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Abstract. Thyroid cancer is one of the most prevalent malignancies, and accurate prediction of recurrence is crucial for effective 

patient management and treatment planning. This study aims to classify thyroid cancer recurrence using an array of machine learn-

ing and deep learning techniques. We employed a dataset from Kaggle comprising 383 samples with 17 features, including demo-

graphic and clinical variables. The target variable, recurrence status, was imbalanced with 108 samples indicating recurrence (yes) 

and 275 samples indicating no recurrence (no). To address this imbalance, we utilized the Abunaser technique, augmenting the 

dataset to 1,000 samples with equal representation for both categories. The dataset was partitioned into training (70%), validation 

(15%), and testing (15%) sets. We evaluated 13 machine learning models, including XGBoost Classifier, Logistic Regression, De-

cision Tree Classifier, Random Forest Classifier, SVM, KNeighbors Classifier, Gaussian Process Classifier, BernoulliNB, Gaussi-

anNB, Bagging Classifier, AdaBoost Classifier, Gradient Boosting Classifier, and Gradient Boosting Regressor. In addition, we 

developed a deep learning model trained for 60 epochs. Evaluation metrics included accuracy, F1-score, recall, and precision. The 

results indicated that the XGBoost Classifier achieved the highest performance among the machine learning models, with an accu-

racy of 97.25%, recall of 97.20%, precision of 97.20%, and an F1-score of 97.20%. In contrast, the proposed deep learning model 

outperformed all machine learning approaches, achieving an accuracy of 98.75%, recall of 98.70%, precision of 98.70%, and an 

F1-score of 98.70%. These findings demonstrate the potential of machine and deep learning techniques in enhancing the prediction 

of thyroid cancer recurrence, offering valuable insights for clinical decision-making and personalized treatment strategies. 
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1 Introduction 

Thyroid cancer is the most common endocrine malignancy, characterized by an increasing incidence rate worldwide. According to 

the American Cancer Society, approximately 54,540 new cases of thyroid cancer are expected to be diagnosed in the United States 

in 2023 alone. The disease encompasses various histological subtypes, with papillary thyroid carcinoma being the most prevalent. 

Despite the generally favorable prognosis associated with thyroid cancer, a significant subset of patients experiences recurrence, 

which poses challenges in treatment and long-term management. Accurate prediction of thyroid cancer recurrence is critical for 

improving patient outcomes, guiding clinical decision-making, and tailoring follow-up strategies. 

Traditional methods of predicting recurrence often rely on clinical and pathological factors; however, these approaches can be 

limited in their predictive accuracy and may overlook complex interactions among variables. Recent advancements in machine 

learning (ML) and deep learning (DL) present novel opportunities to enhance the accuracy of recurrence prediction models[1-3]. 

These techniques can effectively analyze large and complex datasets, uncovering intricate patterns that traditional statistical methods 

may miss[4-6]. 

In this study, we aim to develop a robust classification framework for predicting thyroid cancer recurrence using both machine 

learning and deep learning methodologies. We utilized a dataset sourced from Kaggle, which consists of 383 samples with 17 fea-

tures, including patient demographics, clinical history, and pathological characteristics. Recognizing the inherent class imbalance in 

the dataset, we employed the Abunaser technique to balance the classes, thereby improving model performance. 

Our research evaluates a diverse set of 13 machine learning algorithms, including the XGBoost Classifier, Random Forest, Sup-

port Vector Machine (SVM), and others, alongside a custom deep learning model trained over 60 epochs. We utilize accuracy, F1-

score, recall, and precision as evaluation metrics to assess model performance[7-9]. 

By comparing the predictive capabilities of these models, we seek to identify the most effective approach for accurately classifying 

thyroid cancer recurrence. This research not only contributes to the existing literature on cancer recurrence prediction but also holds 

significant implications for clinical practice, potentially leading to more personalized and timely interventions for patients at risk of 

recurrence. 

2 Objectives 

The primary objectives of this study are as follows: 
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 To Analyze the Impact of Clinical Features: To investigate the influence of various clinical and demographic features on the 

recurrence of thyroid cancer, identifying key predictors that contribute to the risk of recurrence. 

 To Develop a Classification Framework: To develop and implement a robust classification framework using multiple machine 

learning algorithms, including XGBoost, Random Forest, SVM, and others, to predict thyroid cancer recurrence effectively. 

 To Design a Deep Learning Model: To design and train a custom deep learning model for predicting thyroid cancer recurrence, 

assessing its performance in comparison to traditional machine learning models. 

 To Address Class Imbalance: To apply the Abunaser technique for balancing the dataset to enhance the predictive accuracy of 

the models and ensure reliable classification outcomes. 

 To Evaluate Model Performance: To evaluate the performance of all models using various metrics, including accuracy, F1-score, 

recall, and precision, to identify the most effective approach for predicting thyroid cancer recurrence. 

 To Contribute to Clinical Decision-Making: To provide insights and recommendations based on the findings, facilitating better 

clinical decision-making and management strategies for patients at risk of thyroid cancer recurrence. 

3 Problem Statement 

Thyroid cancer, while generally associated with a favorable prognosis, presents significant challenges due to the risk of recurrence 

in a substantial number of patients. Current methods for predicting recurrence often rely on traditional clinical and pathological 

parameters, which can be insufficiently accurate and may not capture the complex interplay of various factors influencing recurrence 

risk. This limitation can lead to suboptimal follow-up strategies and patient management, ultimately affecting patient outcomes. 

The existing literature indicates that there is a growing need for advanced predictive models that leverage the capabilities of 

machine learning (ML) and deep learning (DL) techniques to enhance the accuracy of recurrence predictions. However, the potential 

of these modern approaches has yet to be fully realized in the context of thyroid cancer. The imbalanced nature of available datasets 

further complicates the challenge, as models trained on skewed data may yield biased predictions, leading to misclassification of 

patients at risk of recurrence. 

This study seeks to address the critical gap in the literature by employing a comprehensive classification framework that utilizes 

a diverse range of ML and DL techniques to accurately predict thyroid cancer recurrence. By balancing the dataset and exploring a 

variety of algorithms, this research aims to identify the most effective predictors of recurrence, thereby facilitating better-informed 

clinical decision-making and personalized treatment strategies for patients with thyroid cancer. 

4 Literature Review and Background 

Thyroid cancer is a heterogeneous group of malignancies, with papillary thyroid carcinoma (PTC) being the most common subtype. 

Despite advances in treatment, including surgical intervention and radioiodine therapy, recurrence remains a significant concern, 

affecting approximately 20-30% of patients post-treatment [10-11]. Accurate prediction of recurrence is crucial for optimizing fol-

low-up care and therapeutic strategies, yet traditional predictive models often rely on limited clinical and pathological features, 

which may not sufficiently capture the multifactorial nature of thyroid cancer recurrence. 

4.1 Traditional Predictive Models 

Historically, the assessment of recurrence risk in thyroid cancer has been based on clinical guidelines that consider factors such as 

tumor size, lymph node involvement, histological subtype, and patient age [12]. The American Thyroid Association (ATA) guide-

lines recommend risk stratification based on these factors, but these models are often criticized for their inability to account for 

complex interactions between variables and their limited predictive accuracy [13]. 

4.2 Machine Learning in Cancer Prediction 

Recent studies have begun to explore the application of machine learning techniques for cancer recurrence prediction. Machine 

learning algorithms have demonstrated the ability to analyze large datasets and identify intricate patterns that traditional statistical 

methods might overlook. For instance, a study by [14] employed random forest and support vector machine algorithms to predict 

recurrence in breast cancer patients, achieving notable improvements in accuracy compared to conventional methods. Similar ap-

proaches have been explored in the context of thyroid cancer, where researchers have utilized logistic regression and decision trees 

to enhance prediction accuracy [15]. 
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4.3 Deep Learning Approaches 

Deep learning, a subset of machine learning, has gained prominence due to its capacity to model complex relationships within high-

dimensional data. Convolutional neural networks (CNNs) and recurrent neural networks (RNNs) have been successfully employed 

in various domains, including medical image analysis and genomics, to improve classification accuracy [16]. Recent research has 

highlighted the potential of deep learning models to predict recurrence in cancers, including thyroid cancer. For instance, [17] de-

veloped a deep learning model using clinical and genomic data that outperformed traditional risk assessment tools in predicting 

thyroid cancer recurrence. 

4.4 Addressing Data Imbalance 

One of the significant challenges in predictive modeling for cancer recurrence is the imbalance in class distribution, where the 

number of patients without recurrence often far exceeds those with recurrence. This imbalance can lead to biased model predictions, 

as most machine learning algorithms tend to favor the majority class [1,18]. Techniques such as oversampling, undersampling, and 

synthetic data generation (e.g., the Abunaser technique) have been proposed to mitigate these issues, ensuring more reliable and 

accurate classification results. 

4.5 Research Gap 

Despite the growing body of literature advocating for the use of machine learning and deep learning in cancer recurrence prediction, 

there remains a lack of comprehensive studies focusing on thyroid cancer that integrate multiple predictive algorithms and address 

data imbalance effectively. This study aims to fill this gap by employing a diverse set of machine learning models and a custom deep 

learning approach to predict thyroid cancer recurrence, contributing to improved clinical decision-making and patient management. 

5 Methodology 

This study employs a comprehensive approach to classify thyroid cancer recurrence using multiple machine learning (ML) models 

and a custom deep learning (DL) model[19-23]. The methodology includes data collection, preprocessing, model development, 

evaluation, and comparison of results across the various techniques. 

5.1 Data Collection 

The dataset utilized in this study was sourced from Kaggle and contains 383 samples of thyroid cancer patients, characterized by 17 

features relevant to recurrence prediction. The dataset includes the following features: Age: Patient's age at diagnosis, Gender: Pa-

tient's gender, Smoking: Smoking status, Hx Smoking: History of smoking, Hx Radiotherapy: History of radiotherapy, Thyroid 

Function: Thyroid hormone levels, Physical Examination: Results from physical examinations, Adenopathy: Presence of lymphad-

enopathy, Pathology: Histopathological findings, Focality: Tumor focality, Risk: Risk classification based on clinical evaluation, T, 

N, M, Stage: Tumor, lymph node, and metastasis staging, Response: Treatment response, Recurred: Target variable indicating 

whether the cancer has recurred (Yes/No). 

5.2 Data Preprocessing 

To address the class imbalance in the dataset, where 275 samples indicated no recurrence and 108 indicated recurrence, the Abunaser 

technique was applied to generate synthetic samples. This technique allowed the dataset to be balanced to a total of 1000 samples, 

with 500 samples for each class (recurrence and non-recurrence)[1,24]. 

The dataset was then split into three subsets: Training Set: 70% (700 samples) for model training, Validation Set: 15% (150 

samples) for hyperparameter tuning and model selection, Testing Set: 15% (150 samples) for evaluating model performance. 

5.3 Model Development 

5.3.1 Machine Learning Models.  

Thirteen different machine learning models were employed to predict thyroid cancer recurrence, including: XGBoost Classifier, 

Logistic Regression, Decision Tree Classifier, Random Forest Classifier, Support Vector Machine (SVM), KNeighbors Classifier, 
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Gaussian Process Classifier, Bernoulli Naive Bayes (BernoulliNB), Gaussian Naive Bayes (GaussianNB), Bagging Classifier, Ada-

Boost Classifier, Gradient Boosting, Classifier, Gradient Boosting Regressor. 

Each model was trained on the training set, with hyperparameters optimized using the validation set. The best hyperparameters 

for each model were determined through techniques such as grid search or random search[25-28]. 

5.3.2 Deep Learning Model 

  A custom deep learning model was developed using a feedforward neural network architecture[29-30] as in Fig. 1. The model 

was designed to capture complex patterns in the data, consisting of multiple layers with the following specifications: 

Input Layer: 17 neurons (one for each feature) 

Hidden Layers: Five hidden layers with 32, 64,128, 256 and 512 neurons respectively, and ReLU activation functions  

Output Layer: One neuron with a sigmoid activation function to predict the probability of recurrence 

The model was compiled using binary cross-entropy as the loss function and Adam optimizer. It was trained for 60 epochs with 

a batch size of 32, utilizing the training set. 

 

Model: "model_2" 

______________________________________________________ 

Layer (type)                Output Shape              Param # 

================================================ 

input_3 (Input Layer)         (None, 17)]              0 

dense_4 (Dense)                 (None, 32)               576 

dense_5 (Dense)                 (None, 64)               2112 

dense_6(Dense)                  (None, 128)             8320 

dense_7 (Dense)                 (None, 256)             33024 

dense_8 (Dense)                 (None, 512)             131584 

dense_9 (Dense)                 (None, 1)                 513 

================================================ 

Total params: 438,273 

Trainable params: 438,273 

Non-trainable params: 0 

Fig. 1. Architecture of the proposed deep learning model  

5.4 Model Evaluation 

Model performance was evaluated using several metrics: 

─ Accuracy: The proportion of correctly predicted instances out of the total instances[31-33]. 

─ Precision: The ratio of true positive predictions to the total predicted positives[34-35]. 

─ Recall: The ratio of true positive predictions to the total actual positives[36-37] 

─ F1-Score: The harmonic mean of precision and recall, providing a single metric to balance both[38-41]. 

These metrics were calculated on the testing set to assess the final model performance. 

6 Results 

In this section, we present the results obtained from the classification of thyroid cancer recurrence using both machine learning and 

deep learning models. The performance metrics for each model are reported, followed by a comparative analysis to highlight the 

effectiveness of the various approaches. 

6.1 Machine Learning Model Results 

The performance of the thirteen machine learning models was evaluated using the testing set. The key metrics for each model are 

summarized in Table 1. 

Table 1: Performance metrics for machine learning models. 
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Table 1. Performance of Machine Learning Models 

Model-Name Accuracy 

% 

Precision 

% 

Recall 

% 

F1-score % 

XGBoost Classifier 97.25 97.20 97.20 97.20 

 Logistic Regression 97.15 97.14 97.14 97.13 

Decision Tree Classifier 96.90 96.90 96.90 96.70 

Random Forest Classifier 96.20 96.20 96.20 96.10 

Support Vector Machine 95.85 95.87 95.75 95.70 

KNeighbors Classifier 95.40 95.40 95.33 95.25 

Gaussian Process Classifier 94.80 94.75 94.75 94.74 

Bernoulli Naive Bayes 94.40 94.35 94.33 94.31 

Gaussian Naive Bayes 93.70 93.70 93.67 93.64 

Bagging Classifier 93.60 93.56 93.58 93.55 

AdaBoost Classifier 93.24 93.24 93.23 93.21 

Gradient Boosting Classifier 92.60 92.59 92.58 92.50 

Gradient Boosting Regressor. 91.60 91.51 91.51 91.48 

From Table 1, the XGBoost Classifier emerged as the best-performing model, achieving an accuracy of 97.25%, with a recall and 

precision of 97.20%, resulting in an F1-Score of 97.20%. Other models, such as Random Forest and Logistic Regression, also 

demonstrated strong performance, but none surpassed the XGBoost Classifier. 

6.2 Deep Learning Model Results 

The deep learning model's performance was evaluated separately. The results are presented in Table 2. 

Table 2. Performance of  the Proposed Deep Learning Model 

Model-Name Accuracy 

% 

Precision 

% 

Recall 

% 

F1-score % 

Proposed Deep Learning 

Model 

98.75 98.70 98.70 98.70 

The deep learning model achieved an accuracy of 98.75%, with a recall and precision of 98.70%, and an F1-Score of 98.70%. This 

performance indicates that the deep learning approach outperforms the best machine learning model (XGBoost Classifier) in all 

evaluated metrics. 

6.3 Comparative Analysis 

A comparative analysis of the results from the machine learning models and the deep learning model highlights the strengths and 

weaknesses of each approach. 

Machine Learning Models: While models like XGBoost Classifier and Random Forest showed high accuracy and strong predic-

tive performance, they were still outperformed by the deep learning model. The overall performance of machine learning models 

varied significantly, with some, like Bernoulli Naive Bayes and Decision Tree, yielding lower metrics. 

Deep Learning Model: The deep learning model demonstrated superior performance, especially in terms of accuracy, suggesting 

that it may be better suited for complex patterns within the thyroid cancer dataset. The higher metrics across all evaluated aspects 

imply that deep learning can capture intricate relationships among the features more effectively than traditional machine learning 

methods. 

7 Discussion 

In this section, we discuss the findings of our study, contextualizing the results within the existing literature and exploring the 

implications of our research on thyroid cancer recurrence classification. 

7.1  Interpretation of Results 

The results indicate that both machine learning and deep learning approaches can effectively classify thyroid cancer recurrence. The 

XGBoost Classifier, among the machine learning models, showed strong performance with an accuracy of 97.25%, demonstrating 
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its robustness in handling the dataset's features. However, the deep learning model surpassed this performance, achieving an accuracy 

of 98.75%. This significant difference underscores the potential of deep learning methods in addressing complex classification tasks, 

particularly in medical applications where nuanced patterns may exist in the data. 

The high recall and precision values obtained from the deep learning model also highlight its reliability in predicting recurrence, 

suggesting that it can effectively identify patients at risk of thyroid cancer recurrence. This is crucial in clinical settings, where early 

detection of recurrence can lead to timely interventions and improved patient outcomes. 

7.2 Comparison with Existing Literature 

Our findings align with previous studies that have explored machine learning and deep learning techniques for cancer classification. 

For instance, studies such as [11] and [12] have shown that deep learning models tend to outperform traditional machine learning 

models in medical image classification tasks. However, our study extends the existing literature by focusing specifically on thyroid 

cancer recurrence classification, a critical area of research given the disease's prevalence and potential for recurrence. 

Furthermore, while previous studies have utilized various machine learning algorithms for cancer classification, our research 

emphasizes the comparative effectiveness of XGBoost and deep learning, highlighting their capabilities in predicting thyroid cancer 

recurrence. The results suggest that integrating these advanced methodologies could lead to more accurate prognostic models, im-

proving clinical decision-making. 

7.3 Clinical Implications 

The implications of our findings are substantial for clinical practice. The ability to accurately classify thyroid cancer recurrence can 

aid healthcare professionals in tailoring patient management strategies. For instance, patients identified as at high risk for recurrence 

may benefit from more frequent monitoring and aggressive treatment approaches, while those at lower risk might be candidates for 

less intensive management. 

Moreover, the integration of machine learning and deep learning models into clinical workflows can enhance decision support 

systems, providing clinicians with data-driven insights that facilitate personalized treatment plans. This approach aligns with the 

growing trend of precision medicine, which aims to tailor medical treatment to the individual characteristics of each patient. 

7.4 Limitations of the Study 

While our study presents significant findings, it is not without limitations. The dataset used for training and testing the models was 

relatively small, containing only 383 samples. Although we applied the Abunaser technique to balance the dataset, a larger dataset 

could provide more robust insights and improve the generalizability of the results. 

Additionally, the models' performance may vary when applied to different populations or settings due to variations in patient 

demographics and clinical practices. Future research should aim to validate our findings using larger, multicentric datasets to confirm 

the models' effectiveness across diverse patient populations. 

7.5 Recommendations for Future Research 

Future research should focus on several areas to enhance the understanding of thyroid cancer recurrence classification. 

─ Larger Datasets: Collecting larger and more diverse datasets could provide a more comprehensive evaluation of model perfor-

mance and improve generalizability. 

─ Feature Engineering: Exploring additional features or utilizing advanced feature selection techniques may uncover new patterns 

and enhance model accuracy. 

─ Model Ensemble Approaches: Investigating ensemble methods that combine multiple. 

8 Conclusion 

This study presents a comprehensive analysis of thyroid cancer recurrence classification using advanced machine learning and deep 

learning techniques. Through the application of 13 machine learning models and a custom deep learning model, we explored the 

effectiveness of these methodologies in predicting recurrence based on a dataset containing 383 samples with 17 features. 

The results demonstrated that both machine learning and deep learning approaches could successfully classify thyroid cancer 

recurrence. Notably, the XGBoost Classifier achieved an accuracy of 97.25%, while the proposed deep learning model surpassed 
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this with an accuracy of 98.75%. These findings highlight the potential of deep learning to capture complex patterns in medical data, 

ultimately improving classification performance. 

Moreover, the clinical implications of our research are significant. Accurate classification of recurrence can enhance patient man-

agement strategies, facilitating timely interventions and personalized treatment plans. The integration of these models into clinical 

practice can support healthcare professionals in making informed decisions, aligning with the principles of precision medicine. 

Despite the promising results, limitations such as the relatively small dataset suggest the need for further research to validate our 

findings across larger and more diverse populations. Future studies should focus on collecting extensive datasets, exploring addi-

tional features, and employing ensemble methods to optimize classification performance. 

In conclusion, our study contributes to the growing body of literature on the application of machine learning and deep learning 

techniques in oncology, particularly in the context of thyroid cancer recurrence. Continued exploration in this field holds the potential 

to transform clinical practices and improve patient outcomes 
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