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INTRODUCTION

Accurate anti-cancer drug recommendations and
1dentification of essential biomarkers for this task are crucial
to precision oncology. Large-scale drug response assays on
cancer cell lines provide a potential way to understand the
interplay of drugs and cancer cells. Predicting the sensitivities
of cell lines to a panel of potential molecules based on omics
data of the cell lines 1s challenging 1n three primary aspects.

* Robust model: Drug sensitivity data are noisy and often
contain many missing entries.

* Contextual effects: The relationship between the
molecular profiles of cell lines and drug response 1s
complex.

* Interpretability: Cancer researchers and clinicians are
concerned about the clinical implications of the models,
with an emphasis on how the critical biomarkers affect the
final prediction results.

METHODS

We present CADRE (Contextual Attention-based Drug
REsponse). CADRE builds on the framework of collaborative
filtering, which provides robustness to the noise of biological
data by leveraging similarities within drugs and cell lines. It
utilizes the contextual attention mechanism to 1dentify
informative biomarkers of these cell lines, which boosts
prediction accuracy and affords interpretability of results.
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Overall architecture: collaborative filtering
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SADRE: Self-Attention-based Drug REsponse

Cell embedding is the weighted sum of gene embeddings:
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a1, Q, ...,y = Self-Attention (eq, eq, ..., €,)

Self-attention implemented as a sub-neural network:
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CADRE: Contextual Attention-based Drug REsponse
Drug pathway knowledge 1s integrated:

aq, a9, ..., oy, = Contextual-Attention (eq, ey, ..., e, ep)
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Pretraining gene embeddings

Gene embedding pretrained using gene2vec, a variant of word2vec

variant, on the GEO database.

RESULTS

CADRE outperforms competing models
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Effective attention-encoded cell line representation
contributes to the major improvements of performance
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CADRE identifies the critical biomarkers related to
drug resistance
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CONCLUSIONS

CADRE 1s an interpretable machine learning model that
accurately predicts drug sensitivities of cancer cell lines
from their expression levels.

* CADRE built upon collaborative filtering, which 1s
capable of coping with noisy data.

* The attention mechanism of CADRE improves both
model interpretability and performance.

* (Gene representations transferred from external database
boost CADRE performance further.
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