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Main quantitative results in this report are derived by AutoDiscovery,
a discovery tool built by Allen Institute for AI

Despite major advances in cancer prevention, screening, and early detection, the incidence of
many cancers continues to rise. Breast cancer now is now diagnosed in around 300,000 people each
year in the United States (1), and melanoma for another 100K (United States Cancer Statistics) (2).
These malignancies are among the most common cancers diagnosed in young adults making the need
for deeper understanding especially urgent (3,4). While recent therapeutic innovations have brought
meaningful progress, too many patients still face later diagnosis, limited therapeutic options, or poor
outcomes. To drive the next generation of breakthroughs, it is essential to better understand the
clinical, biological, and tumor-specific factors that shape cancer risk, presentation, and response to
treatment.

The United States has invested heavily in large-scale cancer data resources, most notably The
Cancer Genome Atlas (TCGA), which generated an unprecedented public repository of compre-
hensive, anonymized, clinical and molecular data across thousands of tumors. This effort included
more than 1,000 breast cancers and approximately 500 melanomas and required an investment of
roughly $1 billion to complete. Yet the sheer scale and complexity of these datasets have made
them challenging to fully explore. As a result, many analyses have relied on targeted, “fishing”
approaches where a predefined hypothesis is cast like a lure and thus largely recovers what was
expected (5). We hypothesize that systematic exploration can reveal important patterns missed by
earlier methods and unlock new insights from these substantial existing investments. AutoDiscov-
ery (6) introduces a key breakthrough by combining hypothesis generation with surprisal detection,
allowing systematic discovery that is not possible with other LLMs that rely solely on user supplied
hypotheses.

Physician-scientists, data scientists, and AI experts at the Paul G. Allen Research Center (Prov-
idence Swedish Cancer Institute in Seattle), the Earle A. Chiles Research Institute (Providence
Cancer Institute in Portland), and the Allen Institute for Artificial Intelligence (Ai2) are working
together to apply AutoDiscovery to melanoma and breast cancer datasets from The Cancer Genome
Atlas (TCGA). Reassuringly, for well-established findings that inform current therapies, such as
the higher frequency of BRAF mutations in melanoma among younger patients or the way PIK3CA
mutations shape PI3K pathway gene expression and prognostic differences in breast cancer, the tool
has identified these hypotheses as clinically and biologically important, reproduced the expected
outcomes, and categorized them as non-surprising. This performance supports the accuracy and
reliability of AutoDiscovery.

More importantly, AutoDiscovery revealed several key areas for further investigation and gener-
ated new plausible hypotheses. In melanoma, it identified novel associations involving immune cell
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infiltration that are now undergoing secondary validation. In breast cancer, it highlighted multiple
factors associated with lymph node spread, a finding that could influence surgical strategies in
early-stage disease. Current efforts are focused on streamlining hypotheses, reducing redundancy,
and incorporating clinical expertise input to prioritize areas with the most immediate potential for
research advancement and clinical impact.
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