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IMPROVING CLINICAL DATA
HARMONIZATION FOR POPULATION
APPROACHES USING GRAPH DATABASES

Objective: Analytical workflows traditionally rely on tabular datasets. The
Increasing complexity and heterogeneity of clinical data impose a
substantial burden on preprocessing and harmonization. Graph databases
offer a relationship-centric alternative, enabling flexible representation and
supporting more efficient data handling for population modeling.

Methods

We developed a workflow for implementing graph
databases as a foundation for pharmacometric data
handling, leveraging their ability to represent
information as nodes (entities) and edges
(relationships).

Graph representations allow direct encoding of data
information dependencies without the constraints of
predefined relational schemas [1].

Graphs were built using the Neo4j environment, with
ingestion, cleaning, and exploratory analysis performed
through a custom Python workflow [2].

Results

As a representative case study, we used open-access
data from the Project Data Sphere SCLC repository,
focusing on three randomized controlled trials
enrolling patients with extensive-disease small cell
lung cancer (ED-SCLC) who were treated with
platinum—etoposide chemotherapy (n=872) [3].

Independent graphs were successfully constructed,
one for each randomized study. The resulting
structure enabled immediate visualization of the
data and treatment patterns.

Using native graph queries, we conducted
exploratory data analysis (EDA) directly on the
graph structures. This facilitated rapid linkage
across trials, allowing harmonization of variable
definitions and alignment of study structures
through relationship-based mapping rather than
manual table joins.

Conclusions

Graph databases offer a promising and flexible
alternative to traditional relational schemas for
handling complex clinical datasets in pharmacometrics.

By leveraging relationship-centric data representation,
graph structures enable more intuitive exploration,
easier harmonization, and more efficient integration
across heterogeneous trials and data sources.

Our case study demonstrates that graph-based
approaches can reduce data preprocessing burden,
improve transparency of dataset structure, and
accelerate the transition from raw clinical data to
analysis-ready inputs for population modeling.
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Tabular Database

Structure Data as a table. Each row represents an
individual observation, and each column
represents a specific attribute, variable, or
feature of that observation.

Data Slower, especially when updating related

Modification tables.

Schema Adding new attributes is difficult or even

Flexibility impossible in a live environment.

Query Slower, especially with complex relationships.

Performance

Modeling Logic modeling is intuitive but requires a

Approach structured schema and strict relationships.
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Future perspectives

This approach has direct relevance for reduced
preprocessing overhead and for preparation of
consistent datasets.

This is suitable for modeling and simulation
approaches that integrate multiple studies (i.e.,
popPK, PKPD, exposure-response for safety and
efficacy, survival analysis).

Graph databases can be useful in settings that require
multi-study integration of heterogeneous information
like real-world evidence, model-based meta-analysis
(MBMA), federated learning, or AI/machine-learning
pipelines.

Graph Database

Data as a graph, a set of nodes (or vertices)
and edges, where nodes correspond to
entities and edges encode relationships or
interactions between those entities.

More efficient for modifications due to the
native graph structure.

Easily allows adding new properties to
nodes and relationships.

Faster in terms of execution time and cost
(number of full database reads).

Flexible and intuitive modeling, especially
for complex and highly connected data.

MATCH (su:0verAllSurvivalStatus)

WHERE su.overAllSurvivalStatus = 'Alive’' OR
su.overAllSurvivalStatus = 'Death’

MATCH (m:NewMalignancy)

WHERE m.newMalignancy <> 'Unknown'

MATCH (p:Patient)

WHERE p.failureFreeSurvivalStatus = 'Survived'
MATCH (t:Treatment)

MATCH (sym:Symptoms)

MATCH (p)-[treat:Treatment]-(t)

MATCH (p)-[r:OverallSurvivalStatus]-(su)
MATCH (p)-[ml:NewMalignancy]-(m)

MATCH (p)-[sm:Symptoms]-(sym)

RETURN p,t,r,treat,su,m,ml,sm,sym LIMIT 200
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Figure. Graph database obtained by fusing the three ED-SCLC trials' source data. As an example, we show on the left
the graph obtained by pulling information on treatment, malignancies, symptoms, survival, and cause of death. On
the right we show an example of a graph query to retrieve the sub-graph of interest.
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