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Abstract. The complexity and heterogeneity of cancers leads to variable responses
of patients to treatments and interventions. Developing models that accurately
predict patient’s care pathways using prognostic and predictive biomarkers is
increasingly important in both clinical practice and scientific research. The main
objective of the ATHENA project is to: (1) accelerate data driven precision medicine
for two use cases — bladder cancer and multiple myeloma, (2) apply distributed and
privacy-preserving analytical methods/ algorithms to stratify patients (decision
support), (3) help healthcare professionals deliver earlier and better targeted
treatments, and (4) explore care pathway automations and improve outcomes for
each patient. Challenges associated with data sharing and integration will be
addressed and an appropriate federated data ecosystem will be created, enabling an
interoperable foundation for data exchange, analysis and interpretation. By
combining multidisciplinary expertise and tackling knowledge gaps in ATHENA,
we propose a novel federated privacy preserving platform for oncology research.
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1. Introduction

Pharmaceutical compounds and/or other therapeutic interventions may not show the
same level of efficacy in all patients, leading to the term “imprecision medicine”. Any
approach that can enhance the effectiveness of therapy should be welcomed. There is a
strong belief in the benefits of enriching available clinical patient information (non-
omics data) with omics data which refers to large biomarker data sets characterizing
biological features such as genomics, transcriptomics, proteomics etc. [1]. Omics data is
considered as supporting data to gain a deeper understanding of the complex
multifactorial causes and the natural evolution of a disease; as well as defining patient
characteristics that can predict treatment success [2]. Such knowledge is needed for a
wide range of diseases, most notably in oncology. Thus, improved disease insight in
combination with predictive analytics form the basis of Personalized Medicine.

Project ATHENA (Augmenting THerapeutic Effectiveness through Novel
Analytics), aims at gaining a deeper understanding on the various challenges of creating
this combined omics and non-omics data approach for researching two cancer types: one
solid tumor (bladder cancer) and one hematological cancer (multiple myeloma). Bladder
cancer is selected because of its challenges in risk stratification, and multiple myeloma
because it is regarded as one of the most complex cancer types exacerbated by a
multitude of treatment options [3]. Improvements in targeted treatment will require the
identification of relevant, actionable biomarkers to either risk stratify or adapt treatments.
Identification of such markers requires analyses of data across the entire pheno-
genotypic (omics and non-omics) set of characteristics and across a fully longitudinal
follow-up of an entire patient cohort. This can create considerable privacy challenges.
To overcome these, we will take a federated and privacy preserving analytics approach
whereby data stays local under the control of the original data custodians.

Current state-of-the-art in Omics/Non-omics integration and Federated learning

Omics data integration has been addressed in recent years [4, 5]. However, only a few of
them resulted in omics-based algorithms with sufficient predictive ability to be
implemented into clinics or public health domains [2,6]. The relatively poor predictive
ability of genomic data may be explained by the difficulty to analyse and extract relevant
information from the omics data and by the large variation of health-related traits
explained by non-omics data [7]. Therefore, it is crucial to integrate omics and non-omics
data in the same models [8]. There is strong demand for federated systems that enable
joint analysis efforts across multiple partners holding sensitive or competitively valuable
data. Several projects aimed to address data privacy including Machine Learning Ledger
Orchestration for Drug Discovery (MELLODDY), where machine learning is used to
accelerate drug discovery while ensuring privacy preservation of both the data and the
models through federated learning [9].

2. Concrete Objectives and Criteria
The main objective of the present project is to generate new knowledge to create a

federated privacy preserving machine learning platform that can execute the newly
researched machine learning algorithms according to medical case requirements.



P. Petsophonsakul et al. / Augmenting THerapeutic Effectiveness Through Novel Analytics 831

2.1. The supporting info/infrastructure will require research on and integration of the
following data pipelines:

e Non-omics data processing pipeline for clinical and patient recorded data.

e Non-omics imaging data processing pipeline with algorithms for the
standardization and privacy preservation of imaging data.

e Standardized high performance pipelines for omics data processing.

e High performance somatic variant calling pipelines.

e  Systems genetics pipeline for feature extraction from omics data.

A modular technical design will be used in support of data gathering and distributed
analytics. Data pipelines (clinical, image and omics) and the output of each pipeline
comes together in an integrated data warehouse for each of the participating institutions.
These data warehouses form the basis for the exploration via distributed machine
learning.

2.2. The performance of the platform should enable optimum data flow and linkage with
proper user management incorporating appropriate user authentication and
authorisation and thus be robust once scaled up.

2.3. Explore, research, and develop

e Novel capabilities for data from real-world patient trajectories.

e  Federated and privacy-preserving implementations of these techniques that let
consortium partners protect the privacy of patient data and maintain full control
over the processing of these data at all times.

e  Appropriate algorithms to ensure standardization and privacy protection of
imaging data for the creation of the non-omics visualization pipeline.

2.4. Accelerate data driven precision medicine for two use cases — bladder cancer and
multiple myeloma.

Bladder cancer: To develop a retro- and prospective longitudinal dataset of the entire
population treated for non-muscle-invasive bladder cancer (NMIBC) including
phenotype and genotype information, stored on local data sources and capable of generic
data extraction to address NMIBC key scientific questions. Multiple myeloma: To
develop a prospective longitudinal dataset of the entire population treated for multiple
myeloma including phenotype and genotype information, stored on local data sources
and capable of generic data extraction to address key scientific questions.

2.5. Define a governance framework (incl. legal, ethical, data privacy aspects) and
conduct project management to successfully accomplish the project goals.
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Figure 1. Structural approaches of ATHENA

The research will tackle the fundamental challenges associated with integrating omics
and non-omics data by means of investigating and creating the appropriate data
ecosystem that will enable an interoperable foundation for data exchange and capability.
This will serve as the underlying info/infrastructure to facilitate the investigation and
creation of a federated and privacy-preserving machine learning platform. A schematic
overview of the ATHENA research project with different work packages (WPs) is
provided in Figure. 1.

4. Deliverables (year 1)

1. Standardization of data catalogue and harmonization of NMIBC and multiple
myeloma data

2. Independent Privacy/Security audit of local instance of Feder8 platform, a

federated data network solution, and implementation of the central and local

Feder8 component

High-level architecture blueprint for data pipelines integration

4. Approvals of technical and retrospective bladder cancer protocol

W

5. Impact and Expected Outcome

Resulting machine learning methodologies and the clinical outcomes of the project
represent new knowledge that is set to advance the current state of the art in their
respective fields. Industry impact: New knowledge on infrastructure, pipelines,
warchouse data management, integration, security, standardization and privacy
algorithms (analytics) etc., offering valuable economic impact for industry partners and
opportunity for future development. Independent research impact: Proof of principle
on new application-driven machine learning methodologies. Clinical outcomes offering
new insights into bladder cancer and multiple myeloma for improved patient treatment.
ATHENA is the new omics and non-omics approach to personalized medicine. Clinical
impact: Insights in disease mechanisms and impact of different progression, optimal
care and treatment pathways and patient risk-stratification for bladder cancer and
multiple myeloma will be obtained by applying distributed analytics.

Within the ATHENA framework, a federated privacy preserving machine learning
platform that can execute machine learning algorithms according to specific medical case
requirements will be developed. This platform allows multiple hospitals to collaborate
and build a common machine learning model without directly sharing sensitive data
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(Figure. 2) Each institution remains in full control of its own data and resources. The
platform offers privacy by design and complies with General Data Protection Regulation
(GDPR) [10]. Expected project outcomes include (1) Removed barriers in ethics, consent
and data governance, data quality and interoperability and affordability (2) Strengthened
research partnership between academia and industry (3) Established regulatory
frameworks and policy, as a basis for value-based healthcare.

Figure 2. ATHENA privacy-preserving machine learning platform

6. Conclusions

ATHENA brings together a unique, multidisciplinary and complementary partnership of
oncologists, experts in IT architecture, data science, high performance cloud computing,
genomics and medical affairs. ATHENA utilizes leading-edge technology to integrate
and enrich patient level data and analytics. The project leverages machine learning to
generate insights from electronic health record (EHR), genomics and medical imaging
data, thus creating a federated privacy-preserving machine learning platform that will
accelerate data driven precision medicine and provide solutions to ethics, consent and
data governance, data quality, interoperability and sustainability.
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