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Background

Epidermal Growth Factor Receptor (EGFR) family signaling is
commonly dysregulated in cancer by amplification or activating
mutations. Although studies have investigated dual EGFR/PI3K
inhibition in breast cancer, they have not determined biomarkers
that predict success. Here, we present a subset of patients with
EGFR amplification and PI3Kinase pathway mutations in breast
cancer that can be synergistically targeted by dual EGFR/PI3K
inhibition.

1) Investigate the frequency of EGFR amplification in breast
cancer and the clinical outcomes in patients with EGFR
amplification

2) Determine the frequency of coincident mutations in the PI3K
pathway in tumors with EGFR amplification

3) Determine the efficacy of EGFR and PI3K targeted therapy in
EGFR amplified tumor models

Frequency of EGFR amglificaion and PI3K pathway mutations (PIK3CA,
PIK3R1Z. PTEN. AKT1/213, TSC1/2/3) were studied through datasets from
«cBioPortal and Caris Life Sciences, Triple negative breast cancer (TNBC) cell
lines used include BT20 (amplified EGFR, PIKICA activating mutation), MDA-
MB-468 (amplified EGFR, PTEN deletion), and MDA-MB-231 (no EGFR or
PI3K EGFR was by immunoblot and
fluorescent in situ hybridizaticn, and PI3K mutations by sequencing. Signaling
was determined by immunoblot, drug synergy by cell viability, cell death by
propidium iodide staining, cell cycle analysis by flow cytometry, and xenograft
animal study. Caris Life Science CODEai was used to evaluate real-world
overall survival (OS) obtained from insurance claims and caloulated from date
of twmor biopsy to last conlact using Kaplan-Meier estimates. Statistical
significances were determined by chi-square and Mann-Whitney U test,
student's t-1est with 2 talled comparisons assuming equal variance, one-way

EGFR amplification and PI3K pathway mutations identify a subset of breast
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Figure 1: Overall Survival of patients with EGFR amplification
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A) Combination of TCGA, METABRIC, MSKCC datasets 1o analyze overall sunvival (OS) of patients
comparing EGFR amplification (red line) to patients without EGFR amplification (blue line). B) OS of
patients from Caris dataset with EGFR amglification (red line) compared to patients without EGFR
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Figure 2: Overall Survival of patients with EGFR amplification by
Breast Cancer Subtype
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Breast cancer sublype analysis of patients in TCGA, METABRIC, MSKCC and Caris datasel with EGFR

amplification. IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; nd, not done.

Datasets from TCGA, METABRIC and MSKCC combined showing
alterations in PI3K pathway genes in 75 patients with EGFR amplification.
Dataset from Caris showing alterations in PI3K pathway genes in 1,177
breast cancers with EGFR amplification.

Figure 3: EGFR protein expression and gene
ampl

cation, and PI3K mutations in MDA-MB-231,
MDA-MB-468 and BT20 cells
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A) Wester blat showing protein expression of EGFR, PIK3CA, PTEN and
HSC70 (loading control) in MDA-MB-231, MDA-MB-468 and BT20 cells.
B) FISH analysis showing EGFR {red) and CEPT (aqua, confrol) in MDA-
MB-231, MDA-MB-468 and BT20 cell lines, Average EGFR signal per
nuclei was quantified using ImageJ, and stalistical analysis was
performed by Student's test, with *** indicating p<0.0001 and **
indicating p<0.01 compared to MB231. C) DNA sequencing for PIK3CA
mutation status in BT20, MDA-MB-468 and MDA-MB-231 cell lines

Figure 4: Dual EGFR/PI3K inhibition synergistically
reduces cell viability, induces apoptotic cell death in
TNBC with EGFR amplification and PI3K alteration
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A) MDA-MB-231, B) MDA-MB-468 and C) BT20 cells all in three o more independent
experiments were treated with the indicated doses for 48 hours, and then viability was
determined by Promega CellTiter-Glo 2.0. Dala represents the average +SEM of the
independent experiments, and statistical analysis was performed as Two-Way ANOVA,
and the p value indicates interaction, where ns indicates not statistically significant, **
indicales p<0.01, *** indicates p<0.001 and **** indicates p<0.0001. The averages were
also subjected to four different synergy score analyses through synergyfinder.arg, where:
a score of >+10 Indicates synergy. -10 to +10 indicales addilive effects, and <10
indicates antagonism. D) MDA-MB-231 (1 uM alpalisib, 1 pM afatinib), E) MDA-MB-468
(3 UM alpelisib, 10 UM afatinib) or F) BT20 cells (1 M alpelisib, 1 uM afatinib) were
pretreated with 20 pM Z-VAD-FMK (ZVAD) for one hour, and then were treated with
indicated drugs with continued ZVAD treatment in 1% FBS RPIM1 media containing
propidium iodide for 72 hours. Imaging of the cells was performed by BioTek Cytation 1,
and dead cell percantage was calculated by dividing Pl positive calls by the total
brightfiedd cell count and multiplying by 100. Data represents the average +SEM of three
indegendent experments. Statistical analysis was performed by Student's Hest, with ***
indicating p<0.001.

A) BT20 cells were injected subcutaneously into the mammary fat pad of nude
mice. 56 days post implantation, when the average size was 100 mm?, mice
were randomized (R) to 15 mice into four groups and treated starting on day 63
post implantation (Tx) with control (0.5% carbaxymethylcellulose) (black), 20
mglkg afatinib (red), 20 mgikg alpelisib (green), or the combination of both
afatinib and alpelisib (blue) Monday through Friday for 36 days. Zoomad inset

shows day 63 to 100. Statisical analysis was performed by Student's test,
and " indicates p=<0.05 when comparing afatinib and alpelisib to control on day
94 and day 98. B) After four days of ireatment, four mice from each group were
euthanized and the protein from the tumors was collected and immunoblotted for
pEGFR (Y1088), EGFR, pS6 (S235/236), $6, and HSC70 (loading control).
Data represents the average of four mice from each group +SEM and statistical
analysis was performed by Student’s s, where ns indicates not statistically
significant, * indicates p<0.05 and ** indicates p<0.01.

Summary
1) EGFR is amplified in 1-5% of breast cancers

)

) Patients with EGFR amplification have a worse OS

=)

EGFR amplification is more frequent in TNBC (3.7-8.4%),
basal (3.7-8.1%), and HER2 enriched (3.9-7-7%) tumors

4) Dual inhibition of EGFR and PI3K synergistically induces
apoptotic cell death in breast cancer models with EGFR
amplification and activating PI3K mutations

5) Dual inhibition of EGFR and PI3K inhibits tumor growth in an
animal model of TNBC

Conclusions

This study identifies that there is a subset of breast cancer
patients with EGFR amplification with co-incident PI3K pathway
mutations who are likely to respond fo this combination therapy
targeting the EGFR and PI3K pathway. . This ultimately could
shift the paradigm for the treatment regimen in this patient
population with EGFR amplification,

This paper is in press at
(2025.06.03.657674)

Acknowledgements

This research was supported by the Intramural Research Program
of the National Institutes of Health (NIH) (ZIA BC 010977). The
contributions of the NIH authors are considered Works of the
United States Government. The findings and conclusions
presented in this paper are those of the authors and do nat
necessarily reflect the views of the NIH or the U.S. Department of
Health and Human Services.

Oncogene and on  bioRxiv



	Slide 1

