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Abstract

Purpose: While FGFR1 amplification has been described in breast cancer, the optimal treatment 

approach for FGFR1-amplified (FGFR1+) metastatic breast cancer (MBC) remains undefined.

Experimental Design: We evaluated clinical response to endocrine and targeted therapies in a 

cohort of patients with HR+/HER2− MBC and validated the functional role of FGFR1-

amplification in mediating response/resistance to hormone therapy in vitro.
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Results: In the clinical cohort (N=110), we identified that patients with FGFR1+ tumors were 

more likely to have PR-negative disease (47% vs 20%; p=0.005), co-existing TP53 mutations 

(41% vs. 21%; p = .05), and exhibited shorter time to progression with endocrine therapy alone 

and in combination with CDK4/6 inhibitor, but not with a TORC1 inhibitor (everolimus), 

adjusting for key prognostic variables in multivariate analysis. Furthermore, mTOR-based therapy 

resulted in a sustained radiological and molecular response with decrease in FGFR1 circulating 

tumor DNA (ctDNA) in an index case of FGFR1+ HR+/HER2− MBC. In pre-clinical models, ER

+/FGFR1 amplified CAMA1 human breast cancer cells were only partially sensitive to fulvestrant, 

palbociclib, alpelisib, but highly sensitive to everolimus. In addition, transduction of a FGFR1 

expression vector into ER+ T47D cells induced resistance to fulvestrant that could be overcome by 

added TORC1 inhibition, but not PI3K or CDK4/6 inhibition.

Conclusion: Collectively, these findings suggest that while FGFR1 amplification confers broad 

resistance to ER, PI3K, and CDK4/6 inhibitors, TORC1 inhibitors might have a unique therapeutic 

role in the treatment of patients with ER+/FGFR1+ MBC.
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INTRODUCTION

Approximately 70% of breast cancers are classified as hormone-receptor positive (HR+) and 

anti-estrogen therapy (also called endocrine therapy) is the mainstay of treatment.1 However, 

resistance to endocrine therapy is a well-documented challenge in the treatment of HR+ 

breast cancer.2,3,4 The molecular underpinnings of endocrine therapy resistance are still 

being elucidated, however several studies have implicated the activation of growth factor 

signaling pathways as one key-mediator of estrogen-independent cell growth and 

proliferation.4

Fibroblast Growth Factor Receptor 1 (FGFR1) is a transmembrane protein and member of 

the fibroblast growth factor receptor family.5 Molecular aberrations of the FGFR1 gene, 

located on chromosome 8p11–12, are widely implicated in cancer pathogenesis.6,7 In breast 

cancer, amplifications in FGFR1 have been identified in 7.5–17% of all cases, and as many 

as 16–27% of aggressive HR+ (luminal-B type) tumors.8,9,10 FGFR1 signaling via the 

MAPK and PI3K pathways appears to play a central role in proliferation, migration, and 

survival of mammary cells.11,12,13 Upregulation of FGFR1 in culture and mouse models 

results in increased cell dysplasia and invasion, and inhibition of FGFR1 via siRNAs or 

small molecules appears to reverse these effects.14,15 In previous studies, FGFR1 

amplification has been implicated as a predictor of decreased overall survival in patients 

with HR+ breast cancer.16,17

While FGFR1 amplification has been described in breast cancer, the clinical impact of this 

alteration in modulating response to standard therapies is not well established. This is 

particularly relevant with the clinical development of multiple therapies for HR+ breast 

cancer including CDK4/6 inhibitors, PI3K inhibitors, and TORC inhibitors. However 

currently there is a lack of biomarker-driven strategies available to guide the selection of a 
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matched therapy. Furthermore, while few clinical trials of multi-targeted FGFR tyrosine 

kinase inhibitors in breast cancer have been completed, the therapeutic efficacy has been 

limited, thus, targeted treatment for FGFR1 amplified HR+ breast cancer remains an unmet 

clinical need.17

In this study, we evaluated clinical response to endocrine and targeted therapies in a cohort 

of patients with metastatic HR+ breast cancer, and validated the functional role of FGFR1-

amplification in mediating response/resistance to hormone therapy in vitro. We show herein 

that FGFR1 gene amplification in HR+ breast cancer drives resistance to endocrine therapy 

and multiple other targeted therapies including CDK4/6 inhibitors, but is not associated with 

resistance to inhibition of TORC1.

MATERIALS AND METHODS

Selection and Description of Study Participants

All patients in this study were seen at the Massachusetts General Hospital Cancer Center for 

treatment of metastatic HR+/HER2− breast cancer and were offered genetic tumor profiling 

as part of their routine clinical care before the study close date of March 31st 2018. This 

profiling included Fluorescence In-Situ Hybridization (FISH) analysis of the FGFR gene, as 

well as SNAPSHOT tumor genotyping. After written patient consent, Profiling was 

completed on either primary or metastatic tumor tissue depending on specimen availability. 

The cohort included both de-novo metastatic patients and those with recurrent disease. Start 

date and end date of treatment was evaluated for first line endocrine therapy with/without 

CDK 4/6 inhibitor, and first exposure for chemotherapy and endocrine therapy with mTOR 

inhibitor. Demographic and clinical data were obtained by researchers who had not 

participated in the clinical care of the included patients, after approval by Partners IRB 

(Institutional Review Board). The study was conducted according to International Ethical 

Guidelines for Biomedical Research Involving Human Subjects.

Clinical Biomarkers, FGFR1 FISH, Genotyping, and Circulating Tumor DNA

For tissue specimens, clinical markers of the estrogen receptor and progesterone receptor 

were measured and defined according to ASCO/CAP guidelines.

For each FGFR1 FISH specimen, 5-micron sections of formalin-fixed paraffin-embedded 

tumor material were prepared and an H&E section reviewed to select regions for 

hybridization that contain a majority of tumor cells. A dual-color FISH assay was performed 

using Bacterial Artificial Chromosome probe CTD-2288L6 (chromosome 8p, FGFR1 locus, 

home-brew) and a copy number probe (centromere 8; Abbott-Vysis 06J54–018 or 06J37–

018). Signal quantitation was used to generate a FGFR1/centromere 8 ratio. FGFR1 to 

Centromere 8 ratios of ≥ 2 were considered amplified.

The SNAPSHOT assay utilizes “Anchored Multiplex PCR” for single nucleotide variant 

(SNV) and insertion/deletion (indel) detection in genomic DNA using next generation 

sequencing (NGS). Genomic DNA was isolated from a formalin-fixed paraffin embedded 

tumor specimen (after histological review for tumor enrichment), then sheared with the 

Covaris M220 instrument, followed by end-repair, adenylation, and ligation with an adapter. 
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A sequencing library targeting hotspots and exons in 39 genes was generated using two 

hemi-nested PCR reactions. IlluminaMiSeq 2 × 151 base paired-end sequencing results were 

aligned to the hg19 human genome reference using BWA-MEM. MuTect and a laboratory-

developed insertion/deletion analysis algorithm were used for SNV and indel variant 

detection, respectively.29 This assay has been validated to detect SNV and indel variants at 

5% allelic frequency or higher in target regions with sufficient read coverage.

For ctDNA testing, we utilized a CLIA certified assay Guardant, a NGS based commercially 

available assay that detects ctDNA down to 0.1% allelic fraction with a clinical sensitivity of 

85% (compared to 80.7% in tissue) and 99.8% specificity.30 Since use of ctDNA to detect 

copy number alterations is influenced by the number of copies in the tissue and the amount 

of DNA shedding into circulation, in order to reduce the number of biases, we normalized 

the results for aneuploidy to reduce any variations in tumor shedding that may occur over the 

course of a patient’s disease and therapy. In addition, since digital sequencing enables 

tracking and quantification of cfDNA fragments overlapping specific genomic sites, PCR 

duplicates and artifacts of amplification during library preparation can easily be removed 

and within-run (repeatability) and between-run (reproducibility) precision portion of the 

validation study has been shown to be > 90% concordant between different runs. For the 

index patient, ctDNA was measured prior to treatment, and 11 months into treatment.

Definitions of Clinical Treatments and Outcomes

Time to progression is defined as the time elapsing from the initiation of a given therapy, 

until that therapy was discontinued due to physician-judged disease progression. Endocrine 

therapy alone included any combination of selective estrogen receptor modulators, selective 

estrogen receptor degraders, aromatase inhibitors, or ovarian suppression, but excludes 

patients who received inhibitors of mTOR, CDK 4/6, or PI3K.

Statistical Methods

Patient and treatment characteristics were compared between groups using Wilcoxon rank-

sum test for continuous variables and Fisher’s exact test or Pearson’s chi-squared test for 

categorical variables. Actuarial analysis of time to progression was performed using 

univariate and multivariable Cox regression. Figures of time to progression were calculated 

using Kaplan-Meier methodology. All tests were two-sided, and p value less than 0.05 was 

considered statistically significant.

Cell Culture Model and Lentivirus Transduction

T47D and CAMA-1 cells were obtained from ATCC and were cultured in DMEM 

supplemented with 10% fetal bovine serum (FBS). FGFR1− and GFP-expressing 

lentiviruses were generated by co-transfecting 4-mg proviral pLX302-FGFR1 or pLX302-

GFP plasmids (Open BioSystems), 3 mg psPAX2 (plasmid encoding gag, pol, rev, and Tat 

genes), and 1 mg pMDG2 envelope plasmid (Sigma Aldrich) into 293FT cells using 

Lipofectamine 2000 (Thermo Fisher). 293FT cells were fed with 10% DMEM-FBS 24 h 

after transfection; virus-containing supernatants were harvested 48 and 72 h after 

transfection, diluted 1:4 and applied to target cells with 8 mg/mL polybrene (Sigma 

Aldrich). Target cells were selected with 1 mg/mL puromycin.
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Immunodetection

Cells were plated in DMEM/10% FBS supplemented with 2 ng/mL FGF2 and treated for 6 h 

with inhibitors or vehicle. Lysates were generated as previously described28. For 

immunoblot analysis, the following antibodies were used: phospho-FRS2, phospho-p44/42 

MAPK (Erk1/ 2), total p44/p42 MAPK (Erk½), and actin (Cell Signaling Technologies); 

FGFR1 antibody was obtained from Abcam; ERa antibody was obtained from SantaCruz. 

Immunoreactive proteins were visualized by enhanced chemiluminescence (Pierce).

Clonogenic assays

CAMA-1, T47DGFP and T47DFGFR1 cells, seeded into 6-well plates in DMEM/10% 

FBS/2 ng/mL FGF2, were treated with vehicle, fulvestrant 1 μM, alpelisib 1 μM, lucitanib 1 

μM, selumetinib 1 μM, everolimus 25 nM, paclitaxel 10 nM, each alone or in combination. 

Media and inhibitors were replenished every 3 days, and cells were grown for 12 weeks till 

the untreated wells achieved 80% confluence. Cells were fixed and monolayers stained in 

20% methanol with 0.5% crystal violet and washed with water. The intensity of the staining 

was quantitated by spectrophotometric detection as previously described28. Drugs were 

obtained from Selleck Chemicals.

Gene expression analysis

RNA was purified from cells using Maxwell RSC simplyRNA Cells Kit (Promega 

Corporation, Madison, WI, USA) and cDNA was generated using iScript cDNA Synthesis 

Kit (Bio-Rad, Hercules, CA, USA). qPCR was performed with a cDNA equivalent of 50 ng 

RNA, 1 µM each of the forward and reverse primers and SYBR Green PCR Master Mix 

(Applied Biosystems, Carlsbad, CA, USA), using a QuantStudio 3 Real-Time PCR System 

machine (Applied Biosystems), and primers were used against the following targets: 

GAPDH (QIAGEN – PPH00150F), PGR (QIAGEN – PPH01007F). CT (threshold cycle) 

values were determined in triplicate samples by subtracting the target gene CT from the 

GAPDH CT; 2ΔCT was used to determine the expression of PGR relative to GAPDH.

RESULTS

Patient Characteristics and Genomic Landscape

We first evaluated the clinical and genomic characteristics associated with FGFR1 

amplification, based on a clinical cohort of patients with HR+/HER2‒ metastatic breast 

cancer (N=110) who had undergone molecular profiling utilizing FGFR1 FISH. Sixty-five 

(59%) of the FGFR1 FISH tests were performed on metastatic specimens, and the remainder 

were performed on primary specimens. Patients with HR+/HER2‒ breast cancer that also 

harbor FGFR1 amplification (FGFR+) (27.3%), as compared to FGFR1 non-amplified 

(FGFR1‒) patients tended to be slightly younger (median age at diagnosis of MBC: 54.7 vs. 

57.3 years; p=0.046), and more likely to have PR-negative disease (47% vs 20%; p=0.005). 

Otherwise, FGFR1+ patients did not differ from patients with FGFR1‒ tumors in the 

likelihood of presentation with de-novo metastatic breast cancer, menopausal status at 

diagnosis, prior exposure to adjuvant endocrine or chemotherapy, presence of visceral 

metastases, biopsy site, or first-line treatment approach (Fig. 1A).
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Among those patients who had additional sequencing of their tumor specimens (N = 95), 26 

(27.3%) patients had mutations in TP53, 30 (31.6%) had mutations in PIK3CA, 8 (8.4%) 

had mutations in ESR1, and 4 (4.2%) had mutations in other genes in the FGFR pathway. 

FGFR1+ tumors were more likely to have co-existing TP53 mutations (41% vs. 21%; p = .

05), and less likely to have PIK3CA mutations (10% vs. 41%; p= .004) than FGFR1‒ 
tumors (Fig. 1B; Supplementary Fig. 1A–B). Eight patients were found to have mutations in 

ESR1, only one of whom had a concurrent FGFR1 amplification; there was no correlation 

observed between ESR1 mutations and median time to progression on endocrine therapy or 

chemotherapy in our cohort.

Clinical Outcomes

We then evaluated the association between FGFR1 amplification and time to progression 

(TTP) on anti-estrogen therapy alone and in combination with CDK4/6 inhibitors and with 

mTOR inhibitors, as well as chemotherapy, among patients with HR+/HER2− MBC 

(N=110). Patients with FGFR1+ tumors exhibited a shorter TTP than patients with FGFR‒ 
tumors on first line endocrine therapy (8.0 vs. 13.3 months; p=0.009, Fig 2A), but not first-

line chemotherapy (8.4 vs. 10.9 months; p=0.99, Fig. 2B). A shorter TTP was also seen in 

patients with FGFR1+ tumors who received first line endocrine therapy in combination with 

a CDK4/6 inhibitor (8.5 vs. 25.3 months; p=0.19; Fig. 2C), though this was statistically 

underpowered due to small sample size (only 8 patients with FGFR1 amplified tumors). 

Interestingly, patients with FGFR1+ tumors who received endocrine therapy with mTOR 

inhibitor (2nd line and beyond) did not have worse TTP as compared to patients with non-

amplified FGFR1 (7.1 vs. 4.5 months, p=0.95; Fig. 2D), highlighting lack of clinical 

resistance to mTOR based therapy.

Furthermore, in an index case of a patient with FGFR1+/HR+/HER2− metastatic breast 

cancer, we observed a remarkable clinical and molecular response with mTOR based 

therapy. This patient had metastatic FGFR1-amplified HR+/HER2− breast cancer (FGFR1 

copy number greater than 25; Fig. 3A), and prior disease progression after 11 months of 

first-line therapy with letrozole and a CDK 4/6 inhibitor (palbociclib). She then enrolled in a 

clinical trial of endocrine therapy with a CDK 4/6 inhibitor and mTOR inhibitor 

(everolimus). Despite prior CDK 4/6 exposure, the patient had a major clinical response with 

a 70.9% reduction in target lesions per RECIST after 13 cycles of mTOR based therapy (Fig. 

3B), as well as a major molecular response (FGFR1 copy number in cfDNA decreased to 

3.1; Fig 3B), highlighting the specific contribution of mTOR based therapy. The patient is 

currently doing well on the clinical trial (treatment ongoing at 14 months; data cut-off July 

15th 2018).

Finally, we conducted a multivariate analysis to evaluate the clinical impact of FGFR1 

amplification on therapeutic response, accounting for known prognostic variables, including 

age, de novo metastatic disease, presence of visceral metastases, and PR expression 

(Supplementary Fig. 2A). FGFR1 amplification emerged as the independent predictive 

variable for worse TTP with first line endocrine therapy in HR+ metastatic breast cancer 

(HR for progression 3.21; p = .006). However, FGFR1 amplification was not associated with 

worse TTP in patients receiving mTOR inhibitors, in a multivariate analysis (Supplementary 
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Fig. 2B), supporting the clinical observations that both FGFR1+ and FGFR1− tumors are 

clinically sensitive to mTOR-based therapy.

Functional validation in pre-clinical models

To provide functional validity to the clinical observations, we further explored the 

association of FGFR1 amplification with anti-estrogen resistance and sensitivity to the 

TORC1 inhibitor in ER+/FGFR1+ CAMA-1 breast cancer cells. CAMA-1 cells were 

relatively insensitive to single agent fulvestrant, the PI3Kα inhibitor alpelisib, the MEK½ 

inhibitor selumetinib, and the FGFR (TKI) lucitanib, but their growth was significantly 

inhibited by everolimus or paclitaxel (Fig. 4A–B, Supplementary Fig. 3).

Mechanistically, treatment with lucitanib suppressed p-FRS2 and pERK consistent with 

impact on MAPK pathway, but surprisingly direct inhibition of MAPK pathway (by MEK 

inhibitor leading to suppressed pERK) paradoxically prompted upregulation of FGFR1 

signaling activity, possibly via a compensatory feedback loop. Treatment with mTOR 

inhibitor (everolimus) suppressed both p-FRS2 and P-S6 consistent with impact on mTOR 

pathway (Fig. 4C).

To directly assess the contribution of FGFR1, we stably transduced ER+ T47D cells with an 

FGFR1 expression vector. T47D-FGFR1 cells exhibited higher levels of p-FRS2 and lower 

level of PR compared to T47DGFP control cells (Fig. 4D–E). As anticipated, FGFR1 

expression was sufficient to confer resistance of T47D cells to fulvestrant and reducing 

sensitivity to everolimus. However, the combination of fulvestrant with either everolimus or 

with lucitanib overcame this resistance and attenuated growth of T47D-FGFR1 cells, as did 

treatment with paclitaxel (Fig. 4D–E).

Finally, we evaluated the impact of triplet combination therapy on ER+/FGFR1 amplified 

CAMA-1 breast cancer cells. The addition of everolimus had a marked impact on the arrest 

of the growth in response to fulvestrant plus palbociclib, but the addition of palbociclib had 

minimal effect on the arrest of the growth in response to fulvestrant plus everolimus 

(Supplementary Fig. 4A–C).

Discussion

We present a translational investigation of FGFR1 amplification in HR+ breast cancer. We 

report that in both clinical and pre-clinical investigations, breast malignancies harboring 

FGFR1 amplifications exhibit resistance to endocrine treatment alone or in combination 

with CDK 4/6 inhibitor, but remain relatively sensitive to endocrine therapy used in 

combination with a TORC inhibitor.

Our results support the previously reported association between FGFR1 amplification and 

luminal B type breast cancer, in that FGFR1+ patients were more likely to have aggressive 

disease that is PR negative, harbors p53 mutations, and lacks PIK3CA mutations.18 The 

connection between p53 mutation and FGFR1 amplification remains unclear, but has been 

demonstrated in other cancer types, including squamous cell carcinoma of the lung.19 We 

note that p53 mutations have been shown to correlate with a higher frequency of DNA copy 
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number abnormalities, raising the possibility that mutations in p53 are permissive for gene 

amplifications such as FGFR1.20 Notably, p53 mutations did not have major prognostic 

value in our cohort—correlation between p53 mutations and time to progression on 

endocrine therapy did not reach significance in univariate analysis (13.1 vs. 9.7 months in 

TP53 mutant vs. WT patients respectively; Hazard Ratio .67, p= 0.2) despite having the 

same prevalence as FGFR1 amplifications. Because of this, p53 mutations were not included 

in multivariate analyses, and were not considered to be a true confounder in our cohort. 

Deeper investigation of the relationship between p53 mutations and FGFR1 amplifications is 

warranted.

With respect to PR expression, upregulation of growth factor pathways can cause 

downregulation of PR in vitro, and increased growth factor signaling is associated with 

decreased PR expression in vivo, supporting the hypothesis that PR negativity results from 

(and could be used as a surrogate marker for) the same growth factor signaling pathways that 

underlie resistance to endocrine therapy.21

Our preclinical data support the hypothesis that FGFR1 signals at least in part via an 

estrogen-receptor-independent pathway that involves MAPK/MEK/ERK signaling, as 

previously demonstrated by Turner et al. (Cancer Res 2010). However, we show that 

effective inhibition of either FGFR1 or its downstream targets (MEK½ in this case) is 

insufficient to inhibit growth of FGFR1 amplified cells in vitro. Notably, MEK inhibition 

prompted a compensatory upregulation of FGFR1 signaling activity in our model, a 

phenomenon that has been previously reported.22 These results resonate with several early 

clinical trials of monotherapy with FGFR inhibitors across multiple solid tumor subtypes, 

including breast, lung, bladder, head/neck, and cholangiocarcinoma, which demonstrated at 

best very modest antitumor activity when used as monotherapy.23

The addition of a TORC inhibitor to fulvestrant in vitro successfully inhibited cell growth 

more than any other modality besides chemotherapy. However, dampening proximal FGFR1 

signaling does not seem to affect TORC activity, suggesting that TORC activation is not a 

simple downstream effect of FGFR1 signaling. It is not clear exactly why TORC inhibition 

is effective in inhibiting the growth of FGFR1 amplified cells, but other work has 

demonstrated the same phenomenon, raising the possibility that FGFR1 amplification itself 

underlies TORC pathway dependence that could be broadly targetable.24 While the 

mechanism behind this connection remains elusive, it appears that neither downstream 

suppression of the MAPK pathway nor upstream suppression of the PI3K/AKT pathway is 

sufficient to overcome FGFR1-associated cell growth and division. This insinuates the 

existence of compensatory cross-talk between the two known growth factor signaling 

pathways serving FGFR1, which is yet to be characterized and warrants additional 

evaluation.

Our clinical data provides evidence that FGFR1-amplified tumors have shorter time to 

progression with various endocrine-based therapies, including combination with CDK 4/6 

inhibitors. This finding was also observed in retrospective biomarker analysis of the 

MONALEESA-2 trial where FGFR1+ patients who were treated with ribociclib (an inhibitor 

of CDK4/6) and letrozole had significantly shorter progression free survival (PFS) than 

Drago et al. Page 8

Clin Cancer Res. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FGFR1 WT patients (10.6 vs. 24.8 months; p= 0.075).25 In addition, our clinical data is 

consistent with the retrospective biomarker analysis of the landmark BOLERO-2 trial, which 

revealed that the addition of everolimus to endocrine therapy improved PFS in all patients, 

including those with FGFR1 amplification (PFS = 6.8 vs 2.8 months; Hazard Ratio = 0.39), 

highlighting that FGFR1 amplification does not result in clinical resistance to everolimus 

based therapy.26

Importantly, we do not claim that patients with FGFR1-amplified tumors are more (or less) 

sensitive to everolimus than patients with cancer without FGFR1 amplification. Instead, our 

findings imply that in FGFR1-amplified breast cancers, endocrine therapy in combination 

with TORC1 inhibition may be still be active and warrants further evaluation.

No study has prospectively compared endocrine therapy plus everolimus against endocrine 

therapy plus an inhibitor of CDK4/6 in breast cancer, let alone in FGFR1+ patients. Our 

preclinical and clinical data collectively suggest that FGFR1 amplification is associated 

broadly with resistance to various therapies, but still retains relative sensitivity to mTOR 

inhibition. Our translational results complement recent publications on role of FGFR1 

amplification in mediating endocrine therapy resistance, including combination with CDK 

4/6 inhibitors,26,27,28 and highlight that FGFR1 amplification could be used to guide rational 

genotype-based decision-making in HR+ MBC. Further prospective studies are needed to 

confirm these results and develop more effective therapeutic strategies for patients with 

FGFR1+ HR+/HER2− MBC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STATEMENT OF SIGNIFICANCE:

This work elucidates the clinical and functional role of FGFR1 amplification in hormone-

receptor positive breast cancer, and provides early evidence that FGFR1 amplification 

mediates resistance to endocrine therapy, but not TORC inhibition.
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Figure 1. Clinical and genomic characteristics associated with FGFR1 amplification in patients 
with HR+/HER2− Metastatic Breast Cancer (MBC)
1A) Clinical characteristics of patients with metastatic HR+/HER2− breast cancer, harboring 

FGFR1 amplification (FGFR1+) versus non-amplified patient (FGFR1-). PR = Progesterone 

Receptor.

1B) Prevalence of tumor genomic alterations in FGFR+ vs. FGFR1− patients based on 

SNAPSHOT profiling.
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Figure 2. Time to Progression with Various Therapies Among Patients with Metastatic HR+/
HER2− Breast cancer, Stratified by FGFR1 Amplification
1A) Time to Progression (TTP) on first line Endocrine-based Therapy in patients with 

metastatic HR+/HER2− breast cancer, stratified by FGFR1 amplification status.

1B) TTP on first exposure to Chemotherapy among patients with metastatic HR+/HER2− 

breast cancer, stratified by FGFR1 amplification status.

1C) TTP on first line Endocrine Therapy in combination with CDK 4/6 inhibitor among 

patients with metastatic HR+/HER2− breast cancer, stratified by FGFR1 amplification 

status.

1D) TTP on first exposure to Endocrine Therapy in combination with mTOR inhibitor 

among patients with metastatic HR+/HER2− breast cancer, stratified by FGFR1 

amplification status.
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Figure 3. Radiological and molecular response with mTOR based therapy in an index patient 
with FGFR1 amplified metastatic breast cancer
2A) Restaging CT scan obtained before and during treatment with endocrine therapy in 

combination with CDK 4/6 inhibitor and mTOR inhibitor, in an index patient with FGFR1 

amplified metastatic breast cancer. Target lesions in liver are indicated with yellow arrow.

2B) Changes in the FGFR1 copy number based on cfDNAbefore and during treatment with 

endocrine therapy in combination with CDK 4/6 inhibitor and mTOR inhibitor, in an index 

patient with FGFR1-amplified metastatic breast cancer.

2C) FGFR1 FISH of primary tumor tissue. The FGFR1 probe is in red, with control probe 

(centromere 8) in green.
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Figure 4. 
4A-B) Growth inhibition of ER+/FGFR1 amplified CAMA-1 breast cancer cells by various 

inhibitors. Representative images (A) and quantification (B) of integrated intensity are 

shown (**, P < 0.01 vs. control, t test).

4C) Pharmacodynamic impact on cell-signaling in ER+/FGFR1 amplified CAMA-1 breast 

cancer cells by various inhibitors. Immunoblot analysis with the indicated antibodies of 

lysates treated for 6 hours with vehicle, fulvestrant, everolimus, alpelisib, selumetinib, 

lucitanib, paclitaxel and the combination in 10% DMEM-FBS plus 2ng/mL FGF2.

4D) Growth inhibition of ER+ T47D cells with a FGFR1 expression vector by various 

inhibitors. Representative images (A) and quantification (B) of integrated intensity are 

shown (**, P < 0.01 vs. control, t test).

4E) Pharmacodynamic impact on cell-signaling in ER+ T47D cells with a FGFR1 

expression vector by various inhibitors. Immunoblot analysis with the indicated antibodies 
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of lysates treated for 6 hours with vehicle, fulvestrant, everolimus, alpelisib, selumetinib, 

lucitanib, paclitaxel and the combination in 10% DMEM-FBS plus 2ng/mL FGF2. PR 
mRNA levels from T47D cells with/without a FGFR1 expression vector were analyzed by 

qRT-PCR.
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