diagnosis: Expanding the use of Al for ATRT diagnosis in telemedicine and remote
healthcare settings can improve access to expertise in underserved areas. Developing Al tools that can operate
efficiently with minimal data transfer and computational resources will be critical in this context.

8 Patient-Centric Approaches: Involving patients in the development and refine- ment of Al tools for ATRT
diagnosis can lead to more patient-centric solutions. Incorporating patient-reported outcomes and preferences can
enhance the overall patient experience levels.

In summary, the future of ATRT diagnosis holds great promise with the continued advancement of Al and multimodal data
analysis. Researchers, clinicians, and Al practitioners should collaborate to explore these avenues of future scope, ultimately
working toward more accurate, accessible, and patient-centered ATRT diagnosis and management process.
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Appendix A List of Abbreviations
Nomenclature  Description

ATRT Atypical Teratoid Rhabdoid Tumor
MRI Magnetic Resonance Imaging

CT Computed Tomography

BraTS Brain Tumor Segmentation

GNN Graph Neural Networks

GAN Generative Adversarial Networks
CNN Convolutional Neural Networks
RNN Recurrent Neural Networks

Vector AutoRegressive Moving Average with Exogenous

VARMAX Inputs
PET Positron Emission Tomography

DTI Diffusion Tensor Imaging

BiLSTM Bidirectional Long Short-Term Memory
VGG Visual Geometry Group

ReLU Rectified Linear Unit

VMA Vector Moving Average

LSAN Local Self-Attention Network

SPN Spatial Pyramid Network

DCNN Deep Convolutional Neural Networks
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NTS Number of Test Samples
AUC Area Under the Curve
SBTC-Net Secured Brain Tumor Classification Network
AR Augmented Reality
HOLOTumor Holographic Tumor
loMT Internet of Medical Things
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