Penn
Engineering

UNIVERSITY 0f PENNSYLVANIA

Cancer Engineering Through Al-Enabled Digital Twins
Investigators: Ravi Radhakrishnan, Dennis Discher, Vivek Shenoy, Nat

Trask, Paris Perdikaris, Jina Ko, Arjun Raj, Rebecca G. Wells, Paul
Janmey, Kyle Vining, Sydney Shaffer

Background

Cancer’s heterogeneity spans genetic, epigenetic, metabolic and mechanobiological variations, and
thereby creates major barriers to therapy and personalized treatment. Even with multi-omics and liquid
biopsy technologies, the resulting data are too complex for conventional analysis.

The Big Idea
Build verifiable cancer digital twins (VCDTs) that combine physics-based mechanistic modeling with
Al-enabled inference to guide cancer discovery and personalize therapy.

Why does this matter? Traditional cancer analysis tools fall short of predicting tumor evolution and
treatment responses.

What will you do? By coupling mechanistic, physics-based models with machine learning surrogates, we
can create dynamic, multiscale virtual replicas of patient tumors. These “digital twins” continuously update
with molecular, histological and imaging data, enabling predictive forecasting of progression, recurrence,
metastasis and immune interactions. Large-scale computation can capture the variance and evolution,
which complements and accelerates major experimental efforts worldwide on patient-specific arrays of
tumor organoids and related approaches that have limits in terms of scalability and time for development.

How will you do it? Penn Engineering labs are developing hybrid models embedding signaling logic into
agent-based simulations of tumor-immune-stroma dynamics. Machine learning surrogates will accelerate
these simulations, while physics-informed Al will ensure biophysical fidelity. Advanced machine learning
and uncertainty quantification frameworks will enable real-time prediction while maintaining biological
consistency and providing clinical credibility. The digital twin can then become a “game engine” for testing
therapies, combinations and dosing strategies in silico.

Impact
By combining mechanobiology, immune engineering and nanomedicine, VCDTs link tumor

microenvironment features to treatment outcomes and generate synthetic datasets to augment limited
clinical data. Penn’s strengths, including Penn Medicine’s clinical cohorts, Penn Engineering’s Al
expertise and Penn Dental Medicine leadership in oral cancer biology, create a powerful translational
ecosystem. Partnerships with Amgen, Sanofi, Corning and Siemens Healthineers will support
co-development of VCDTs for drug design, delivery and diagnostics. Overall, this program will expand the
translational funnel, enabling systematic testing and prioritization of multiple leads, accelerating the
pathway from discovery to clinical impact.

Learn More


https://fling.seas.upenn.edu/~biophys/dynamic/wordpress/
https://directory.seas.upenn.edu/dennis-e-discher/
https://shenoy.seas.upenn.edu/
https://pimilab.github.io/
https://pimilab.github.io/
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https://www.wellslab.com/
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