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Background
Tremendous progress towards understanding the molecular underpinnings of 
cancer has ushered in an era of precision medicine, where actionable biomarkers 
inform rational design of novel drugs, repurposing of existing medications or new 
combination therapies, agnostic of tumor type. However, less than 20% of cancer 
patients match with therapies using existing predictive biomarkers. There is 
therefore an acute need for new methods to identify the expanded population of 
patients who could benefit from existing drugs and improve patient selection and 
design of clinical trials evaluating new or repurposed drugs.

Zephyr’s ML algorithms identify pharmacological 
sensitivities and genetic vulnerabilities

We developed systems biology-informed AI methods trained on vast multi-omics 
and multi-modal datasets from DepMap, TCGA and other publicly available 
sources, to uncover latent vulnerabilities existing in tumors (Figure 1). These 
vulnerabilities map to pharmacological sensitivities and can be assigned to 
individual patients using clinically available molecular data. Foundational to the 
interpretability and novel biological insights generated by our models is the use of 
structured biological networks3,4, which are a commonly used framework in 
systems biology and increasingly used to build interpretable ML models for 
computational biology.

Zephyr’s algorithms generate interpretable drug 
response predictions from Real-World Data

Our model accurately 
predicts response to the 
TKI across diverse cancer 
cell lines with high 
accuracy (r2= 0.768; rho= 
0.83; mean absolute error 
= 0.065). Using NSCLC 
cancer cell lines and 
NSCLC PDX model 
systems heterogeneous 
for this TKI’s current FDA 
molecular label, we were 
able to further validate 
our model’s predictions, 
show they were not 
dependent on obvious 
molecular confounders, 
and demonstrate a 
potential label expansion 
opportunity for this drug 
beyond the current 
narrow molecular label. Conclusion

We have developed an ML model that uses clinically available NGS data to accurately 
predict increased sensitivity to Tagrisso, a third-generation TKI, validated in NSCLC 
cell lines, PDX models and a RWD patient cohort.
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To evaluate our model, we focused on predicting sensitivities to Tagrisso, a 
third-generation tyrosine kinase inhibitor (TKI), which we assessed in non-small cell 
lung cancer (NSCLC) cell lines, patient derived xenografts (PDXs) and a 
clinicogenomics cohort we assembled from two distinct RWD cohorts (n=334 
patients treated with TKI of interest).

Figure 4 |Interpretability of Zephyr AI Tagrisso predictions via Vulnerability Networks. Tagrisso-sensitive tumors harbor genetic 
sensitivity to EGFR perturbation, but are not defined by EGFR mutations, TP63 and CDK6 genetic dependence. Combination of CDK4/6 inhibitor 
and Tagrisso was demonstrated to overcome Tagrisso acquired resistance6. Tagrisso-insensitive tumors are defined in part by a genetic sensitivity 
to Krüppel‐like factor 4 (KLF4). KLF4 has been demonstrated to promote c‐Met amplification‐mediated TKI resistance in NSCLC7 and efficacy of 
TKIs in TNBC by repressing EGFR8. 

Figure 3 | Preclinical validation of Zephyr AI predicted response to a TKI and demonstration of a label expansion opportunity within 
NSCLC. The drug’s current FDA molecular label was used to assign PDXs to FDA ON or FDA OFF label groups based on the presence or absence of DNA 
alterations indicated for this drug. PDX tumors were subcutaneously implanted into female NOD/SCID or BALB/c nude mice, in triplicate for a total of 96 
mice (n=48 treated; 48 vehicle-treated controls). After implanted tumors reached a size of 200mm3, mice were randomized into treatment and control 
groups. Treated mice were dosed with 25mg/kg/day of the TKI for 3 weeks. Changes in tumor volume were calculated as previously described2.

Zephyr AI sensitivity predictions validated in preclinical NSCLC 
PDX models in both FDA-on and FDA-off label contexts

Figure 1 | Zephyr AI computational framework. Structural embeddings of small molecule drugs of interest along with 
mutation and copy number data from commercial NGS cancer panels and a subset of clinical data are used to generate drug 
sensitivity predictions for each drug on a per patient basis (Left). Biological interpretability is achieved through assignment of a 
Vulnerability Network (VN), which represents latent genetic vulnerabilities operative in tumors that correspond to pharmacological 
sensitivities (Right). VNs further expose potential targets and provide biological context for existing targets.
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Figure 2 | NSCLC patients Zephyr predicted to be sensitive to Tagrisso have longer progression 
free survival. A) Data obtained in real-world settings were used to assign drug sensitivity predictions to 
individual patients in a RWD cohort of NSCLC patients treated with Tagrisso. B) Kaplan-Meier plot depicting 
corresponding OS measurements of patients our algorithms predicted to be sensitive vs. insensitive. 
NSCLC patients our algorithms predicted to be sensitive experienced a 35 month increased median OS 
than the predicted less sensitive group; Log-rank test p-value<10-5; HR= 1.57 (1.43-1.78, 95% CI). C) CoxPH 
analysis indicates that in addition to ZephyrAI prediction, sex and stage might be confounding factors. D) 
Subsetting the population to stage IV females still produces significance based on Zephyr AI prediction.
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