
 
 

 

 

 

 

 

 

 

 

 

 

 

Explainable Multi-Omics AI Framework for 

Breast Cancer Stage Classification: 

Integrating Gene Expression, Proteomics, 

and Mutation Data. 

 

 

MSc Research Project 
 

MSc in Artificial Intelligence 
 

 

 

Sriram Samala 
 

Student ID: 23338032 
 

 

 

School of Computing 
 

National College of Ireland 
 

 

 

 

Supervisor: Arundev  Vamadevan



 

 

National College of Ireland 
 

MSc Project Submission Sheet 
 

School of Computing 
 

Student 
Name: 

 

Sriram Samala 

 
Student 

ID: 

 
23338032 

 
Program
me: 

 
MSc in Artificial Intelligence 

 
Yea
r: 

 
2024-2025 

 
Module: 

 
Researc practicum 

 
Lecturer: 

 
Arundev vamadevan 

Submissi
on Due 
Date: 

 
11/08/2025 

 

Project 
Title: 

 
Explainable Multi-Omics AI Framework for Breast Cancer Stage 

Classification: Integrating Gene Expression, Proteomics, and Mutation 

Data. 

 
Word 

Count: 

 

……………………………………… Page Count: 
………………………………….…….……… 

 
I hereby certify that the information contained in this (my submission) is information 
pertaining to research I conducted for this project. All information other than my own 
contribution will be fully referenced and listed in the relevant bibliography section at the 
rear of the project. 
ALL internet material must be referenced in the bibliography section. Students are 
required to use the Referencing Standard specified in the report template. To use other 
author's written or electronic work is illegal (plagiarism) and may result in disciplinary 
action. 

 
Signature: 

 
Sriram Samala 

 
Date: 

 
11/08/2025 

 
 
PLEASE READ THE FOLLOWING INSTRUCTIONS AND CHECKLIST 
 

Attach a completed copy of this sheet to each project 
(including multiple copies) 

□ 



 

Attach a Moodle submission receipt of the online 
project submission, to each project (including multiple 

copies). 

□ 

You must ensure that you retain a HARD COPY of the 
project, both for your own reference and in case a project is 
lost or mislaid. It is not sufficient to keep a copy on computer.  

□ 

 
 
Assignments that are submitted to the Programme Coordinator Office must 

be placed into the assignment box located outside the office. 
 

Office Use Only 

Signature:  

Date:  

Penalty Applied (if 
applicable): 

 



1 
 

 

Explainable Multi-Omics AI Framework for 

Breast Cancer Stage Classification: 

Integrating Gene Expression, Proteomics, 

and Mutation Data. 
 

 

 

Sriram Samala 

Student ID: 23338032 

 
 

 

1 Introduction 
 

This research aims to present an explainable AI pipeline that performs breast cancer stage 

classification using multi‑omics data from TCGA‑BRCA. The multi-omics data included gene 

expression, proteomics, and mutation profiles. The preprocessing, feature selection, and 

dimensionality reduction using a deep autoencoder occurred in the same pipeline, as did the 

classification using XGBoost. The molecular drivers behind the predictions were interpreted 

using SHAP and LIME, which promote clinical trust and future applications of precision 

oncology. 

 

2 System Specifications 
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Figure 1. System specifications 

 

Software Used: 
● Microsoft excel: Used for custom dataset description. 

● Jupyter notebook: Used for all processing and as code runtime environment 

● Device: Used to store models, datasets and handle while runtime 

 

3 Dataset specification 
 

The dataset for the current study was obtained from TCGA‑BRCA cohort and includes three 

omics layers: gene expression measures from RNA‑seq, protein abundance values from RPPA 

assays, and binary somatic mutation data. All three modalities were aligned by patient ID for 

accurate multi‑omics alignment. Quality control procedures involved dropping samples or 

features with more than 25% missing data, mean imputation for the remainder of the missing 

data, and standardization to a common scale. The dataset was preprocessed with approximately 

3,500 breast cancer tissue samples and around 20,000 molecular features included after 

processing. Clinical stage labels were binarized to categorize as Early (Stage I/II) and Late 

(Stage III/IV) to inform classification tasks in the AI pipeline. 

 

 

 



3 
 

 

 

Figure 2 : multi omics dataset 

 

4. Project Development 
After collecting all data and storing it on a drive or storage place, the jupyter/colab notebook 

can be launched. Click on File, followed by Open notebook. As all the code files are stored in 

an .ipynb file, it can be opened easily and will contain all previous run results. You can mount 

a drive or use the notebook storage space for uploading and accessing the dataset. There is an 

option to run one by one or run them simultaneously. 

4.1 Importing Library: 

All the required Python libraries and packages are displayed in Figure 4. The jupyter notebook 

platform comes with several pre-installed versions and libraries. If necessary, please install the 

required libraries in your environment. These libraries are freely available and can be easily 

installed from the official Python site. 

 

 
 

Figure 3: Packages used in the Project 
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4.2 Importing Files: 

 
 

Figure 4: Importing Files 

4.3 Preprocessing and data validation: 

Data validation is important part of exploration. Figure 5 shows code implementation for Data 

validation techniques used. 
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Figure 5: Data preprocessing for multi-omics 
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4.5 Modelling: 

Model 1 on single omics: 

 

Model 2 on single omics: 
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Model 3 on single omics(best model performance): 

 
 

 

Model 4 on multi-omics: 
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