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ABSTRACT
Accurate lung cancer classification in magnetic resonance imaging (MRI) remains challenging
due to the difficulty in detecting cancerous patterns. In response, this study introduces an
attention-based VGG19 neural network for enhanced classification performance. Leveraging
the VGG19 architecture’s deep learning capabilities, our model incorporates attention mecha-
nisms to selectively emphasize salient features during training. The attention-based approach
addresses the challenge of discerning subtle patterns indicative of malignancy, significantly
improving classification accuracy.We train andevaluate themodel on adiverse dataset, ensuring
its capacity to generalize across various patient cases. The attention mechanism proves effec-
tive in prioritizing critical regions within MRI scans, enhancing sensitivity and specificity in lung
cancer detection. Additionally, we employ gradient analysis to interpret the decision-making
process, providing valuable insights into influential features. Results demonstrate the proposed
model’s superiority over baseline approaches, showcasing its efficacy in inaccurate lung cancer
classification. The attention-based VGG19 neural network not only advances classification capa-
bilities but also offers interpretability crucial for gaining trust in automated diagnostic systems.
This research contributes a robust solution to a pressing medical imaging challenge, holding
promise for practical implementation in clinical settings to support radiologists in timely and
accurate lung cancer diagnosis.
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1. Introduction

Lung carcinoma, another name for lung cancer, is a
dangerous lung tumor characterized by unchecked lung
cell proliferation. Deep learning (DL) has grown in
prominence in the field of medical imaging, partic-
ularly in the processing of MRI data. MRI scans are
essential for diagnosing diseases, but so far, only brain
studies have used them. Exams of the lungs are now
being included in this modality. In the context of lung
research, an MRI scan records the patient’s thoracic
region without the use of radioactive chemicals, tak-
ing 15–90min in total. With the use of this imag-
ing method, lung structures can be seen without the
need for radiation, revealing any anomalies. Notably,
pulmonary perfusion functional alterations are more
clearly seen on MRI than on Computed Tomography
(CT) scans.

The use of DL algorithms in MRI diagnostics has
been beneficial because they are known for automat-
ing image analysis and spotting patterns. They have a
keen eye for identifying unusual trends, such as can-
cers or aberrant formations, which aids in the earlier
detection of diseases. The primary advantage of DL in

MRI is its ability to swiftly and reliably analyze large
datasets. Traditional approaches that rely on radiolo-
gists’ subjectivemanual interpretation take a lot of time,
whereas DL algorithms are faster and more accurate at
making diagnoses. The use of DL in MRI to analyse
images of the pancreas, liver, and prostate, is essential
for detecting and diagnosing pancreatic cancer, liver
fibrosis, and prostate cancer. The limited availability of
labeled data, the high expense and complexity of col-
lecting MRI Images, and the unpredictability of images
owing to various imaging protocols and acquisition fac-
tors are all difficulties in using DL for MRI. The paper
recognizes new developments in convolutional neural
networks (CNNs), attention processes, and optimiza-
tion techniques, which considerably enhance the per-
formance of deep learning (DL) models in tackling the
difficulties in disease identification.

The AlexNet model is replaced by the VGG19 varia-
tion, it improves accuracy by usingDCNNand expand-
ing on concepts from its predecessors. The creation of
VGG19 was greatly aided by ImageNet, a big image
database. It encouraged scientists to develop remedies
with low percentages of top-1 and top-5 errors. The
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2014-emerging VGG19 performed admirably in this
situation and is still the go-to solution formany difficult
issues. The adaptability ofVGG19 also includes applica-
tions in categorization for various datasets. It is a useful
tool for transfer learning since it can be modified and
used in similar jobs because of its public accessibility.
In frameworks like Keras, themodel weights are readily
available, providing flexibility for experimentation and
adaption. VGG19 is also used in facial recognition tasks
and as a foundation for content and style loss estima-
tions, demonstrating its usefulness across a variety of
areas.

To better classify lung cancer, we build a neural
network based on the VGG19 architecture that incor-
porates attention mechanisms to preferentially empha-
size important signals in magnetic resonance imaging
(MRI). By utilizing the attention-based strategy, over-
come the difficulty of identifying subtle malignant pat-
terns, and improve the model’s sensitivity and speci-
ficity for diagnosing lung cancer from MRI scans. Uti-
lize approaches for gradient analysis to decipher the
model’s decision-making process, providing insights
into significant aspects and improving the overall inter-
pretability of automated lung cancer diagnosis.

Contribution of the work:

• The attention-based VGG19 neural network signif-
icantly enhances lung cancer classification accuracy
inMRI scans, addressing a critical challenge inmed-
ical imaging.

• The model’s ability to selectively emphasize salient
features improves sensitivity and specificity, demon-
strating superior performance over baseline appro
aches.

• This research provides a robust and interpretable
solution that holds promise for practical implemen-
tation in clinical settings, supporting radiologists in
timely and accurate lung cancer diagnosis.

The structure of a paper is as below:
Several studies that are relevant to our methodol-

ogy are described in section 2. The proposed method
and techniques are fully explained in Section 3. Section
4 offers experimental findings together with a com-
parison of the suggested method with alternative
approaches. The discussion of numerical metrics, the
limits of the study and future research are presented in
Section 5.

2. Related works

Moranguinho et al. [1] introduce a method for enhanc-
ing lung cancer diagnosis through Deep Convolutional
Neural Networks (DCNNs) using histopathological
images. Even though DCNNs have produced results,
complete slide images with weak annotations present
difficulties. To solve weak annotations, we provide a

unique method based on multiple-instance learning
that treats photos as collections of instances. Using this
technique, we can categorize lung tissue types even in
the absence of many region-specific annotations. Our
program seeks to automatically detect the presence of
cancer on lung biopsy slides. We also use a post-model
interpretability algorithm to confirm and illuminate the
forecasts made by our model. This study uses cutting-
edge methodologies to enhance the accuracy and inter-
pretability of automated lung cancer diagnosis.

Chen et al. [2] innovate a method for addressing the
challenge of lung cancer diagnosis using a computer-
aided approach, acknowledging the limitation of exist-
ing methods that focus on individual nodules rather
than considering sets of images as in clinical prac-
tice. The suggested method improves both diagnos-
tic accuracy and interpretability by using a multiple
instance learning (MIL) framework with radiomics
as input characteristics. The deep attention-based
MIL algorithm determines each instance’s importance
according to clinical diagnosis procedures. Perfor-
mance with tiny, unbalanced datasets is improved by
using a novel bag simulation technique for MIL. The
method’s success is shown by the results, which out-
perform those from other MIL techniques and achieve
higher interpretability. Overall, this study provides
a potential computer-aided diagnostic method with
increased precision, interpretability, and clinical appli-
cability for the identification of lung cancer.

Samarin et al. [3] successfully identified the neo-
plasms in lung CT images to combat the high mortality
rate of lung cancer. The development of a monochro-
matic CT image analysis engine for online medical
consultation services is the main objective. The sug-
gested approach achieves a significant 0.99 F1 score
by using a two-staged self-attention-based architecture.
This study adds a powerful tool for neoplasm early
identification in lungCT images, highlighting its poten-
tial benefit for increasing diagnostic precision in the
context of online medical consultations.

Tyagi et al. [4] address the urgent need for accurate
lung tumor segmentation in the context of the highest
mortality rate associated with lung cancer. We sug-
gest an automatic segmentationmethod because we are
aware of the manual workload radiologists are under
because of the COVID epidemic and the rise of cancer
patients. Despite its remarkable performance, convolu-
tional neural networks (CNNs) have trouble capturing
long-range relationships, which is why Vision Trans-
formers have been added. Our creative method strate-
gically uses convolution blocks for key features and
transformer blocks with self-attention for fine-grained
global features in an encoder-decoder framework. The
cross-entropy and dice-based losses are combined into
a single loss function used in network optimization.
Our method for advancing automated lung tumor seg-
mentation for better diagnosis and therapy analysis has
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been tested using a dataset from a nearby hospital and
trained on.

Shah et al. [5] deals with the critical issue of brain
tumors, which pose a significant health threat, often
requiring precise diagnosis and treatment. It presents a
Computer-Aided Diagnostic (CAD) system that auto-
matically segments and classifies brain tumors based on
MRI data. Accurate tumor segmentationwithin healthy
tissue and tumor categorization are two key functions
of this CAD system. The system attempts to increase
the precision and efficacy of brain tumor identifica-
tion and treatment planning by automating these pro-
cesses. The method is a noteworthy invention because
it was developed to categorize brain tumors into various
groups. It has demonstrated exceptional accuracy, sen-
sitivity, specificity, and diagnostic performance when
compared to other models that utilize MRI images.
The research proposes a thorough method for extract-
ing brain cancers fromMRI data using a convolutional
auto-encoder, enhancing tumor detection and clinical
decision-making.

Sahaya Jeniba et al. [6] focus on pulmonic nodules,
and abnormal tissue growth in the lungs, often indica-
tive of tumors. Earlier detection is essential for a longer
life expectancy. The complex lung structure makes
it difficult to diagnose using standard imaging tech-
niques. The study offers a network model for precise
computed tomography data categorization of pulmonic
nodules. Using Attention U-Net for semantic segmen-
tation, nodules are identified, and a novel Directional
Hexagonal Mixed Pattern is used to enhance texture
analysis. The proposed multilevel network in conjunc-
tion with a self-attention network allows for accurate
classification. Experimental validation by tenfold cross-
validationwithout a segmentationmask boosts reliabil-
ity by removing nodules of radiologists classified as less
than 3mm.

Singha Deo et al. [7] state the significance of
early detection of oral cancer, a prevalent and deadly
disease, particularly in emerging and low-to-middle-
income nations. The goal is to present a deep learn-
ing method called Vision Transformer that combines
a multi-head attention mechanism with a histopatho-
logical image classification model for an efficient oral
cancer diagnosis. Eight pre-trained deep learningmod-
els were compared, and Vision Transformer came out
on top, demonstrating the superiority of the sug-
gested Vision Transformer model and demonstrating
improved transferability in histopathology image cat-
egorization. This strategy shows promise for accurate
and affordable oral cancer screening in a range of
patient populations.

Brancati et al. [8] cover a key challenge in train-
ing CNN on high-resolution images, particularly in
the context of giga-pixel histopathological images.
Due to the possibility of information loss or the

prohibitive effort, existing methods for image rescaling
or individual processing of image components are inad-
equate in these circumstances. The suggested approach
focuses on binary classification, tumor growth score
prediction, and giga-pixel histopathological image
analysis utilizing weak Image-level labeling. The CNN
structure consists of a compression path, a learning
path with attention modules collecting spatial correla-
tions for detecting regions of interest, and a residual
network for feature extraction from Image patches. The
approach combines global and local data, allows for
different input image sizes, and relies only on flimsy
image-level labels. Comparative analyses of datasets
show the usefulness and validity of the suggestedmodel
in comparison to other approaches.

Han et al. [9] state the urgent need for precise
and understandable COVID-19 screening using chest
CT scans. Labeling infection sites is challenging, there
are subtle differences between COVID-19 and other
viral pneumonias in chest CT images, and 3D volumes
have complex spatial properties. The proposed method
treats each patient’s 3D chest CT as a bag of instances
and applies a patient-level label to it. To depict probable
infection zones, the method creates deep 3D instances.
It then employs attention-based pooling to gain insight
into instance contributions and learns Bernoulli distri-
butions for bag-level labels.

Teramoto [10] overcame problems with identifying
all cells by introducing a weakly supervised approach
for telling apart healthy and unhealthy lung cells in
cytological pictures. Lung cytological Images are sep-
arated into patches and kept in bags using the method,
with each bag identified as benign or malignant. When
compared to other supervised learning methods, it
achieves greater classification accuracy (0.916) thanks
to the use of a convolutional neural network model like
AlexNet. The technique also produces attention maps,
which shed light on the presence of cancerous cells.
This accurate weakly supervised method automates the
classification of cytological images without the use of
intricate annotations.

Ren et al. [11, 12] introduce UKSSL, a semi-
supervised framework for medical image classification.
It combines MedCLR for feature extraction from unla-
beled data and UKMLP for fine-tuning with limited
labeled data, achieving high performance with only
50% labeled data compared to other methods using
100% labeled data. Zhang et al. [13] explore the inte-
gration of artificial intelligence, particularly deep learn-
ing methods like convolutional neural networks, with
food category recognition. It discusses the potential
revolution in human-food interaction and provides an
overview of methods for tasks such as detecting food
type, ingredients, quality, and quantity, aiming to pro-
mote further developments in research and industrial
applications.
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3. Proposedmethod

3.1. Data collection

Our initial research efforts are focused on thoroughly
compiling a wide dataset of Magnetic Resonance
Imaging (MRI) scans, with a particular emphasis on
instances relevant to lung cancer. With this strategy,
scans fromawide range of demographics, cancer stages,
and anatomical conditions are included. The objective
is to guarantee that the dataset accurately depicts the
complexity and heterogeneity present in cases of lung
cancer. The diversity and richness of this dataset are
intended to strengthen the neural network’s ability to
classify lung cancer in MRI scans, thereby boosting the
reliability and effectiveness of our proposed solution.

3.2. Model architecture design

The suggested attention-on-based VGG-19 neural net-
work system for lung tumor identification in MRI is
designed using a detailed architectural approach to
enhance the model’s ability to notice minute patterns
suggestive of malignancy [13,26]. Figure 1 shows the
Architecture Attention-based-VGG-19 network. It has
19 layers, including 3 fully connected layers, 5MaxPool
levels, 1 SoftMax layer, and 16 convolutional (Conv)
layers. Each Conv layer employs a tiny filter size of
3∗3 pixels, enabling the input image’s fine-grained
attributes to be learned by the network. To learn a wide
variety of features, the model is trained using a sizable
dataset like ImageNet. SGD optimization using a pre-
determined batch size and learning rate is used for the
training [27]. Attention processes are added into the
network’s tailor VGG19 for the classification of lung
cancer in MRI. The algorithm can prioritize significant
elements pertinent to lung cancer patterns by focusing
on a specific portion of the input image thanks in large
part to attention mechanisms.

Additional layers and computations introduce the
attention-based approach. The Conv layer in the sug-
gested architecture is used to process the input MRI
Image. The model learns to assign attention weights to
various regions of the image depending on their rele-
vance to lung cancer patterns when the attentionmech-
anism is implemented in later layers [29]. Through
mechanisms like self-attention or spatial attention,
which weighs the contribution of each pixel in the fea-
ture map, this is accomplished. The network continues
with additional Con layers after the attention mecha-
nism in order to extract hierarchical features from the
attended regions. The local and global patterns con-
nected to lung cancer in MRI must be captured using
these Conv layers. Following are the MaxPool layers,
which condense spatial dimensions while preserving
critical data. Attention mechanisms are also added to
the completely interconnected layers that are in charge
of feature integration and classification [28]. To better

distinguish between benign and malignant patterns,
attention weights are used to draw attention to the lay-
ers’ most important properties. The last layer, SoftMax,
generates the classification’s final probability distribu-
tion (Shown in Figure 1).

3.3. Feature fusion

Our suggested lung cancer classification system incor-
porates feature fusion as a keymodification that aims to
improve performance by deviating from the usual hier-
archical feature extraction of CNN architectures After
the 2nd, 3rd and 4th Conv groups, our system pur-
posefully integrates basic feature-fusion blocks, in con-
trast to the standard approach, which includes learning
features in layers. Each feature-fusion block involves
several essential layers, including batch normalization,
dropout, and global average pooling. The blocks are
placed expressly to provide a direct link from the net-
work’s top to the output of convolutional blocks.

The goal is to make it easier for Image features
to be linked directly to the classification layer with-
out undergoing any extra processing. Our suggested
approach intentionally departs from the hierarchi-
cal feature-extraction structure seen in conventional
CNNs. The hierarchical feature-extraction mannerism
of the VGG19 architecture is negated by the feature-
fusion blocks. The technique makes sure that various
features gathered from various convolutional layers are
successfully harnessed at the same time through the
use of these well-placed blocks. This non-hierarchical
technique seeks to grasp the input more thoroughly,
especially in the complex area of lung cancer categoriza-
tion using MRI data. The feature-fusion blocks essen-
tially act as a conduit, linking various features from
different levels to the classification layer directly, greatly
enhancing the overall effectiveness of our suggested
approach.

3.4. Model training

In the case of classifying lung cancer in MRI images,
this step entails tweaking the model’s parameter to effi-
ciently catch small patterns suggestive of malignancy.
It is a crucial stage in the development of a strong and
accurate neural network. The definition of an often
referred to as the loss function lies at the center of
the training process. This function, which measures
the discrepancy between the predicted labels for each
MRI scan and the actual labels, is to be minimized. The
cross-entropy loss (Loss) denotes a frequently used loss
function for binary classification issues,

Loss = −1
n

∑n

k=1
[bk log(b̂k) + (1 − bk) log(1 − b̂k)]

(1)
Here, n represents samples count andbk refers the
ground truth label for ith sample (o for benign, 1 for
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Figure 1. Proposed Attention-based-VGG-19 network Architecture.

malignant) andb̂k represents the predicted probability
of malignancy by the proposed model. The objective is
to minimize this loss over the entire training dataset is
achieved by the stochastic gradient descent (SGD) opti-
mization algorithm. The updates to the model parame-
ters (∅) are made based on the negative gradient of the
loss function,

∅NEW = ∅old − τ∇∅Loss (2)

Where,τ learning is referred as, a hyperparameter
determines the step size during parameter updates. The
negative descent (∇∅Loss) guides the updates to reduce
the loss. Backpropagation is a technique used in gradi-
ent computation that effectively calculates the gradient
of the loss concerning eachmodel parameter. The chain
rule from calculus is used to propagate the error back-
wards through the layers of the neural network. The
model’s performance is then gradually enhanced by
modifying the model’s parameters using the gradient.

∇∅Loss =
(

∂Loss
∂∅1 ,

∂Loss
∂∅2 , . . . ,

∂Loss
∂∅m

)
(3)

3.5. Attentionmechanism

The attention mechanisms involved in training the
attention-based VGG19 model are extremely impor-
tant [29]. Through the use of attentionmechanisms, the
model may selectively concentrate on various areas of

the input image, improving its capacity to identify sig-
nificant elements associated with lung cancer patterns.
The spatial association found in lung MRI images is
recorded by the attention module [14]. In the VGG-
19 architecture, we specifically construct this module
after the fourth pooling layer. The attentionmechanism
employs the input tensor’s max pooling and average
pooling techniques. Subsequently, the resulting ten-
sors from these operations are concatenated, forming
an input for a convolution operation with a filter size
of 7∗7. Using the sigmoid activation function (σ ) to
perform the convolution. The resultant tensor of the
concatenation (Crs(T) has the following formal expres-
sion:

Crs(T) = σ(Fr7∗7[Trs
Avg ;T

rs
Max]) (4)

Where, Trs
AvgandT

rs
Maxrepresent the 2D tensors derived

from average and max pooling operations on the input
tensor T, respectively. This attention module effec-
tively captures spatial dependencies in lung cancerMRI
images, enhancing the model’s ability to focus on criti-
cal features during training. Multiple iterations of the
training dataset are run during the iterative training
procedure. The model becomes better at identifying
patterns linked to lung cancer when its settings are
updated. The size of the steps taken during parame-
ter updates depends on the hyperparameter learning
rate. For consistent and effective training, a learning
rate that is properly calibrated is essential [15,16]. The
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attention-based VGG-19 neural network is trained by
first defining a loss function, then using an optimization
algorithm to optimize parameters, adding an attention
mechanism to concentrate on important features, using
gradient analysis for interpretability, and finally itera-
tively improving the model’s performance [17,18]. The
algorithm improves at accurately recognizing lung can-
cer patterns in MRI data as a result of this careful
procedure.

3.6. Dataset

The research makes use of two datasets: 28 non-
small lung cancer (NSCLC) patients provided 81 T2-
weighted MRI scans, which were obtained with a 3 T
Philips Ingenia scanner both before and every week
throughout the 60 Gy treatment. Nine individuals had
up to seven MRIs produced each week as a result of
their weekly scans. The sizes of the tumors ranged
from 0.28 to 264.37 cm3. The acquisition methodology
used a 2D axial T2W turbo spin-echo sequence with
predetermined a setting that was respiratory-triggered.

As a backup, CT pictures from 377 NSCLC patients
from The Cancer Imaging Archive were used, together
with outlines drawn by a radiation oncologist. TheMRI
lung dataset consists of 25,047 2D MRIs that are coro-
nally oriented and were assembled between mid-2018
and mid-2019. It consists of 20 cystic fibrosis patients
and 33healthy participants from53 examinations. A 3D
Ultra-Short Echo time sequence with a stack-of-spirals
trajectory was used for imaging on a 3 T MRI scan-
ner (MAGNETOM prisma), emphasizing the coronal
orientation. Lung volume can be measured with the
help of imaging, which records respiratory phases dur-
ing breath-holds. Spiral read-outs and phase encod-
ing are used in the 3D UTE sequence to maximize
UTE contrast while decreasing phase encoding gra-
dient durations. This study focuses on improving the
classification of lung cancer using MRI images. Despite
its limitations, MRI can provide valuable information
for identifying lung cancer patterns, especially when
combined with advancedmachine learning techniques.
This research aims to enhance the effectiveness of MRI
in lung cancer classification, offering a complementary
approach to existing diagnostic methods.

4. Result and discussion

4.1. Experimental setup

On a powerful workstation with an 11th Gen Intel Core
processor running at 3.50GHz, an NVIDIA GeForce
RTX 3080 Ti GPU, and 64 GB of RAM, the trials for

the proposed system were conducted. For best perfor-
mance, the system ran on a 64-bit operating system
and used Python 3.9 with libraries like Sklearn and
TensorFlow.

The models were assessed using a meticulous 10-
fold cross-validation procedure. We measured var-
ious performance metrics for each round, includ-
ing sensitivity, specificity, True Positive Rate (TPR),
True Negative Rate (TNR), False Alarm Rate, Miss
Rate, accuracy, and F-1 score [19]. These metrics
were calculated based on the recorded on number of
TruePositive,FalsePositive,TrueNegative, and FalseNegativefor
each class that were recorded. It offers a comprehensive
assessment of the model’s performance across multiple
metrics [20].

On the lung cancer dataset, the suggested attention-
based -VGG19 network’s classification performance is
discussed in Section 4.2. As a result, Section 4.3 presents
the performance of the suggested attention-based -
VGG19 in the lung disease dataset. The proposed atten-
tion based-VGG19 network and existing techniques are
compared in Section 4.4.

4.2. Lung cancer classification

The total of true positives across all classes gives the
presented network an overall accuracy score of 97.2.
It demonstrates exceptional proficiency in differenti-
ating between MRI images depicting cancerous and
non-cancerous conditions [21]. The evaluation metrics
for the attention-based VGG19 model on the dataset of
lung cancer MRI highlight its impressive performance
is shown in Table 1.

Performance indicators are shown in Figure 2 for the
lung cancer classification dataset. The model’s results
for non-small lung cancer show true positive rates of
87.3, true negative rates of 96.2, false alarm rates of 51.4,
miss rates of 3.4, accuracy rates of 93.4, sensitivity rates
of 94.6, specificity rates of 94.5, and F-measure rates
of 91.2. For lung cancer, the corresponding values are
93.2, 95.1, 53.1, 8.9, 97.2, 96.2, 91.2, and 89.3. These
metrics collectively reflect the model’s performance in
accurately classifying instances of different lung cancer
types.

4.3. Lung disease classification

The proposed attention-based VGG19 attains an over-
all accuracy of 95.8, demonstrating outstanding perfor-
mance in effectively discerning betweenMRI images of
healthy volunteers and those with Cystic Fibrosis.

Table 1. Performance metrics for lung cancer classification dataset.

Dataset Types TPR TNR False Alarm Rate Miss Rate Accuracy Sensitivity Specificity F-Measure
Unit (%) (%) (%) (%) (%) (%) (%) (%)

with non-small lung cancer 87.3 96.2 51.4 3.4 93.4 94.6 94.5 91.2
with lung cancer 93.2 95.1 53.1 8.9 97.2 96.2 91.2 89.3
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Figure 2. Performance metrics of lung cancer classification.

Table 2. Performance metrics for lung disease classification dataset.

Dataset Types TPR TNR False Alarm Rate Miss Rate Accuracy Sensitivity Specificity F-Measure
Unit (%) (%) (%) (%) (%) (%) (%) (%)

Healthy volunteers 94.1 93.5 4.3 7.1 92.3 93.1 94.1 93.2
Cystic Fibrosis 95.8 97.2 7.8 3.4 97.3 97.2 92.1 94.3

Table 2 presents comprehensive performance met-
rics for the proposed attention-based VGG19 neural
network across two distinct datasets: Healthy Volun-
teers and Cystic Fibrosis.

Figure 3 demonstrates the analysis of the lung dis-
ease dataset with various metrics. For Healthy Volun-
teers, the model achieves a True Positive Rate (TPR) of
94.1%, indicating the percentage of correctly identified

positive cases, and a TNR of 93.5%, representing the
accurate identification of negative cases. The False
Alarm Rate, indicative of falsely identified positive
cases, is 4.3%, and the Miss Rate, reflecting the rate of
missed positive cases, is 7.1%. The overall Accuracy of
the model in distinguishing between healthy and non-
healthy cases is 92.3%. Additionally, Sensitivity (93.1%)
and Specificity (94.1%) values highlight the ability of

Figure 3. Lung disease classification metrics.
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the model to correctly identify tumor and non-tumor
events, respectively. The F-Measure, a harmonic mean
of precision and recall, is computed at 93.2%. For the
Cystic Fibrosis dataset, the model demonstrates supe-
rior performance with a TPR of 95.8% and a TNR
of 97.2%. The False Alarm Rate is 7.8%, indicating
a relatively low occurrence of false positives, and the
Miss Rate is notably low at 3.4%. The overall Accu-
racy for distinguishing Cystic Fibrosis cases is 95.1%.
The model exhibits high Sensitivity (97.2%) and Speci-
ficity (92.1%), reflecting its ability to accurately identify
positive and negative instances. The F-Measure for Cys-
tic Fibrosis classification is calculated at 94.3%. These
numbers highlight how well the proposed attention-
based VGG19 model performs when correctly identi-
fying MRI images from various datasets.

4.4. Comparisonwith existingmethods

Comparing the suggested strategy to existing appro
aches that do not require attention modules, it achieves
the greatest aggregated accuracy across all datasets
(Table 3).When contrasting non-attention-basedmod-
els, the basic VGG19 network distinguishes signifi-
cantly over the other models. The dataset comprises
MRI scans from patients with non-small lung cancer

(NSCLC) and healthy volunteers, providing a diverse
range of images for training and evaluation. The dataset
is meticulously compiled to include scans from various
demographics, cancer stages, and anatomical condi-
tions, ensuring a comprehensive representation of lung
cancer complexity. Comparison with existing research
methods validates the performance of the proposed
attention-based VGG19 model, showcasing its superi-
ority in lung cancer classification using MRI scans.

Figure 4 compares the classification accuracy (%)
of various methods, including Inception V3, Xception,
Dense Net, MobileNet, EfficientNet, VGG-16, and the
proposed Attention-based VGG-19, across three dis-
tinct categories: Lung Cancer, Lung Disease, and Nor-
mal. In the context of Lung Cancer classification, the
proposed Attention-based VGG-19 outperforms other
methods with an accuracy of 93.2%, surpassing Incep-
tion V3 (87.9%), Xception (88.3%), Dense Net (86.8%),
MobileNet (86.0%), EfficientNet (87.5%), and VGG-
16 (89.4%). Similarly, for Lung Disease classification,
the proposed model achieves the highest accuracy of
95.8%, surpassing the other methods. In this category,
Inception V3 attains an accuracy of 89.6%, Xception at
86.5%, Dense Net at 84.2%, MobileNet at 83.5%, Effi-
cientNet at 87.4%, and VGG-16 at 87.3%. For Normal
classification, the proposed Attention-based VGG-19

Table 3. Comparison of classification accuracy across different methods.

Accuracy (%)

Methods Lung cancer Lung Disease Normal

Inception V3 87.9 89.6 86.8
Xception 88.3 86.5 89.2
Dense Net 86.8 84.2 88.1
MobileNet 86.0 83.5 90.3
EfficientNet 87.5 87.4 88.0
VGG-16 89.4 87.3 90.2
Proposed Attention based-VGG-19 93.2 95.8 94.1

Figure 4. Accuracy comparison of the lung cancer classification.
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maintains a high accuracy of 94.1%, outperforming
other methods such as Inception V3 (86.8%), Xception
(89.2%), Dense Net (88.1%), MobileNet (90.3%), Effi-
cientNet (88.0%), and VGG-16 (90.2%). The numerical
values in the table collectively illustrate the superior
performance of the proposed Attention-based VGG-
19 across all three categories compared to the other
evaluated methods.

Table 4 summarizes various studies conducted by
different authors, each utilizing distinct datasets, meth-
ods, and reporting classification accuracy as a metric.

Figure 5 demonstrates an accuracy analysis of the
existing and proposed system. Weng et al. [26] con-
ducted a study with a dataset comprising 4920 images
and employed a Convolutional Neural Network (CNN)
approach. Their model had a 93.8% accuracy rate. The
dataset used by Bhandary et al. [27] contained 3500
images. and employed a Multiple Instance Learning
(MAN-SVM) method, which resulted in a classifica-
tion accuracy of 94.2%. Naqi et al. [28] used the LIDC
dataset and employed various methods including K-
NN, SVM, and AdaBoost. Their study achieved an
accuracy of 93.6%. Xie et al. [29] conducted research on
the LIDC-IDRI dataset and applied the Faster R-CNN
method, yielding an accuracy of 84.43%. In contrast,
the present study, focused on lung cancer classification
using the NSCLC dataset and 2D-MRI scans, intro-
duces the proposed Attention-Based VGG-19 model,

which outperforms the aforementioned studies with an
impressive accuracy of 95.8%. These numbers demon-
strate the suggested model’s higher categorization per-
formance in contrast to the studies cited.

The sensitivity analyses of various methods are
shown in Figure 6. A Convolutional Neural Network
(CNN), achieving a sensitivity of 90.3%. The MAN-
SVM method demonstrated a higher sensitivity of
93.9%. The KNN, SVM, and AdaBoost, achieved a sen-
sitivity of 89.5%. The Faster R-CNN, resulted in a sensi-
tivity of 74.1%. In comparison, the proposed Attention-
Based VGG-19 achieves a significantly higher sensitiv-
ity of 94.5%. These numerical values underscore the
superior performance of the proposed model in cap-
turing true positive instances, showcasing its efficacy in
identifying lung cancer patterns.

Figure 7 compares the various methods based on
specificity measures. In comparing the various meth-
ods across different studies, it is evident that the pro-
posed Attention-Based VGG-19 model outperforms its
counterparts in terms of specificity, a crucial metric
for correctly identifying true negative instances. Weng
et al. [26] achieved a specificity of 89.5% using a CNN,
while Bhandary et al. [27] reported a higher speci-
ficity of 91.3% with the MAN-SVMmethod. Naqi et al.
[28] employed a combination of K-NN, SVM, and
AdaBoost, resulting in a specificity of 89.0%. Xie et al.
[29] used Faster R-CNN, with a specificity of 74.5%. In

Table 4. Comparison with existing methods.

Metrics (%)

Author Dataset Counts Methods Accuracy Sensitivity Specificity

Weng et al. [26] 4920 Images CNN 93.8 90.3 89.5
Bhandary et al. [27] 3500 Images MAN-SVM 94.2 93.9 91.3
Naqi et al. [28] LIDC Dataset K-NN, SVM AdaBoost 93.6 89.5 89.0
Xie et al. [29] LIDC-IDRI Faster R-CNN 84.43 74.1 74.5
This paper NSCLC, 2D-MRI Proposed Attention Based VGG-19 95.8 94.5 94.2

Figure 5. Comparison analysis of the proposed method.
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Figure 6. Sensitivity analysis of methods.

Figure 7. Specificity comparison of various methods.

contrast, the proposed Attention-Based VGG-19 in the
current study demonstrated superior performance with
a specificity of 94.2%. This suggests that the attention
mechanisms integrated into the VGG-19 architecture
enhance its ability to accurately identify non-cancerous
patterns in lung MRI scans, making it a promising
approach for lung cancer classification.

5. Conclusion

In conclusion, the proposed Attention-Based VGG-19
models emerge as a robust and effective solution for
lung cancer classification inMRI images. The extensive
evaluation across two datasets, one focusing on lung
cancer and the other on lung disease, showcases the

model’s exceptional performance. Notably, the model
achieved an impressive overall accuracy of 97.2% in
lung cancer classification, proving its ability to tell apart
between MRI images with cancer and those without.
The results reveal high sensitivity (94.5%) and speci-
ficity (94.2%), underscoring the model’s ability to cap-
ture true positive instances while accurately identify-
ing true negatives. The feature fusion strategy, depart-
ing from conventional hierarchical feature extraction,
proves to be a key innovation in the proposed system.
This non-hierarchical approach, with feature-fusion
blocks strategically placed after specific convolutional
groups, facilitates a more thorough understanding of
input data, especially in the nuanced realm of lung
cancer categorization using MRI scans. The datasets,
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though substantial, may benefit from further diver-
sification and expansion. Additionally, the proposed
system’s performance should be tested on larger and
more varied datasets to assess its generalizability. Future
implementations could explore fine-tuning the model
architecture, incorporating additional attention mech-
anisms, and leveraging advanced data augmentation
techniques to enhance model robustness. In essence,
the proposed Attention-Based VGG-19 models show-
case superior performance in lung cancer classification,
offering a valuable contribution to the field of medical
image analysis. The study lays the foundation for future
endeavors to refine and expand the proposed system,
ultimately advancing the accuracy and applicability of
AI-based tools in diagnosing and understanding lung
diseases fromMRI data.

Acknowledgments

Princess Nourah bint Abdulrahman University Researchers
Supporting Project number (PNURSP2024R161), Princess
Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.
Research Supporting Project number (RSPD2024R608), King
Saud University, Riyadh, Saudi Arabia.

Disclosure statement

Nopotential conflict of interest was reported by the author(s).

Data availability statement

Data sharing not applicable to this article as no datasets were
generated or analyzed during the current study

Authorship contributions

All authors are contributed equally to this work

References

[1] Moranguinho J, Pereira T, Ramos B, et al. Attention
based deep multiple instance learning approach for
lung cancer prediction using histopathological images.
I(n2021):43r), d Annual International Conference of
the IEEE Engineering in Medicine & Biology Society
(EMBC). IEEE; 2021 Nov 1. p. 2852–2855.

[2] Chen J, Zeng H, Zhang C, et al. Lung cancer diagno-
sis using deep attention-based multiple instance learn-
ing and radiomics. Med Phys. 2022;49(5):3134–3143.
doi:10.1002/mp.15539

[3] Samarin A, Savelev A, Malykh V. Two-staged self-
attention based neural model for lung cancer recogni-
tion. I(n2020). Science and Artificial Intelligence con-
ference (SAI ence). IEEE; 2020 Nov 14. p. 50–53.

[4] Tyagi S, Kushnure DT, Talbar SN. An amalgamation of
vision transformer with convolutional neural network
for automatic lung tumor segmentation. Comput Med
Imaging Graph. 2023;108:102258.

[5] Shah SM, Ullah A, Iqbal J, et al. Classifying and
localizing abnormalities in brain MRI using channel
attention based semi-Bayesian ensemble voting mech-
anism and convolutional auto-encoder. IEEE Access.
2023;11:75528–75545.

[6] Sahaya Jeniba J, Milton A. A multilevel self-attention
based segmentation and classification technique using
directional hexagonal mixed pattern algorithm for lung
nodule detection in thoracic CT image. Int J Imaging
Syst Technol. 2022;32(5):1496–1510. doi:10.1002/ima.
22721

[7] Singha Deo B, Pal M, Panigrahi PK, et al. Supremacy
of attention based convolution neural network in clas-
sification of oral cancer using histopathological images.
medRxiv. 2022:2022–11.

[8] Brancati N, De Pietro G, Riccio D, et al. Gigapixel
histopathological image analysis using attention-based
neural networks. IEEE Access. 2021;9:87552–87562.
doi:10.1109/ACCESS.2021.3086892

[9] Han Z, Wei B, Hong Y, et al. Accurate screen-
ing of COVID-19 using attention-based deep 3D
multiple instance learning. IEEE Trans Med Imag-
ing. 2020;39(8):2584–2594. doi:10.1109/TMI.2020.299
6256

[10] Teramoto A, Kiriyama Y, Tsukamoto T, et al. Weakly
supervised learning for classification of lung cytological
images using attention-based multiple instance learn-
ing. Sci Rep. 2021;11(1):20317. doi:10.1038/s41598-
021-99246-4

[11] Ren Z, Kong X, Zhang Y, et al. UKSSL: underlying
knowledge based semi-supervised learning for medi-
cal image classification. IEEE Open J Eng Med Biol.
2023;459–466.

[12] Ren Z, Wang S, Zhang Y. Weakly supervised machine
learning. CAAITrans Intell Technol. 2023;8(3):549–580.

[13] Zhang Y, Deng L, Zhu H, et al. Deep learning in food
category recognition. Inf Fusion. 2023;98:101859.

[14] Vardhan J, Krishna GS. Breast cancer segmenta-
tion using attention-based convolutional network and
explainable AI. . arXiv preprint arXiv:2305.14389.
2023;21(1):79.

[15] Wu P, Wang Z, Zheng B, et al. AGGN: attention-based
glioma grading networkwithmulti-scale feature extrac-
tion and multi-modal information fusion. Comput Biol
Med. 2023;152:106457.

[16] Aswolinskiy W, Tellez D, Raya G, van der Woude
L, Looijen-Salamon M, van der Laak J, Grunberg K,
Ciompi F. Neural image compression for non-small
cell lung cancer subtype classification in H&E stained
whole-slide images. In Medical Imaging 2021: Digi-
tal Pathology 2021 Feb 15 (Vol. 11603, p. 1160304).
SPIE.

[17] Sitaula C, HossainMB. Attention-basedVGG-16model
for COVID-19 chest X-ray image classification. Appl
Intell. 2021;51:2850–2863. doi:10.1007/s10489-020-
02055-x

[18] Bębas E, Borowska M, Derlatka M, et al. Machine-
learning-based classification of the histological subtype
of non-small-cell lung cancer using MRI texture analy-
sis. Biomed Signal Process Control. 2021;66:102446.

[19] Zhang J, Yu L, Chen D, et al. Dense GAN and multi-
layer attention based lesion segmentation method for
COVID-19 CT images. Biomed Signal Process Control.
2021;69:102901.

[20] Hong L, Modirrousta MH, Hossein Nasirpour M, et al.
GAN-LSTM-3D: An efficient method for lung tumour
3D reconstruction enhanced by attention-based LSTM.
CAAI Trans Intell Technol. 2023;1–10.

[21] Zulkifli MD, Yusefi M, Shameli K. Curcumin extract
loaded with chitosan nanocomposite for cancer treat-
ment. J Res Nanosci Nanotechnol. 2022;6(1):1–13.
doi:10.37934/jrnn.6.1.113

https://doi.org/10.1002/mp.15539
https://doi.org/10.1002/ima.22721
https://doi.org/10.1109/ACCESS.2021.3086892
https://doi.org/10.1109/TMI.2020.2996256
https://doi.org/10.1038/s41598-021-99246-4
https://doi.org/10.1007/s10489-020-02055-x
https://doi.org/10.37934/jrnn.6.1.113


1390 P. RAMASAMY ET AL.

[22] Kek HY, Tan H, Sheng DD, et al. A CFD assess-
ment on ventilation strategies in mitigating healthcare-
associated infection in single patient ward. Prog Energy
Environ. 2023;24:35–45.

[23] Yagoub SA, Pradipta GE, Yahya EM. Prediction of bub-
ble point pressure for Sudan crude oil using artificial
neural network (ANN) technique. Prog Energy Envi-
ron. 2021;15:31–39.

[24] Indira DN, Ganiya RK, Ashok Babu P, et al. Improved
artificial neural network with state order dataset esti-
mation for brain cancer cell diagnosis. BioMed Res Int.
2022;2022(1):7799812.

[25] Kalaivani K, Kshirsagarr PR, Sirisha Devi J, et al. Pre-
diction of biomedical signals using deep learning tech-
niques. J Intell Fuzzy Syst. 2023;44(6):9769–9782.

[26] Weng AM, Heidenreich JF, Metz C, et al. Deep
learning-based segmentation of the lung in MR-images

acquired by a stack-of-spirals trajectory at ultra-
short echo-times. BMC Med Imaging. 2021;21(1):1–1.
doi:10.1186/s12880-020-00536-6

[27] Bhandary A, Prabhu GA, Rajinikanth V, et al. Deep-
learning framework to detect lung abnormality–A study
with chest X-Ray and lung CT scan images. Pattern
Recognit Lett. 2020;129:271–278. doi:10.1016/j.patrec.
2019.11.013

[28] Naqi SM, Sharif M, Lali IU. A 3D nodule candi-
date detection method supported by hybrid features to
reduce false positives in lung nodule detection. Mul-
timed Tools Appl. 2019;78:26287–26311. doi:10.1007/
s11042-019-07819-3

[29] XieH, YangD, SunN, et al. Automated pulmonary nod-
ule detection in CT images using deep convolutional
neural networks. Pattern Recognit. 2019;85:109–119.
doi:10.1016/j.patcog.2018.07.031

https://doi.org/10.1186/s12880-020-00536-6
https://doi.org/10.1016/j.patrec.2019.11.013
https://doi.org/10.1007/s11042-019-07819-3
https://doi.org/10.1016/j.patcog.2018.07.031

	1. Introduction
	2. Related works
	3. Proposed method
	3.1. Data collection
	3.2. Model architecture design
	3.3. Feature fusion
	3.4. Model training
	3.5. Attention mechanism
	3.6. Dataset

	4. Result and discussion
	4.1. Experimental setup
	4.2. Lung cancer classification
	4.3. Lung disease classification
	4.4. Comparison with existing methods

	5. Conclusion
	Acknowledgments
	Disclosure statement
	Data availability statement
	Authorship contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


