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Panel Analysis: Somatic cancer

Marsden360 sequences 74 cancer-associated genes to identify somatic alterations. Cell-free circulating DNA (cfDNA) is extracted from plasma, enriched
for targeted regions, and sequenced using lllumina platforms and hg19 as the reference genome.

Overall comment

A missense variant was detected in the ESR1 gene; p.(Y537S). Activating variants in ESR1 have been reported in 40% of ER+/HER2-
metastatic breast cancers resistant to endocrine therapies.

This patient may benefit from treatment with ESR1 targeted therapy.

MSI high-NOT DETECTED

Analysis results: Clinically relevant variants detected

1 Variant of strong clinical significance, Tier 1 Approved treatments Trials and Supplementary
Information
ESR1, p.Y537S, VAF 1.81%, Pathogenic Elacestrant Trials: 2 Phase 1/Phase 2
Interactions Guidelines
None Potentially relevant guidelines are reported in the "guidelines" section

starting on page 5.
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TREATMENT OPTIONS
Therapies with potential clinical benefit (1)

ELACESTRANT

Elacestrant, an estrogen receptor antagonist, is FDA-approved for treating postmenopausal female patients or adult male patients, with ER-positive,
HER2-negative, ESR1-mutated advanced or metastatic breast cancer with disease progression following at least one line of endocrine therapy.

Sensitive
Gene Variant Classification
ESR1 p.Y537S Tier 1A Pathogenic

c.1610A>C

AVAILABLE CLINICAL TRIALS
Phase 1/Phase 2 clinical trials (2)

BLU-222, RIBOCICLIB, FULVESTRANT

A Phase 1/2 Study to Evaluate the Safety, Pharmacokinetics, and Efficacy of BLU-222 as a Single Agent and in Combination Therapy for Patients
With Advanced Solid Tumors

NCT05252416
Qualifying variant Contact
Gene Variant Classification Blueprint Medicines; medinfo@blueprintmedicines.com;
ESR1 p.Y537S Tier 1A Pathogenic 617-714-6707;
c.1610A>C

CAMIZESTRANT, AZD5305

A Modular Phase l/lla, Open-label, Multicentre Study to Assess the Safety, Tolerability, Pharmacokinetics, Pharmacodynamics and Preliminary

Efficacy of Ascending Doses of AZD5305 as Monotherapy and in Combination With Anti-cancer Agents in Patients With Advanced Solid Malignancies
NCT04644068

Qualifying variant Contact
Gene Variant Classification AstraZeneca Clinical Study Information Center; information.
ESR1 p.Y537S Tier 1A Pathogenic center@astrazeneca.com;

c.1610A>C 1-877-240-9479;


http://clinicaltrials.gov/show/NCT05252416
http://clinicaltrials.gov/show/NCT04644068
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Variant of strong clinical significance (1)

ESR1 Y5375

Gene: ESR1

Nucleotide:
NM_000125.4:
g.152419923A>C
c.1610A>C
Assessment: Pathogenic
Exon: 8

Amino Acid: p.Y537S
Allelic Fraction: 1.81%
Classification: Tier 1A

Treatment options
1 Sensitive
2 Trials

Biomarker summary: ESR1-Y537S (NM_001122742) is an activating mutation.

Clinical relevance: ESR1 encodes estrogen receptor alpha (ER-alpha), one of the major estrogen receptor
(ER) isoforms in humans [25]. Activation of ESR1 through mutation or amplification may result in upregulation
of genes involved in cell cycle progression and survival and has been reported as a mechanism of resistance
to anti-estrogen therapies [25, 27]. The selective estrogen receptor degrader elacestrant has been approved
by the EMA for the treatment of postmenopausal women or adult men with advanced or metastatic ER positive
/Her2 negative breast cancer with activating ESR7 mutations following disease progression on endocrine
therapy. Several alterations at Y537, including Y537S, Y537N, and Y537C, have been detected in metastatic
and ER positive breast tumors following treatment with aromatase inhibitors, but not in primary or ER negative
cases [17, 12, 27, 32].

Disease summary: ESR1 mutations, particularly those localized to the ligand-binding domain, as well as ESR1
amplification and certain translocations involving ESR1, may result in resistance to anti-estrogen therapy in
breast cancer [8, 34, 21, 32, 27, 7, 15].

Molecular function: ESR17 Y537S is a missense alteration located at a phosphorylated residue within the
ligand binding domain (LBD) of the ER-alpha protein [1, 17]. This alteration has been reported to result in
constitutive activation of the ER-alpha protein and shown to be enriched in heavily treated ER positive breast
cancer patients, with several studies reporting this mutation in metastatic, but not primary, tumors, and in ER
positive, but not ER negative, cases [18, 17, 27, 32, 37, 6]. ESR1 Y537S has also been reported as one of the
most commonly acquired ESR1 mutations following treatment with aromatase inhibitors, with two separate
studies citing this mutation in 22% and 25% of ESR1-mutant ER positive breast tumors following treatment [4,
12, 32, 27, 17]. Preclinical studies have reported that ESR7 Y537S confers reduced sensitivity to tamoxifen
and fulvestrant as compared with wild-type ESR1, as well as increased sensitivity to the BET inhibitor
birabresib [10, 13, 33, 12, 36, 14]. However, ESR1 Y537S has been reported as an acquired alteration in an
endometrial stromal sarcoma case following letrozole treatment; subsequent treatment with fulvestrant resulted
in no measurable disease for at least 48 months [9]. Positive clonal selection of ESR7 Y537S has been
reported in the PALOMA-3 study of fulvestrant in combination with palbociclib or placebo in 195 patients with
breast cancer; a significantly increased median progression-free survival was reported in patients who
acquired Y537S as compared with those who had the Y537S alteration at the start of treatment (13.2 vs 3.5
months) [23]. However, fulvestrant has been associated with improved progression-free and overall survival as
compared with exemestane in patients with baseline ESR1 mutation, including Y537 mutation specifically, in
analysis of the Phase 3 SoFEA and EFFECT trials, and objective response rates were not significantly different
between patients with or without ESR 7 mutation in the PALOMA-3 trial of fulvestrant with or without palbociclib
[35, 12]. In preclinical studies, next-generation SERDs such as elacestrant, amcenestrant, and giredestrant,
and other agents such as lasofoxifene (SERM) and H3B-6545 (selective estrogen receptor covalent
antagonist, SERCA) have shown efficacy in ESR1 Y537S-mutant xenograft models, and clinical studies have
shown benefit from these agents in patients with baseline ESR 1 mutations [26, 29, 22, 19, 24, 2].

Incidence: ESR1 mutations have been reported in 8.4% (1097/13066) of Breast carcinoma samples analyzed
in COSMIC (May 2023). ESR1 mutations have been reported in 0.0-27% of Breast carcinoma samples
(cBioPortal for Cancer Genomics, May 2023). ESR1 mutations have been reported in 1-12% of breast cancer
cases and specifically in 3-20% of ER positive breast cancer cases described in the scientific literature [11, 31,
16, 3, 20, 32, 30, 28]. ESRT1 fusions, exclusively ESR1-CCDC170 fusions, have been reported in 5% (19/372)
of breast cancer samples analyzed in one study [16].
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Genes tested

Marsden360 reports single nucleotide variants and splice site mutations in all clinically relevant exons in 74 genes and reports other variant types in
select genes as indicated below.

AKT1 2 ALK #Q APC @ AR TQ ARAF @ ARID1A @ ATM @ BRAF T BRCA1 @
BRCA2 © CCND1 19 ccnp2 1@ CCNE1 10 CDH1 @ CDK12 @ CDK4 T CDKs T CDKN2A
CTNNB1 @ DDR2 © EGFR 0 ERBB2 T ESR1 % EZH2 © FBXW7 @ FGFR1 T2 FGFR2 T#Q
FGFR3 #0 GATA3 GNA11 2 GNAQ © GNAS @ HNF1A @ HRAS IDH1 @ IDH2 @
JAK2 €@ JAK3 @ KIT 1@ KRAS 9 MAP2K1 © MAP2K2 © MAPK1 @ MAPK3 @ MET T
MLH1 @ MPL @ MTOR © myc 12 NF1 @ NFE2L2 @ NOTCH1®  NPM1 2 NRAS @
NTRK1 #0Q NTRK3 @ PDGFRAT?  pik3cat®  pTEN® PTPN11 @ RAF1 T RB1 @ RET #0
RHEB © RHOA © RIT1 @ ROS1 #0 SMAD4 2 sMo @ STK11 2 TERT 4 TP53 @
Tsc1 @ VHL ©

Q Marsden360 reports insertion and deletion variants (indels) in this gene. ¥ Marsden360 reports alterations in the promoter region of this gene.

# Marsden360 reports fusion events involving this gene for all known gene partners. 1 Marsden360 reports amplifications of this gene.



Marsden360 ———
Developed in partnership with Guardant Health ﬁ : ;
ROYAL
MARSDEN

Clinical Genomics

GUIDELINES

The ESMO Clinical Practice Guidelines for metastatic breast cancer (v1.00, May2022) note that for patients treated with everolimus, substituting the
exemestane backbone with fulvestrant is favored in cases with ESR7 mutation [ESCAT score: |I-A; off label] [PMID:34678411].

Methods and limitations

All exons are sequenced in some genes; only clinically significant exons are sequenced in other genes. The types of genomic alterations detected by
Marsden360 include single nucleotide variants, gene amplifications, fusions, short insertions/deletions, and splice site-disrupting events. Marsden360
is not validated for detecting other types of genomic alterations, such as complex rearrangements or gene deletions. Microsatellite Instability (MSI) is
assessed for all cancer types by evaluating somatic changes in the length of repetitive sequences on the Marsden360 panel. A “Not Detected” result
does not preclude MSI-High status in tissue. Marsden360 cannot discern the source of circulating cfDNA, and for some variants in the range of ~40 to
60% cfDNA, the test cannot distinguish germline variants from somatic alterations. Marsden360 is not validated for the detection of germline or de novo
variants associated with hereditary cancer risk.

Discrepancies in results between molecular testing on both ctDNA and a tumour biopsy may be observed in 20-30% of patients. In the case of ctDNA,
discrepancies may be caused by low circulating tumour DNA, assay limitations in the detection of structural/ copy number variants and non-uniform
coverage accross the panel with higher coverage over hotspot regions. In the case of tissue, discrepancies may be caused by low tumour content or
extensive necrosis in the biopsy. Tissue testing should be considered when plasma analysis is not informative and if clinically appropriate.

QIAGEN Clinical Insight (QCITM) is a variant analysis, interpretation and decision support tool for research and clinical labs analyzing human
genetics data and is not intended to be used for diagnostic purposes. QCI Interpret software includes the following underlying databases, data
reference sets and tools: QIAGEN Clinical Insight Interpret (9.3.2.20240813), Ingenuity Knowledge Base (N-release), CADD (v1.6), NCBI Gene (2023-
08-25), Allele Frequency Community (2019-09-25), EVS (ESP6500SI-V2), Refseq Gene Model (2023-10-03), JASPAR (2013-11), Ingenuity
Knowledge Base Snapshot Timestamp (2024-12-10 12:54:26.108), Vista Enhancer hg18 (2012-07), Vista Enhancer hg19 (2012-07), Clinical Trials (N-
release), MITOMAP: A Human Mitochondrial Genome Database. http://www.mitomap.org, 2019 (2020-06-19), PolyPhen-2 (v2.2.2 (HumVar)), 1000
Genome Frequency (phase3v5b), EXAC (0.3.1), TargetScan (7.2), phyloP hg18 (GRCh37 (hg19) 2019-11, GRCh38 2019-11), phyloP hg19 (GRCh37
(hg19) 2019-11, GRCh38 2019-11), GENCODE (Release 44), CentoMD (5.3), dbVar (2021_04), OMIM (October 23, 2023), gnomAD (GRCh37 (hg19)
2.1.1, GRCh38 (hg38) 3.1.2), BSIFT (2016-02-23), TCGA (2013-09-05), Clinvar (2024-11-11), DGV (2016-05-15), COSMIC (v99), HGMD (2024.4),
Matched Annotation from NCBI and EMBL-EBI (MANE) (1.2), OncoTree (oncotree_2021_11_02), dbSNP (GRCh37 (hg19) 155, GRCh38 155), SIFT4G
(2016-02-23)

Please note that this assay (Marsden360) has not yet been assessed by UKAS for accreditation; an extension to scope applicaton is in progress.

Clinical significance of variants based on AMP / ASCO / CAP guidelines*

Strong clinical Tier 1A Biomarker predicts response or resistance to an FDA or EMA approved therapy, according to drug label
significance or professional guidelines for this diagnosis
Biomarker included in professional guidelines is prognostic or diagnostic for this diagnosis

Tier 1B Biomarker predicts response or resistance to a therapy for this diagnosis based on well-powered studies
Biomarker is prognostic or diagnostic for this diagnosis based on well-powered studies

Potential clinical Tier 2C Biomarker is associated with response or resistance to an FDA or EMA approved therapy, according to
significance drug label or professional guidelines but only for different diagnosis

Biomarker is an inclusion criterion for an active clinical trial

Biomarker is prognostic or diagnostic based on multiple small studies

Tier 2D Biomarker shows plausible response or resistance based on case or preclinical studies
Biomarker may assist in disease diagnosis or prognosis based on small studies

Uncertain clinical Tier 3 Biomarker has uncertain clinical significance and not known to be likely benign or benign
significance

*Adapted from PMID:27993330 jmd.amjpathol.org/article/S1525-1578(16)30223-9/pdf

SELECTED REFERENCES

1. Arnold SF, Obourn JD, Jaffe H, Notides AC (1995) Phosphorylation of the human estrogen receptor on tyrosine 537 in vivo and by src family tyrosine
kinases in vitro. Mol Endocrinol. 1995 Jan;9(1):24-33 (PMID: 7539106)

2. Bardia A, Kaklamani V, Wilks S, Weise A, Richards D, Harb W, Osborne C, Wesolowski R, Karuturi M, Conkling P, Bagley RG, Wang Y, Conlan MG,
Kabos P (2021) Phase | Study of Elacestrant (RAD1901), a Novel Selective Estrogen Receptor Degrader, in ER-Positive, HER2-Negative Advanced
Breast Cancer. J Clin Oncol. 2021 Apr 20;39(12):1360-1370. Epub 2021 Jan 29 (PMID: 33513026)

3. Bartels S, Christgen M, Luft A, Persing S, Jédecke K, Lehmann U, Kreipe H (2017) Estrogen receptor (ESR1) mutation in bone metastases from
breast cancer. Mod Pathol. 2018 Jan;31(1):56-61. Epub 2017 Aug 11 (PMID: 28799536)


jmd.amjpathol.org/article/S1525-1578(16)30223-9/pdf
https://www.ncbi.nlm.nih.gov/pubmed/7539106?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/7539106?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33513026?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33513026?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33513026?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/28799536?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/28799536?dopt=Abstract

Marsden360 ———

Developed in partnership with Guardant Health Th e

10.

1.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

MARSDEN

Clinical Genomics

. Baselga J, Campone M, Piccart M, Burris HA 3rd, Rugo HS, Sahmoud T, Noguchi S, Gnant M, Pritchard KI, Lebrun F, Beck JT, Ito Y, Yardley D,

Deleu |, Perez A, Bachelot T, Vittori L, Xu Z, Mukhopadhyay P, Lebwohl D, Hortobagyi GN (2011) Everolimus in postmenopausal hormone-receptor-
positive advanced breast cancer. N Engl J Med 2012 Feb 9;366(6):520-9 (PMID: 22149876)

. Burstein HJ, Somerfield MR, Barton DL, Dorris A, Fallowfield LJ, Jain D, Johnston SRD, Korde LA, Litton JK, Macrae ER, Peterson LL, Vikas P,

Yung RL, Rugo HS (2021) Endocrine Treatment and Targeted Therapy for Hormone Receptor-Positive, Human Epidermal Growth Factor Receptor 2-
Negative Metastatic Breast Cancer: ASCO Guideline Update. J Clin Oncol. 2021 Dec 10;39(35):3959-3977. Epub 2021 Jul 29 (PMID: 34324367)

. Carlson KE, Choi |, Gee A, Katzenellenbogen BS, Katzenellenbogen JA (1997) Altered ligand binding properties and enhanced stability of a

constitutively active estrogen receptor: evidence that an open pocket conformation is required for ligand interaction. Biochemistry. 1997 Dec 02;36
(48):14897-905 (PMID: 9398213)

. Dabydeen SA, Kang K, Diaz-Cruz ES, Alamri A, Axelrod ML, Bouker KB, Al-Kharboosh R, Clarke R, Hennighausen L, Furth PA (2014) Comparison

of tamoxifen and letrozole response in mammary preneoplasia of ER and aromatase overexpressing mice defines an immune-associated gene
signature linked to tamoxifen resistance. Carcinogenesis. 2015 Jan;36(1):122-32. Epub 2014 Nov 23 (PMID: 25421723)

. Dahigren M, George AM, Brueffer C, Gladchuk S, Chen Y, Vallon-Christersson J, Hegardt C, Hakkinen J, Rydén L, Malmberg M, Larsson C,

Gruvberger-Saal SK, Ehinger A, Loman N, Borg A, Saal LH (2021) Preexisting Somatic Mutations of Estrogen Receptor Alpha (ESR1) in Early-Stage
Primary Breast Cancer. JNCI Cancer Spectr. 2021 Apr;5(2). Epub 2021 Apr 22 (PMID: 33937624)

. Dessources K, Miller KM, Kertowidjojo E, Da Cruz Paula A, Zou Y, Selenica P, da Silva EM, Benayed R, Ashley CW, Abu-Rustum NR, Dogan S,

Soslow RA, Hensley ML, Weigelt B, Chiang S (2021) ESR1 hotspot mutations in endometrial stromal sarcoma with high-grade transformation and
endocrine treatment. Mod Pathol 2022 Jul;35(7):972-978 (PMID: 34961764)

Fanning SW, Mayne CG, Dharmarajan V, Carlson KE, Martin TA, Novick SJ, Toy W, Green B, Panchamukhi S, Katzenellenbogen BS, Tajkhorshid E,
Griffin PR, Shen Y, Chandarlapaty S, Katzenellenbogen JA, Greene GL (2016) Estrogen receptor alpha somatic mutations Y537S and D538G confer
breast cancer endocrine resistance by stabilizing the activating function-2 binding conformation. Elife. 2016 Feb 02;5. Epub 2016 Feb 2 (PMID:
26836308)

Freitag CE, Mei P, Wei L, Parwani AV, Li Z (2020) ESR1 genetic alterations and their association with clinicopathologic characteristics in advanced
breast cancer: a single academic institution experience. Hum Pathol. 2021 Jan;107:80-86. Epub 2020 Nov 4 (PMID: 33157125)

Fribbens C, O'Leary B, Kilburn L, Hrebien S, Garcia-Murillas |, Beaney M, Cristofanilli M, Andre F, Loi S, Loibl S, Jiang J, Bartlett CH, Koehler M,
Dowsett M, Bliss JM, Johnston SR, Turner NC (2016) Plasma ESR1 Mutations and the Treatment of Estrogen Receptor-Positive Advanced Breast
Cancer. J Clin Oncol. 2016 Sep 01;34(25):2961-8. Epub 2016 Jun 6 (PMID: 27269946)

Harrod A, Fulton J, Nguyen VTM, Periyasamy M, Ramos-Garcia L, Lai CF, Metodieva G, de Giorgio A, Williams RL, Santos DB, Gomez PJ, Lin ML,
Metodiev MV, Stebbing J, Castellano L, Magnani L, Coombes RC, Buluwela L, Ali S (2016) Genomic modelling of the ESR1 Y537S mutation for
evaluating function and new therapeutic approaches for metastatic breast cancer. Oncogene. 2017 Apr 20;36(16):2286-2296. Epub 2016 Oct 17

(PMID: 27748765)

Harrod A, Lai CF, Goldsbrough I, Simmons GM, Oppermans N, Santos DB, Gy6rffy B, Allsopp RC, Toghill BJ, Balachandran K, Lawson M, Morrow
CJ, Surakala M, Carnevalli LS, Zhang P, Guttery DS, Shaw JA, Coombes RC, Buluwela L, Ali S (2022) Genome engineering for estrogen receptor
mutations reveals differential responses to anti-estrogens and new prognostic gene signatures for breast cancer. Oncogene. 2022 Oct;41(44):4905-
4915. Epub 2022 Oct 5 (PMID: 36198774)

Hartmaier RJ, Trabucco SE, Priedigkeit N, Chung JH, Parachoniak CA, Vanden Borre P, Morley S, Rosenzweig M, Gay LM, Goldberg ME, Suh J, Ali
SM, Ross J, Leyland-Jones B, Young B, Williams C, Park B, Tsai M, Haley B, Peguero J, Callahan RD, Sachelarie I, Cho J, Atkinson JM, Bahreini A,
Nagle AM, Puhalla SL, Watters RJ, Erdogan-Yildirim Z, Cao L, Oesterreich S, Mathew A, Lucas PC, Davidson NE, Brufsky AM, Frampton GM,
Stephens PJ, Chmielecki J, Lee AV (2018) Recurrent hyperactive ESR1 fusion proteins in endocrine therapy-resistant breast cancer. Ann Oncol.
2018 Apr 01;29(4):872-880 (PMID: 29360925)

Huang CC, Tsai YF, Liu CY, Chao TC, Lien PJ, Lin YS, Feng CJ, Chiu JH, Hsu CY, Tseng LM (2021) Comprehensive molecular profiling of
Taiwanese breast cancers revealed potential therapeutic targets: prevalence of actionable mutations among 380 targeted sequencing analyses. BMC
Cancer. 2021 Feb 25;21(1):199 (PMID: 33632156)

Jeselsohn R, Yelensky R, Buchwalter G, Frampton G, Meric-Bernstam F, Gonzalez-Angulo AM, Ferrer-Lozano J, Perez-Fidalgo JA, Cristofanilli M,
Gomez H, Arteaga CL, Giltnane J, Balko JM, Cronin MT, Jarosz M, Sun J, Hawryluk M, Lipson D, Otto G, Ross JS, Dvir A, Soussan-Gutman L, Wolf
I, Rubinek T, Gilmore L, Schnitt S, Come SE, Pusztai L, Stephens P, Brown M, Miller VA (2014) Emergence of constitutively active estrogen receptor-
a mutations in pretreated advanced estrogen receptor-positive breast cancer. Clin Cancer Res. 2014 Apr 01;20(7):1757-1767. Epub 2014 Jan 7
(PMID: 24398047)

Kumar M, Salem K, Michel C, Jeffery JJ, Yan Y, Fowler AM (2019) 18F-Fluoroestradiol PET Imaging of Activating Estrogen Receptor-a Mutations in
Breast Cancer. J Nucl Med. 2019 Sep;60(9):1247-1252. Epub 2019 Mar 8 (PMID: 30850489)

Lainé M, Fanning SW, Chang YF, Green B, Greene ME, Komm B, Kurleto JD, Phung L, Greene GL (2021) Lasofoxifene as a potential treatment for
therapy-resistant ER-positive metastatic breast cancer. Breast Cancer Res. 2021 May 12;23(1):54 (PMID: 33980285)

Lefebvre C, Bachelot T, Filleron T, Pedrero M, Campone M, Soria JC, Massard C, Lévy C, Arnedos M, Lacroix-Triki M, Garrabey J, Boursin Y,
Deloger M, Fu Y, Commo F, Scott V, Lacroix L, Dieci MV, Kamal M, Diéras V, Gongalves A, Ferrerro JM, Romieu G, Vanlemmens L, Mouret Reynier
MA, Théry JC, Le Du F, Guiu S, Dalenc F, Clapisson G, Bonnefoi H, Jimenez M, Le Tourneau C, André F (2016) Mutational Profile of Metastatic
Breast Cancers: A Retrospective Analysis. PLoS Med. 2016 Dec;13(12):e1002201. Epub 2016 Dec 27 (PMID: 28027327)

Li S, Shen D, Shao J, Crowder R, Liu W, Prat A, He X, Liu S, Hoog J, Lu C, Ding L, Griffith OL, Miller C, Larson D, Fulton RS, Harrison M, Mooney T,
McMichael JF, Luo J, Tao Y, Goncalves R, Schlosberg C, Hiken JF, Saied L, Sanchez C, Giuntoli T, Bumb C, Cooper C, Kitchens RT, Lin A,
Phommaly C, Davies SR, Zhang J, Kavuri MS, McEachern D, Dong YY, Ma C, Pluard T, Naughton M, Bose R, Suresh R, McDowell R, Michel L, Aft
R, Gillanders W, DeSchryver K, Wilson RK, Wang S, Mills GB, Gonzalez-Angulo A, Edwards JR, Maher C, Perou CM, Mardis ER, Ellis MJ (2013)
Endocrine-therapy-resistant ESR1 variants revealed by genomic characterization of breast-cancer-derived xenografts. Cell Rep. 2013 Sep 26;4(6):
1116-30. Epub 2013 Sep 19 (PMID: 24055055)


https://www.ncbi.nlm.nih.gov/pubmed/22149876?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/22149876?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/22149876?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34324367?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34324367?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34324367?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/9398213?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/9398213?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/9398213?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/25421723?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/25421723?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/25421723?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33937624?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33937624?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33937624?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34961764?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34961764?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34961764?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26836308?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26836308?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26836308?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26836308?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33157125?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33157125?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27269946?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27269946?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27269946?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27748765?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27748765?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27748765?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27748765?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/36198774?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/36198774?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/36198774?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/36198774?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29360925?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29360925?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29360925?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29360925?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29360925?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33632156?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33632156?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33632156?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24398047?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24398047?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24398047?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24398047?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24398047?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/30850489?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/30850489?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33980285?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33980285?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/28027327?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/28027327?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/28027327?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/28027327?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24055055?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24055055?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24055055?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24055055?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24055055?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24055055?dopt=Abstract

Marsden360 ———
Developed in partnership with Guardant Health ﬁ : ;
ROYAL
MARSDEN

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.
40.

Clinical Genomics

Liang J, Zbieg JR, Blake RA, Chang JH, Daly S, DiPasquale AG, Friedman LS, Gelzleichter T, Gill M, Gilthane JM, Goodacre S, Guan J, Hartman
SJ, Ingalla ER, Kategaya L, Kiefer JR, Kleinheinz T, Labadie SS, Lai T, Li J, Liao J, Liu Z, Mody V, McLean N, Metcalfe C, Nannini MA, Oeh J,
O'Rourke MG, Ortwine DF, Ran Y, Ray NC, Roussel F, Sambrone A, Sampath D, Schutt LK, Vinogradova M, Wai J, Wang T, Wertz |IE, White JR,
Yeap SK, Young A, Zhang B, Zheng X, Zhou W, Zhong Y, Wang X (2021) GDC-9545 (Giredestrant): A Potent and Orally Bioavailable Selective
Estrogen Receptor Antagonist and Degrader with an Exceptional Preclinical Profile for ER+ Breast Cancer. J Med Chem 2021 Aug 26;64(16):11841-
11856 (PMID: 34251202)

O'Leary B, Cutts RJ, Liu Y, Hrebien S, Huang X, Fenwick K, André F, Loibl S, Loi S, Garcia-Murillas I, Cristofanilli M, Huang Bartlett C, Turner NC
(2018) The Genetic Landscape and Clonal Evolution of Breast Cancer Resistance to Palbociclib plus Fulvestrant in the PALOMA-3 Trial. Cancer
Discov. 2018 Nov;8(11):1390-1403. Epub 2018 Sep 11 (PMID: 30206110)

Patel HK, Tao N, Lee KM, Huerta M, Arlt H, Mullarkey T, Troy S, Arteaga CL, Bihani T (2019) Elacestrant (RAD1901) exhibits anti-tumor activity in
multiple ER+ breast cancer models resistant to CDK4/6 inhibitors. Breast Cancer Res. 2019 Dec 18;21(1):146 (PMID: 31852484)

Pearce ST, Jordan VC (2004) The biological role of estrogen receptors alpha and beta in cancer. Crit Rev Oncol Hematol. 2004 Apr;50(1):3-22
(PMID: 15094156)

Puyang X, Furman C, Zheng GZ, Wu ZJ, Banka D, Aithal K, Agoulnik S, Bolduc DM, Buonamici S, Caleb B, Das S, Eckley S, Fekkes P, Hao MH,
Hart A, Houtman R, Irwin S, Joshi JJ, Karr C, Kim A, Kumar N, Kumar P, Kuznetsov G, Lai WG, Larsen N, Mackenzie C, Martin LA, Melchers D,
Moriarty A, Nguyen TV, Norris J, O'Shea M, Pancholi S, Prajapati S, Rajagopalan S, Reynolds DJ, Rimkunas V, Rioux N, Ribas R, Siu A, Sivakumar
S, Subramanian V, Thomas M, Vaillancourt FH, Wang J, Wardell S, Wick MJ, Yao S, Yu L, Warmuth M, Smith PG, Zhu P, Korpal M (2018) Discovery
of Selective Estrogen Receptor Covalent Antagonists for the Treatment of ERaWT and ERaMUT Breast Cancer. Cancer Discov. 2018 Sep;8(9):1176-
1193. Epub 2018 Jul 10 (PMID: 29991605)

Robinson DR, Wu YM, Vats P, Su F, Lonigro RJ, Cao X, Kalyana-Sundaram S, Wang R, Ning Y, Hodges L, Gursky A, Siddiqui J, Tomlins SA,
Roychowdhury S, Pienta KJ, Kim SY, Roberts JS, Rae JM, Van Poznak CH, Hayes DF, Chugh R, Kunju LP, Talpaz M, Schott AF, Chinnaiyan AM
(2013) Activating ESR1 mutations in hormone-resistant metastatic breast cancer. Nat Genet. 2013 Dec;45(12):1446-1451. Epub 2013 Nov 3 (PMID:
24185510)

Schiavon G, Hrebien S, Garcia-Murillas I, Cutts RJ, Pearson A, Tarazona N, Fenwick K, Kozarewa |, Lopez-Knowles E, Ribas R, Nerurkar A, Osin P,
Chandarlapaty S, Martin LA, Dowsett M, Smith IE, Turner NC (2015) Analysis of ESR1 mutation in circulating tumor DNA demonstrates evolution
during therapy for metastatic breast cancer. Sci Transl Med. 2015 Nov 11;7(313):313ra182 (PMID: 26560360)

Shomali M, Cheng J, Sun F, Koundinya M, Guo Z, Hebert AT, McManus J, Levit MN, Hoffmann D, Courjaud A, Arrebola R, Cao H, Pollard J, Lee JS,
Besret L, Caron A, Bangari DS, Abecassis PY, Schio L, EI-Ahmad Y, Halley F, Tabart M, Certal V, Thompson F, McCort G, Filoche-Rommé B,
Cheng H, Garcia-Echeverria C, Debussche L, Bouaboula M (2020) SAR439859, a Novel Selective Estrogen Receptor Degrader (SERD),
Demonstrates Effective and Broad Antitumor Activity in Wild-Type and Mutant ER-Positive Breast Cancer Models. Mol Cancer Ther 2021 Feb;20(2):
250-262 (PMID: 33310762)

Takeshita T, Yamamoto Y, Yamamoto-lbusuki M, Inao T, Sueta A, Fujiwara S, Omoto Y, lwase H (2015) Droplet digital polymerase chain reaction
assay for screening of ESR1 mutations in 325 breast cancer specimens. Transl Res. 2015 Dec;166(6):540-553.e2. Epub 2015 Sep 14 (PMID:
26434753)

Takeshita T, Yamamoto Y, Yamamoto-lbusuki M, Tomiguchi M, Sueta A, Murakami K, lwase H (2018) Clinical significance of plasma cell-free DNA
mutations in PIK3CA, AKT1, and ESR1 gene according to treatment lines in ER-positive breast cancer. Mol Cancer. 2018 Feb 26;17(1):67 (PMID:
29482551)

Toy W, Shen Y, Won H, Green B, Sakr RA, Will M, Li Z, Gala K, Fanning S, King TA, Hudis C, Chen D, Taran T, Hortobagyi G, Greene G, Berger M,
Baselga J, Chandarlapaty S (2013) ESR1 ligand-binding domain mutations in hormone-resistant breast cancer. Nat Genet. 2013 Dec;45(12):1439-
1445. Epub 2013 Nov 3 (PMID: 24185512)

Toy W, Weir H, Razavi P, Lawson M, Goeppert AU, Mazzola AM, Smith A, Wilson J, Morrow C, Wong WL, De Stanchina E, Carlson KE, Martin TS,
Uddin S, Li Z, Fanning S, Katzenellenbogen JA, Greene G, Baselga J, Chandarlapaty S (2016) Activating ESR1 Mutations Differentially Affect the
Efficacy of ER Antagonists. Cancer Discov. 2017 Mar;7(3):277-287. Epub 2016 Dec 16 (PMID: 27986707)

Traphagen NA, Hosford SR, Jiang A, Marotti JD, Brauer BL, Demidenko E, Miller TW (2021) High estrogen receptor alpha activation confers
resistance to estrogen deprivation and is required for therapeutic response to estrogen in breast cancer. Oncogene. 2021 May;40(19):3408-3421.
Epub 2021 Apr 19 (PMID: 33875787)

Turner NC, Swift C, Kilburn L, Fribbens C, Beaney M, Garcia-Murillas |, Budzar AU, Robertson JFR, Gradishar W, Piccart M, Schiavon G, Bliss JM,
Dowsett M, Johnston SRD, Chia SK (2020) ESR1 Mutations and Overall Survival on Fulvestrant versus Exemestane in Advanced Hormone
Receptor-Positive Breast Cancer: A Combined Analysis of the Phase Ill SoFEA and EFECT Trials. Clin Cancer Res. 2020 Oct 01;26(19):5172-5177.
Epub 2020 Jun 16 (PMID: 32546646)

Udden SN, Wang Q, Kumar S, Malladi VS, Wu SY, Wei S, Posner BA, Geboers S, Williams NS, Liu Y, Sharma JK, Mani RS, Malladi S, Parra K,
Hofstad M, Raj GV, Larios JM, Jagsi R, Wicha MS, Park BH, Gupta GP, Chinnaiyan AM, Chiang CM, Alluri PG (2022) Targeting ESR1 mutation-
induced transcriptional addiction in breast cancer with BET inhibition. JCI Insight. 2022 Sep 08;7(17). Epub 2022 Sep 8 (PMID: 35881485)

Weis KE, Ekena K, Thomas JA, Lazennec G, Katzenellenbogen BS (1996) Constitutively active human estrogen receptors containing amino acid
substitutions for tyrosine 537 in the receptor protein. Mol Endocrinol. 1996 Nov;10(11):1388-98 (PMID: 8923465)

European Medicines Agency. Elacestrant. https://www.ema.europa.eu/en/documents/product-information/orserdu-epar-product-information_en.pdf

U.S. Food and Drug Administration. Elacestrant. https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217639s000Ibl.pdf

(2024) Breast Cancer NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Breast Cancer V.5.2024 https://www.nccn.org
/professionals/physician_gls/pdf/breast.pdf



https://www.ncbi.nlm.nih.gov/pubmed/34251202?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34251202?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34251202?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34251202?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34251202?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/34251202?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/30206110?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/30206110?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/30206110?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/31852484?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/31852484?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/15094156?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/15094156?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29991605?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29991605?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29991605?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29991605?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29991605?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29991605?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185510?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185510?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185510?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185510?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26560360?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26560360?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26560360?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33310762?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33310762?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33310762?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33310762?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33310762?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26434753?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26434753?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/26434753?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29482551?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29482551?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/29482551?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185512?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185512?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/24185512?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27986707?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27986707?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/27986707?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33875787?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33875787?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/33875787?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/32546646?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/32546646?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/32546646?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/32546646?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/35881485?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/35881485?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/35881485?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/8923465?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/8923465?dopt=Abstract
https://www.ema.europa.eu/en/documents/product-information/orserdu-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/217639s000lbl.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf

