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Abstract 
Background: Ovarian cancer (OC) is a highly fatal 

malignancy of the female reproductive system, 

characterized by its high mortality rate and the challenges 

associated with clinical research due to the disease's 

complexity and late-stage diagnosis. Advances in 

technology, such as the Internet of Medical Things (IoMT), 

offer new opportunities for improving OC detection and 

diagnosis. Objective: This study aimed to develop and 

evaluate a novel method for OC detection using IoMT 

data, leveraging Self-Organizing Maps (SOM) and 

Improved Recurrent Neural Networks (IRNN) enhanced 

with the Extended Harmony Search Optimization (EHSO) 

algorithm to improve feature selection and classification 

accuracy. Methods: The study utilized OC data from the 

IoMT and applied SOM for feature selection, which helps 

in managing and classifying large datasets. SOM was 

employed to improve data representation and address 

challenges in labeling and classifying data. The IRNN 

model, optimized using the EHSO algorithm, was 

developed to enhance classification performance. The  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

model was tested using a dataset from Kaggle comprising 

179 benign and 172 malignant OC images with 50 

attributes. Results: The IRNN model with EHSO 

demonstrated superior performance compared to other 

methods. In the training dataset, it achieved an accuracy 

of 95.72% and a Root Mean Square Error (RMSE) of 4.8%. 

For the testing dataset, the model maintained a high 

accuracy of 90.4% and an RMSE of 6.8%. The IRNN with 

EHSO outperformed alternative methods in terms of 

specificity and sensitivity, while the Genetic Algorithm 

(GA) showed the lowest performance across all metrics. 

Conclusion: The proposed method using SOM and IRNN 

with EHSO significantly improves the detection of ovarian 

cancer by optimizing feature selection and classification 

accuracy. This approach offers a promising advancement 

in utilizing IoMT data for early and accurate OC diagnosis, 

potentially enhancing patient outcomes through more 

effective detection and treatment strategies. 

Keywords: Ovarian Cancer, Internet of Medical Things, Self-Organizing 
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1. Introduction 

Ovarian cancer (OC) is widely recognized as one of the deadliest 
cancers affecting the female reproductive system. It holds the 
highest mortality rate among cancers of the reproductive system 
and is the fifth most common cause of cancer-related death in  
  
 
 
 
 
 
 
 
 

Significance | This study determined a novel approach combining SOM 

and IRNN with EHSO to enhance early detection of ovarian cancer, 
improving diagnostic accuracy and efficiency.  
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women (Takahashi et al., 2020). The high mortality associated with 
OC makes it particularly significant among malignancies of the 
female reproductive tract. Women face a lifetime risk of 1 in 81 of 
developing OC, with a 1 in 98 chance of dying from it. The majority 
of those diagnosed are older, with about 50% being 63 years or 
older. White women are more commonly diagnosed than Black 
women (Yang et al., 2023). 
Advancements in treatment have been driven by a focus on 
improving patient outcomes through subtype-specific methods 
(Chatterjee et al., 2024). Accurate subtype identification is essential 
for personalized therapies, yet this remains challenging due to 
inconsistencies in diagnosis, reliance on pathologist expertise, and 
limited access to specialized care, particularly in underserved 
regions (Ramana & Ravisankar, 2024). With a global incidence rate 
of 3.35% and a mortality rate of 4.8%, OC poses a significant public 
health concern, affecting about two million women and causing 
approximately 150,000 deaths annually (Su et al., 2023). The 
prognosis is poor, with only 32% of women surviving after 
diagnosis. Current treatment primarily involves chemotherapy and 
cytoreductive surgery (Hinchcliff et al., 2022). 
The World Health Organization (WHO) classifies OC into five 
primary subtypes based on factors such as immune profile, 
histopathology, and genetic analysis. High-Grade Serous 
Carcinoma (HGSC) accounts for 75-82% of cases, followed by rarer 
forms such as endometrioid, clear cell, and mucinous carcinomas 
(Cree et al., 2020; Chen et al., 2021). OC is a heterogeneous disease 
with varied origins, metastasis patterns, treatment responses, and 
survival outcomes (Prat et al., 2018). This study addresses these 
diagnostic challenges by exploring the application of Internet of 
Medical Things (IoMT) and deep learning to OC classification. 
Though OC initially responds well to chemotherapy, recurrence 
rates remain high, between 66% and 83%, particularly in advanced 
cases (Ganguly, 2020). Research has increasingly focused on 
predicting disease progression and treatment outcomes, utilizing 
novel data sources to improve detection accuracy (Engqvist et al., 
2020). Early detection remains a critical issue, with ongoing efforts 
to identify biomarkers through serum-level testing (Surendar et al., 
2024). Artificial intelligence, specifically computer-aided diagnosis, 
is also being investigated as a potential tool in enhancing OC 
diagnostic accuracy (Escorcia-Gutierrez et al., 2022). 
Consiglio et al. (2021) conducted a study employing a combination 
of fuzzy rule modeling and genetic algorithms (GA) to analyze a 
dataset comprising 23 cases across five categories. This method 
proved valuable for analyzing gene expression profiles in ovarian 
cancer (OC) and comparing them to other ovarian diseases 
(Ramakrishnan et al., 2019). Specifically, their approach utilized GA 
for feature selection, then constructed a series of if-then rules to 
identify changes in gene expression that characterize different 
classes of OC (Consiglio et al., 2021). 

Bae et al. (2021) developed a feature selection method that 
effectively differentiates colorectal cancer patients from healthy 
individuals using a modified harmony search algorithm (HSA) 
combined with K-means clustering. This method selected genes 
based on the Fisher score, after which K-means was used to group 
them. The modified HSA was then applied to build the file system, 
representing a streamlined approach for handling large datasets 
(Bae et al., 2021). 
Paik et al. (2019) introduced a gradient boosting (GB)-based 
predictor that accurately identifies patients with epithelial ovarian 
cancer (EOC). Their model demonstrated improved accuracy over 
traditional statistical methods by identifying predictive subgroups 
among EOC patients (Paik et al., 2019). 
In a separate study, Arfiani and Rustam (2019) utilized machine 
learning techniques, specifically Random Forest (RF), to classify OC 
as either benign or malignant. Their use of a bagging approach 
reduced overfitting and optimized the classifier’s performance, 
showing RF as a reliable method for analyzing incomplete data 
(Arfiani & Rustam, 2019). Elhoseny et al. (2019) further refined OC 
classification through the integration of a self-organizing map 
(SOM) and an optimal recurrent neural network (RNN), enhancing 
detection accuracy via the adaptive harmony search optimization 
(AHSO) algorithm. 
 
Research in OC continues to uncover its complexity, revealing it as 
a group of diseases with distinct origins, genetic mutations, and risk 
factors (Elhoseny et al., 2019). However, challenges remain in 
addressing the long-term care and psychosocial needs of OC 
survivors, an area of research still needing more attention. 
 
2. Materials and Methods 
Figure 1 illustrates the proposed integration of the Internet of 
Medical Things (IoMT) into a network system designed to enhance 
patient monitoring and care. The methodology involves several key 
components and processes. Initially, biological specimens, critical 
physiological signals, and other relevant monitoring data are 
collected from patients using IoMT-enabled devices, which 
continuously capture and record various health metrics in real-
time. This data is then transmitted through routing networks to 
health advisors or physicians via secure and reliable channels, 
ensuring the privacy and integrity of patient information. Health 
advisors or physicians can access this transmitted data remotely 
through specialized software platforms, allowing them to review 
patient information, analyze the data, and provide necessary 
feedback or therapeutic recommendations. To ensure secure access, 
patients must provide valid identification credentials, which link 
them to their specific data and enable personalized interactions 
with the network. The successful expansion and effectiveness of the 
IoMT network rely on ongoing advancements in digital technology,  
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Figure 1 IoMT framework  
 

 
Figure 2 Extended Harmony Search Optimization (EHSO) Algorithm in IRNN for effective FS and classifying OC 
 

 
Figure 3 Performance of the various optimization methods for the classification of OC for training dataset 
 

 
Figure 4 Performance of the various optimization methods for the classification of OC for testing dataset 
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including improvements in data collection devices, network 
infrastructure, and cybersecurity measures. By leveraging these 
components, the IoMT network aims to create a more efficient and 
accessible healthcare system, facilitating timely medical 
interventions and improving patient outcomes. 
2.1 Self-Organizing Maps 
The study used SOM to classify and group datasets with large 
dimensions. The concept of perception, as managed by SOM 
procedures, is used to convert data estimates into relationships 
within a flexible and unique representative sample. The SOM was 
assessed in FS using several adjustable variable choices based on a 
schedule derived from well-known examples and sensitivity testing. 
Specific attributes were chosen. SOM's method involves the 
regulation of the training process. The approach utilizes class 
association in testing instead of information in the neuron's 
category to modify the neighborhood variable. The primary 
concern in FS is to include the characteristics that provide the most 
optimal classification of OC. Therefore, the likelihood metric 
involves selecting the optimal number of markers that exhibit the 
most significant mapping from the SOM method. The trial 
opinions were primarily chosen based on the FS.  
The concept of topological order protection entails the need to 
designate a related block or neighboring entities as examination 
points for the attribute space of the neighbors. This may be achieved 
by displaying the crucial region below. The k-clustering feature is 
represented as 𝐹𝐹(𝑃𝑃,𝑆𝑆) and is defined by Equation (1). 
𝐹𝐹(𝑃𝑃,𝑆𝑆) = ∑ ∑ 𝑆𝑆𝑖𝑖𝑖𝑖

𝐽𝐽
𝑗𝑗=0 ∗ {ℎ𝑗𝑗 ∗ 𝑑𝑑2(𝑥𝑥𝑖𝑖 , 𝑠𝑠𝑖𝑖)}𝐼𝐼

𝑖𝑖=0  (1) 

If 𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠 are the path and the path section groups, ℎ𝑗𝑗  is the portion 
of the area among 𝑗𝑗. The input information gathered from the 
patient is represented as 𝑥𝑥𝑖𝑖 . The chosen vector 𝑠𝑠 is stated as follows: 
𝑠𝑠 = arg𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖{|ℎ𝑖𝑖 − 𝑥𝑥𝑖𝑖|}   (2) 
ℎ𝑗𝑗  is the area among 𝑗𝑗. The input data from the patient is given as 
𝑥𝑥𝑖𝑖 . At this juncture, the source variables of the learning phase 
examined the differentiation between each matrix using the 
distance calculated by Euclidean geometry. 
3.2 IRNN using Extended Harmony Search Optimization (EHSO) 
Algorithm 
Each artist or musician can be described as a decision factor. The 
preferences of the audience are indistinguishable from the objective 
function. The range of pitches in a musical instrument corresponds 
to the range of values in decision factors. Artists' spontaneous 
actions are analogous to regional and global search strategies. 
Musical harmony can sometimes be contrasted to an address vector 
with specific emphasis. An adaptive function was used to reduce the 
error rate of the RNN. The research specifically focused on using 
the crossover rate to enhance the performance of the 
EHSO technique. 
The input function may be seen as the collection of inputs, the layer 
order, and the matrix value of the activation function. Next, the 

optimization variables need to be set. Harmonic Storage Size (HSS), 
Harmony Memory (HM), HM Contemplation Rate (HMCR), and 
Pitch Adaptation Rate (PAR). Next, the improved attributes need 
to be prepared. 
Figure 2 shows the Extended Harmony Search Optimization 
(EHSO) Algorithm in IRNN for effective FS and classifying OC. 
Although initialization certainly impacts the success of the 
technique, it mostly serves to delay the acceleration of gradients 
during optimization. Every search localization technique is 
inherently associated with a concept of geometry inside the search 
space. In the last decade, RNN was developed to address linear and 
nonlinear restricted optimization problems. Compared to 
traditional numerical optimization techniques, the IRNN approach 
offers many advantages over time compared to EHSO. The 
flowchart of EHSO is seen in Figure 2. 
 
3. Results and discussion 
The validity of the proposed model's experimental results is 
supported by utilizing the ovarian cancer (OC) dataset from the 
Kaggle repository (Shahane, 2024). This dataset comprises 179 
images classified as benign OC and 172 images classified as 
malignant OC, along with a total of 50 attributes. 
Figure 3 illustrates the performance of various optimization 
methods for classifying OC within the training dataset. The 
proposed Improved Recurrent Neural Network (IRNN) with 
Enhanced Harmony Search Optimization (EHSO) achieved the 
highest performance, with an accuracy of 95.72% and the lowest 
Root Mean Square Error (RMSE) of 4.8%. In terms of specificity 
and sensitivity, the IRNN with EHSO outperformed other methods, 
including Harmony Search (HS) and Artificial Bee Colony (ABC), 
while Genetic Algorithm (GA) showed the lowest performance 
across all metrics. 
Similarly, Figure 4 shows the performance of these optimization 
methods on the testing dataset. The IRNN with EHSO again 
delivered the highest accuracy of 90.4% and the lowest RMSE of 
6.8%. It also exhibited superior specificity and sensitivity compared 
to HS and ABC. The GA method, once again, demonstrated the 
lowest performance in terms of accuracy, sensitivity, and specificity 
for the testing dataset. 
 
4. Conclusion 
The research demonstrated that integrating Self-Organizing Maps 
(SOM) and Improved Recurrent Neural Networks (IRNN) with the 
Extended Harmony Search Optimization (EHSO) algorithm 
significantly enhances ovarian cancer detection. By utilizing data 
from the Internet of Medical Things (IoMT), the proposed model 
achieved an accuracy of 95.72% and a low Root Mean Square Error 
(RMSE) of 4.8% on training datasets. Testing results confirmed its 
robustness, with an accuracy of 90.4% and an RMSE of 6.8%. This 
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method overcomes challenges related to feature selection and 
classification label scarcity, providing a more effective tool for early 
diagnosis and improving patient outcomes in ovarian cancer care. 
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