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KLASIFIKASI STADIUM KANKER PAYUDARA BERBASIS DATA
EKSPRESI GEN MENGGUNAKAN ALGORITMA STACKING

ENSEMBEL LEARNING

Pra Yoga Wijaya

ABSTRAK

Kanker payudara merupakan salah satu penyebab utama kematian pada wanita.
Deteksi dini terhadap stadium kanker payudara sangat diperlukan sebagai tindakan
untuk meningkatkan angka keberlangsungan hidup pasien. Penelitian ini bertujuan
untuk membangun model klasifikasi stadium kanker payudara (early stage dan late
stage) berbasis machine learning dengan menggunakan data ekspresi gen (RNA-
seq) dari The Cancer Genome Atlas Breast cancer (TCGA-BRCA). Pendekatan
yang dilakukan melibatkan seleksi fitur bioinformatika dan statistika, menggunakan
Differentially Expressed Genes (DEG) dengan paket limma sebagai seleksi fitur
bioinformatika dan menggunakan Logistic Regression, serta Analysis of Variance
(ANOVA) sebagai pendekatan seleksi fitur statistika. Model klasifikasi dibangun
dengan algoritma Stacking Ensembel Learning dengan Random Forest, XGBoost,
Support Vector Machine (SVM), dan Logistic Regression sebagai base learners.
Model terbaik pada penelitian ini mampu mencapai accuracy 93,47%, precision
93,52%, recall 93,47%, dan f1-score 93,49%. Berdasarkan model terbaik, terdapat
48 gen kandidat potensial biomarker, 7 gen diantaranya telah didukung oleh
literatur terdahulu terkait kanker payudara. Pengujian biomarker juga dilakukan
dengan menghitung nilai ROC-AUC individual gen dan didapatkan bahwa nilai
tertinggi hanya mencapai 0.638, menunjukan bahwa kontribusi setiap gen dapat
menghasilkan model yang lebih kuat dibandingkan secara individual. Penelitian ini
mendukung potensi pendekatan machine learning dalam klasifikasi stadium kanker
payudara pada data ekspresi gen RNA-seq secara efektif.

Kata kunci: Biomarker, Kanker Payudara, Machine Learning, RNA-seq, Seleksi
Fitur
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BREAST CANCER STAGES CLASSIFICATION USING GENE
EXPRESSION DATA WITH STACKING ENSEMBEL LEARNING

ALGORITHM

Pra Yoga Wijaya

ABSTRACT

Breast cancer is one of the leading causes of death among women. Early detection
of breast cancer stages is crucial to improve patient survival rates. This study aims
to develop a machine learning-based classification model for breast cancer stages
(early stage and late stage) using gene expression data (RNA-seq) from The Cancer
Genome Atlas Breast Cancer (TCGA-BRCA). The approach involves bioinformatics
and statistical feature selection, using Differentially Expressed Genes (DEG) with
the limma package for bioinformatics-based selection, and Logistic Regression
as well as Analysis of Variance (ANOVA) for statistical feature selection. The
classification model was built using the Stacking Ensemble Learning algorithm,
with Random Forest, XGBoost, Support Vector Machine (SVM), and Logistic
Regression as base learners. The best model achieved an accuracy of 93.47%,
precision of 93.52%, recall of 93.47%, and an F1-score of 93.49%. Based on the
best-performing model, 48 genes were identified as potential biomarker candidates,
7 of which are supported by previous breast cancer studies. Biomarker validation
was also conducted by calculating the individual gene ROC-AUC scores, with the
highest value reaching only 0.638, indicating that the combination of genes provides
stronger predictive power than individual genes. This study supports the potential
of machine learning approaches for effective classification of breast cancer stages
using RNA-seq gene expression data.

Keywords: Biomarker, Breast Cancer, Feature Selection, Machine Learning, RNA-
seq
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