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Overview

MSKCC experience
« Mutational landscape in advanced breast cancer

* Novel mechanisms of resistance to hormonal therapy



TCGA and other large-scale genomic studies identified
the genomic landscape of primary treatment-naive
breast cancer
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Distinct subtypes have different repertoires of
mutations, but no highly recurrently mutated gene
IS subtype specific
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Few highly recurrent mutations in primary BC
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Few driver mutations in primary BC
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Limitations of TCGA and similar studies

* Majority of cases are treatment-naive
primary BC

* Most cases Stage |l or llI

* No information about treatment response

* No information on genomic alterations in
distant metastases
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MSK- IMPACT test

The Journal of Molecular Diagnostics, Vol 17, No. 3, May 2015
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Overview of the MSK-IMPACT clinical workflow
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MSK-IMPACT™ Is the First Tumor-Profiling
Multiplex Panel Authorized by the FDA

November 15, 2017

Targeted tumor sequencing assay to detect DNA genomic alterations in
468 common oncogenes and tumor suppressors
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Cumulative number of breast cancers tested with MSK-IMPACT
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MSK- IMPACT breast cancer study

1918 tumors Consecutive cases
1756 breast cancer patients  Jan 2014- May 2016
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Compared to TCGA, the MSK cohort is enriched for
patients with high-risk features at diagnosis
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Patterns of aberrations among major breast
cancer genes and receptor subtypes are mostly
consistent with the previous landscape studies
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Comparing alterations in MSK series with TCGA
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Total of 313 statistically significant hotspot mutations in 72 genes

Novel hotspots identified in multiple cancer genes
PIK3CA, ERBB2, FOXA1, and RHOA
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All the identified novel PIK3CA mutations are activating
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Potential breast histology-specific function among
different mutational hotspots in FOXA1
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Genomic lesions associated with diverse metastatic tropisms
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GATA3 Expression in Advanced Breast Cancer

Prognostic Value and Organ-Specific Relapse
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Gene enrichment comparing mets with primary BC
26 genes significantly more common in metastases
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Novel mechanisms of resistance to hormonal therapy



The efficacy of Endocrine Therapy for ER+ Metastatic BC
decreases over time: What drives resistance?
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Gene enrichment comparing mets with primary BC
26 genes significantly more common in metastases
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* ESR1 mutations in 10% of 929 women

= 3.5% in primary BC (11/313 cases)
= 13.6% in metastatic BC (84/532 cases) s/p endocrine therapy, especially Al

* D538G (36%) and Y537S (14%) most frequent mutations
» All ESR1 mutations are activating, but differ regarding the level of activation
and the response to Selective Estrogen Receptor Degraders (SERDs)

* Y537S most potent activating mutation—=> in vivo resistance to fulvestrant

* Novel agents are being developed

* ESR1 mutants = available IHC antibodies detect ER mutant proteins
Ross et al, Mod Pathol 2018
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ESR1 mutants are prevalent and are associated with shorter OS

Overall Survival: ESR1 single vs multiple mutations
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Gene enrichment comparing metastases with primary tumors
26 genes significantly more common in metastases
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MAPK and transcription factors frequent alterations are
significantly more common in endocrine resistant tumors
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MAPK and Transcription Factors alterations are mutually

exclusive with ESR1 hotspots
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MAPKinase and Transcription Factors (TF) alterations are
associated with poor response to endocrine therapy

Progression-free survival
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MAPK signaling alterations: EGFR amplification
and NF1mut (->loss of NF1 function)

« Associated with resistance to fulvestrant in vitro in ER+ MCF7
cell viability study (data not shown)
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Alterations in MAPKinase signaling and Transcription Factor
regulation represent a biologically distinct mechanism of
resistance to hormonal therapy

Mutually exclusive with ESR1 mutations at the level of individual tumors
Associated with a shorter duration of response to hormone therapies

Pre-existing alterations in these pathways associated with intrinsic
endocrine resistance. Such alterations are often subclonal in the primary
BC and evolve into the dominant clone under the selective pressure of
anti-estrogen therapy (data not shown)

Other alterations were acquired as polyclonal and convergent
mechanisms of secondary drug resistance (data not shown)

MAPK and ESR1 mutations co-exist in separate metastatic lesions from
the same patient (research autopsy, data not shown)

Razavi et al, 2018 Cancer Cell, 34,427-438



Emerging taxonomy of endocrine resistance breast cancer
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Summary

» Novel hotspot alterations identified in multiple genes
« All the novel PIK3CA hotspots were activating mutations
« FOXA1 hotpots were histology specific

* Full clinical annotation of the first ~2000 tumors including detailed treatment and
outcome data results in identification of predictors of drug response and
resistance to hormonal therapy

» Our findings suggest an emerging taxonomy of endocrine resistant breast cancer
1. Tumors harboring
2. Tumors bearing
3. Tumors with
4. Pan-wildtype tumors with a still occult mechanism of drug resistance

« Some of the MAPK alterations are potentially therapeutically targetable including
ERBB2 activating mutations, NF1 loss and EGFR amplification and could lead to
new strategies to revert or delay resistance.
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