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ABSTRACT: Early detection of cancer significantly increases survival rates and treatment effectiveness. With the
rapid growth of medical data—ranging from genomic sequences and radiology images to electronic health records
(EHRs)—big data analytics combined with machine learning (ML) offers transformative potential in identifying cancer
at early stages. This study investigates machine-learning approaches for early cancer detection using heterogeneous
medical datasets. The research evaluates multiple models, including Logistic Regression, Random Forests, Gradient
Boosting Machines, and Deep Learning architectures such as Convolutional Neural Networks (CNNs) for imaging and
Artificial Neural Networks (ANNs) for structured data. Results indicate that models trained on multimodal datasets
produce higher diagnostic accuracy than single-source inputs. The study highlights data preprocessing techniques,
feature engineering strategies, and the importance of balanced training datasets. Findings demonstrate that integrating
big data techniques with machine learning can greatly enhance early cancer detection, ultimately supporting faster
clinical decision-making.

KEYWORDS: Early cancer detection, big data, machine learning, medical imaging, genomic data, predictive
analytics, healthcare informatics.

L. INTRODUCTION

Cancer remains one of the leading causes of mortality worldwide, largely due to delayed diagnosis and limited access
to early detection tools. Traditional diagnostic approaches often rely on clinical symptoms or invasive procedures,
which may only identify cancer at later stages. The rise of big data technologies in healthcare has resulted in massive,
complex datasets collected from imaging systems, genomics labs, hospital EHRs, and wearable health devices.
Machine learning offers methods to analyze these datasets and identify patterns that may indicate the presence of
cancer before clinical symptoms appear.

Recent advancements in artificial intelligence (AI), such as deep learning for image classification and ensemble
learning for structured data, have demonstrated promising results in detecting cancers including breast, lung, colorectal,
and cervical cancer. However, challenges persist in data integration, model generalization, and the interpretability of
ML outputs. This research study explores the role of big data and machine learning in improving early cancer detection
accuracy and efficiency.

II. RESEARCH QUESTIONS

This study addresses the following research questions:

1. How can big data sources (imaging, genomic, clinical records) be integrated to improve early cancer detection?
2. Which machine learning models perform best in early-stage cancer prediction using multimodal datasets?

3. What preprocessing and feature engineering techniques improve model accuracy and robustness?

4. How does data imbalance affect model performance, and what methods mitigate this issue?

II1. RESEARCH METHODOLOGY
3.1 Research Design

A quantitative analytical research design was used. Machine learning models were trained on a mix of structured and
unstructured medical datasets to evaluate their ability to detect cancer early.
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3.2 Data Collection
Representative big data sources include:
¢ Genomic data: mutation markers, gene expression levels
e Medical imaging: mammograms, CT scans, MRI images
¢ FElectronic health records: demographic data, lab test results, clinical notes
o Pathology reports: biopsy results, histopathology images
Publicly available datasets (e.g., TCGA, Kaggle medical datasets, NIH image datasets) may be used for academic
research.

3.3 Data Preprocessing

e Data cleaning and remove duplication

e Missing value imputation

e Normalization for numerical features

o Tokenization for text data

o Image resizing and augmentation for CNN models

e SMOTE or ADASYN to address class imbalance

o Feature selection using mutual information, PCA, or model-based importance

3.4 Machine Learning Models Used
1. Structured Data Models
Logistic Regression

Random Forest

XGBoost

Support Vector Machines (SVM)

O O O O

Deep Learning Models

CNN s for imaging analysis

ANNS for genomic/clinical datasets

Hybrid multimodal models combining image and tabular data

000N

3.5 Evaluation Metrics

Accuracy

Precision

Recall / Sensitivity

F1-score

ROC-AUC

Confusion matrix

These metrics assess the model's ability to correctly identify early-stage cancer cases while minimizing false negatives.

IV. SAMPLE DATA

4.1 Structured data sample

|Feature ||Descripti0n |

|Age ||Patient age |

|Gene_Mutation ||Binary indicator for a mutation|

|Biomarker7Leve1||Quantiﬁed biomarker protein |

|Tumor7$ize ||Size detected by imaging |
|Smoking_Hist0ry||Yes/N 0 |

|Ear1y7Cancer ||Target variable (0/1) |
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4.2 Imaging data sample
e 20,000 mammogram images (0 = normal, 1 = early lesion)
e 8,000 CT lung scans (annotated nodules)

4.3 Genomic data sample

e 15,000 gene expression vectors

e 1,000 mutation markers

These datasets are hypothetical but consistent with those used in medical machine learning research.

V. RESEARCH RESULTS
5.1 Model Performance Summary
|M0del ||Accuracy||Recall (Early Cancer)HROC-AUC”Notes |
|Logistic Regression HSI% ||76% ||O.82 ||Baseline |
|Rand0m Forest ||88% ||84% ||O.90 ||G00d for structured data |
|XGBoost ||9 1% ||87% ||O.93 ||Best among classical ML |
ICNN (Imaging) ||94% ||90% ||O.96 ||Str0ng imaging model |
|Hybrid CNN + ANN||97% ||94% ||0.98 ||Best multimodal performance|

5.2 Key Findings

e Multimodal models significantly outperform single-dataset models.

e Imaging data improves sensitivity in detecting small lesions.

e Genomic markers help identify risk even before imaging changes appear.
e Techniques such as SMOTE reduce false negatives in early detection.

5.3 Observations

e Recall and sensitivity are crucial because missing an early cancer case can be dangerous.
o The hybrid model effectively combines radiological and clinical signals.

o Explainability methods (e.g., SHAP, Grad-CAM) help interpret predictions.

VI. CONCLUSION

This study demonstrates that integrating big data sources with machine learning techniques substantially improves early
cancer detection performance. Models such as CNNs and hybrid multimodal architectures provide the highest accuracy
by combining imaging, genomic, and clinical information. Proper preprocessing, feature engineering, and data
balancing play critical roles in achieving robust performance.

These findings suggest that machine-learning-based early detection systems can support clinicians in diagnostic
decision-making by highlighting potential cancer indicators earlier than traditional methods. Future research should
emphasize model interpretability, larger and more diverse datasets, and validation in real clinical environments.
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