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Introduction

Synthetic medical data generation tackles critical challenges in healthcare
research and technology by offering privacy-preserving, diverse, and
accessible data for algorithm development, simulation, and validation. By
complementing real medical datasets, it accelerates innovation, improves
research outcomes, and advances data-driven approaches to healthcare
delivery and patient care.

Objectives

e To provide an in-depth understanding of the importance of synthetic
medical data generation in healthcare research and technology.

e To explore the methods, techniques, and applications of synthetic
medical data generation.

e To discuss the challenges, considerations, and future directions in the
field of synthetic medical data generation.

Scope

e Methodologies and Techniques
Applications and Use Cases
Challenges and Considerations
Future Directions and Opportunities
Conclusion
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Methods and Techniques

e N 4 N
Statistical Modelling ) Relatively simple and straightforward approach,
[Ref 1] 09_ suitable for generating synthetic data with
known statistical characteristics
This techniques involve fitting statistical N~ 4
distribut.ions to rea! medical qata and ( May not capture complex relationships and h
generating synthetic data points that 28l dependencies present in real medical data,
follow the same statistical properties. 8 limited flexibility in representing diverse data
Y ) Y structures and patterns. )
4 ) / N\
Bootstrapping » Preservgs .statlstlcal propgrtles and varlablllt.y
< of the original dataset, suitable for hypothesis
[Ref 2] o . L .
testing and statistical analysis.
This is a resampling technique where N ~
observations from an existing dataset 4 A
are randomly sampled with replacement o Assumes the o.riginal dataset is representative,
to create synthetic datasets of equal or 8 may not effectively capture rare events or
larger size. outliers.
- J - /
- N\ Allows for the creation of diverse and realistic )
Data Transform?tlon synthetic data by introducing controlled
and Perturbation variations and modifications to the original
[Ref 6] 9 data. P
This technique involves modifying or @ Requires careful selection of transformation )
perturbing existing medical data to create methods to preserve data integrity and validity,
synthetic datasets with altered features may introduce biases or distortions if not
S or attributes. ) U applied appropriately. P
) ( Capable of capturing complex data )
Generative Models (e.g., distributions and generating highly realistic
Generative Adversarial Networks synthetic data, suitable for images, sequences,
- GANSs) [Ref 3] N and structured data. )
They produce synthetic data by training a ( Training GANs is computationally intensive, h
generator network to create samples requiring large training datasets. They may suffer
indistinguishable from real data by a from mode collapse or instability during training and
discriminator network.

S ) N are challenging to interpret and validate. )
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Methods and Techniques

-

Markov Models

[Ref 4]

These are probabilistic models that
capture the temporal dependencies and
transitions between states in sequential

data, such as medical time series data
or patient trajectories.

Simulation Models

[Ref 5]

They replicate healthcare processes,
treatments, and interventions to
generate synthetic data portraying
hypothetical scenarios or clinical

-

Pros

Effective for generating synthetic sequential
data with realistic temporal dynamics and
dependencies, suitable for modelling patient
pathways and disease progression.

outcomes.

-

Rule-Based Generation
[Ref 7 & 8]

It defines rules, constraints, and
heuristics to create synthetic data
meeting specific criteria or conditions.

-

Synthea
[Ref 9]

It generates synthetic electronic health
records (EHRs) mirroring real-world patient
demographics, medical histories, and
clinical encounters. It simulates a diverse
patient population's interactions with

healthcare providers over time. )

Cons

Requires knowledge of transition probabilities
and model parameters, may oversimplify
complex interactions and nonlinear dynamics in
real medical data.

Pros

Facilitates synthetic data creation for scenario
testing, treatment optimization, and policy
evaluation, offering insights into system
dynamics and decision-making processes.

/

Cons

Relies on assumptions and simplifications of real-
world phenomena, potentially lacking accuracy in
capturing clinical complexity and variability.
Validation against real data is necessary.

-

Offers control over the generation process,
enabling creation of synthetic data with
predefined characteristics and properties.

G

Cons Pros

Limited by complexity and expressiveness of
defined rules, potentially missing emergent
patterns or interactions in real medical data.

-

Enables synthetic data generation for scenario
testing, treatment optimization, and policy
evaluation, offering insights into system
dynamics and decision-making processes.

Cons Pros

Relies on simplifications and assumptions of real-
world phenomena, potentially lacking accuracy in
capturing clinical complexity and variability.
Validation against real data is required.
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Considerations in Medical Data Synthesis

Ensure to not contain any personally identifiable information (PII) or
sensitive health information that could violate regulatory requirements (e.g.,
HIPAA, GDPR).

Ensure to maintain the utility and realism.

Ensure to represent a wide range of data diversity.

Ensure that the quality and integrity meets predefined standards and
requirements.

Ensure fairness mitigate biases.

Ensure compliance with applicable laws, regulations, and ethical standards.
Ensure to maintain transparency and documentation of the processes.
Ensure to conduct thorough evaluations, comparisons and validations
against real data.

Ensure continuous improvement and iteration.

Medical Data Synthesis
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GDPR
=

Regulatory
requirements
(e.g., HIPAA,
GDPR)
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Applications and Use Cases

e Serves as a valuable resource for training and evaluating machine learning
models.

e Allows researchers and clinicians to simulate clinical scenarios.

e Facilitates the evaluation and validation of healthcare technologies.

e Supports the design, planning, and analysis of clinical trials by providing
virtual patient cohorts and trial simulations.

e Enables the modelling and simulation of healthcare policies.

e Serves as educational resources for medical students, residents, and
healthcare professionals in training.

e Supports the development and testing of clinical decision support systems
(CDSS).

e Facilitates research and development in genomic medicine and precision
healthcare.

e Supports public health surveillance and epidemiological studies.
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Challenges

e Ensuring robust privacy protection.

Ensuring the quality, accuracy, and realism.
Achieving interoperability and standardization.
Addressing biases and ensuring fairness.
Maintaining ethical and regulatory Compliance.

Privacy
Protection

TI Quality and
Accuracy

T/ ili
e Interoperability

Data

Synthesis @ (/

v (¥ Biases and
f Fairness

(5] Ethical

(2 () Compbliance

Future Directions

e Developing advanced generative models.

e Integrating multiple data modalities.

e Personalized Synthetic Data.

e Dynamic and Temporal Data Generation.

e Developing collaborative data synthesis platforms and repositories.

e Explainable and Transparent Models.

e Conducting interdisciplinary research on the ethical, legal, and social
implications.
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Conclusion

Synthetic medical data generation offers a promising solution to the challenges
of using real medical data in healthcare research and practice. By synthesizing
privacy-preserving, diverse, and representative datasets, it provides a valuable
resource for advancing healthcare innovation and improving patient care.

In summary, synthetic medical data generation is a promising approach to
overcoming the limitations of real medical data in healthcare. By embracing this
paradigm, we can drive innovation, address complex challenges, and improve
health outcomes for individuals and populations worldwide.
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About Us

As a boutique firm specializing in clinical research consulting, Maxis Clinical
Sciences is committed to optimizing clinical research and development
(R&D) processes in the pharmaceutical and life sciences industry. We
deliver strategic consulting that drive innovation, efficiency, and improved
patient outcomes. With a deep understanding of the complex challenges
faced by our clients, we provide comprehensive solutions that encompass
clinical trials design, development, real world evidence (RWE) solutions,
data analytics, all geared towards providing care that is tailored to individual
patient requirements.

ssssssssssss

510 Thornall Street, Suite 180 Edison, NJ 08837
T+1 (732) 889-2444
www.maxisclinical.com
info@maxisclinical.com




