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RESISTANCE TO ENDOCRINE THERAPY-ESR1 GENE MUTATIONS

Jeselsohn R, et al. Nat Rev Clin Oncol. 2015

➢ More than 70% of breast cancers express ESR1

➢ Aromatase inhibitors or selective ER modulators/ 

degraders (SERM/SERD) are conventional 

treatments for ER+ breast cancer. 

➢ Resistance to these endocrine therapies is a 

clinical challenge → 30%–40% of endocrine-

resistant metastatic breast cancer (MBC) is 

enriched in ESR1 somatic missense mutations

➢ Ligand-binding domain (LBD) ESR1 mutations 

correlate with poor outcomes in patients with 

advanced disease. 

➢ ESR1 hotspot mutations drive constitutive ER 

activity and decrease sensitivity toward ER 

antagonists

Betz M, et al. Cancers (Basel). 2023 Oct 27;15(21):5169



ESR1 MUTATIONS IN ctDNA



CLONAL EVOLUTION OF ESR1 MUTATIONS

Jeselsohn R, et al. Nat Rev Clin Oncol. 2015



“We evaluated NGS results of a pan-cancer cohort of almost 6000 patients from two major 

German institutes of pathology, to show that the occurrence of ESR1 mutations is 

extremely rare (<1%) in ET-naive patients. This suggests that ESR1 mutations arise 

almost exclusively under the pressure of ET.”

Borkar S, et al. Cancers (Basel). 2025



CLINICAL UTILITY OF ctDNA ESR1 MUTATION TESTING

Schiavon G, et al. Sci Transl Med. 2015

➢ ESR1 mutations were detected in the plasma of 10.5% (18/171, 95% CI 6%-16%) patients with 

advanced breast cancer, exclusively in patients with ER positive breast cancer

➢ All patients with ESR1 mutations detected had prior AI exposure

➢ Patients with ESR1 mutations detected in plasma had a substantially shorter PFS on 

subsequent AI-based therapy



PADA-1 trial

ctDNA ESR1 MUTATION MONITORING FOR THERAPY DECISIONS

Bidard FC, et al. Lancet Oncol. 2022

➢ molecular stratification of patients 

with MBC under 1st line aromatase 

inhibitor (AI) and palbociclib based on 

ESR1 mutations detected through 

liquid biopsy

➢ to detect these mutations early, 

potentially before clinical 

progression is evident, which could 

allow for earlier intervention with 

alternative therapies: early switch 

from AI therapy to the SERD 

fulvestrant, with palbociclib being 
continued



Turner N et al. Future Oncol. 2023

CLINICAL UTILITY OF ESR1 MUTATION TESTING



CLINICAL UTILITY OF ctDNA ESR1 MUTATION TESTING

EMERALD trial

Bidard FC, et al. J Clin Oncol. 2022

➢ Randomizing patients with pre-treated MBC to receive the 

novel oral SERD elacestrant or the standard of care ET. 

➢ Patients harboring ESR1 mutations and treated with 

elacestrant had a longer progression-free survival 

(PFS), with a PFS of 3.8 months compared with the 1.9 

months of the standard-of-care (SOC) arm 

➢ The efficacy of elacestrant was maintained when 

compared with the fulvestrant subgroup



FDA APPROVED LIQUID BIOPSY TESTS

Ntzifa A. & Lianidou E, Crit Rev Clin Lab Sci, 2023



“The results from SERENA-6 

showed that switching from an 

aromatase inhibitor to 

camizestrant in combination 

with any of the three CDK4/6 

inhibitors after the emergence of 

ESR1 mutations delays the 

progression of disease and 

extends the benefit of 1st-line 

treatment, representing an 

important step forward for the 

treatment management of 

patients.”

Turner N et al. Future Oncol. 2023

SERENA-6 trial

ctDNA ESR1 MUTATION MONITORING FOR THERAPY DECISIONS



ctDNA ESR1 MUTATION MONITORING FOR THERAPY DECISIONS

➢ the median progression-free survival was 16.0 months 
(95% confidence interval [CI], 12.7 to 18.2) in the 
camizestrant group and 9.2 months (95% CI, 7.2 to 
9.5) in the aromatase-inhibitor group

Bidard FC, N Engl J Med. 2025



GUIDELINES

“To aid in treatment selection, the Expert Panel recommends routine testing for emergence of 

ESR1 mutations at recurrence or progression on ET (given with or without CDK4/6 inhibitor) in 

patients with ER-positive, HER2-negative MBC. Testing with a Clinical Laboratory 

Improvement Amendments–certified assay should be performed on blood or tissue obtained 

at the time of progression, as ESR1 mutations develop in response to selection pressure 

during treatment and are typically undetectable in the primary tumor. Blood-based ctDNA is 

preferred owing to greater sensitivity”

Burstein Hjet al. J Clin Oncol. 2023



ESR1 MUTATIONS IN CTCs



ESR1 MUTATIONS IN CTCs

Paolillo C, et al. Clin Cancer Res. 2017





ACTC LAB: ESR1 MUTATIONS IN CTCs & ctDNA



DIRECT COMPARISON OF CTCs & ctDNA 

FOR THE DETECTION OF ESR1 

MUTATIONS



➢ In the present study, we investigated whether the analysis of ESR1 

mutations in CTCs and ctDNA provide complementary information 

on resistance to ET using a highly sensitive 6-plex ddPCR assay.



MATERIALS & METHODS

Metastatic breast cancer patients

• 90 patients

• HR+/ HER2-

• Treated with endocrine therapy (ET)

Control group

• 10 healthy donors. 

• Peripheral blood was processed exactly in the same way as clinical samples

*Clinical samples were collected in the context of the Operational Program ‘Competitiveness, 

Entrepreneurship and Innovation’, under the call RESEARCH-CREATE-INNOVATE (project

code: T1RCI-02935)



MATERIALS & METHODS

Smilkou S, et al. Mol Oncol. 2025

• mBC patients under ET

• Time point: before any 

switch of treatment



MATERIALS & METHODS

ddplex ESR1 assay

mutations

• exon 5 (E380Q)

• exon 7 (S463P)

• exon 8 (L536R, 

Y537C, Y537S, 

Y537N, D538G)

ddplex WT assay

wild-type loci in exons 5, 

7, 8 of the ESR1 gene 

Smilkou S, et al. Mol Oncol. 2025



RESULTS: 2D ddPCR plots for ESR1 mutations in clinical samples

Smilkou S, et al. Mol Oncol. 2025

ctDNA 

8/90 (8.9%) positive for ESR1 mutations

6/8: Y537S [%MAF: 0.15-9.51%]

2/8: D538G [%MAF: 0.20-0.64%]

CTCs 

11/42 (26.2%) positive for ESR1 mutations

6/11: Y537S [%MAF: 0.1-4.4%]

5/11: Y537C [%MAF: 0.03-6.7%]

Concurrent mutations: Y537S, D538G, 

L536R in one sample 

*ESR1 mutations were not detected in any of 
HDs’ CTC or cfDNA samples



RESULTS: Direct comparison of cfDNA & paired CTC samples

Concordance: 31/42 (73.81%), p < 0.152, chi-squared test
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RESULTS: Case Studies

• ET for 15 months until the date of blood sampling 

• then switched to chemotherapy plus immunotherapy 

• 2 months later had PD. At this time point, ESR1 p.D538G was detected in plasma-cfDNA. 

• the patient kept receiving chemotherapy plus immunotherapy, and after 4 months from new PD 

and resistance to therapy, the patient passed away. 

• ET as a first-line treatment, 20 months later progressed

• After 1 month from relapse, the patient received again ET

• ESR1 mutations were not detected in plasma-cfDNA of this patient

• 6 months after PD and before the 2nd-line ET, ESR1 p.Y537S was detected in CTC-derived 

gDNA. 

• ET as first-line treatment and progressed 30 months after diagnosis 

• One month after the relapse, ESR1 p.Y537S and ESR1 p.Y537C were detected in plasma-

cfDNA and in CTC-derived gDNA, respectively. 

• continued on ET plus immunotherapy and 4 months later none of these mutations were 

detected either in plasma-cfDNA or in CTC-derived gDNA. 

• The patient had complete response to treatment.

Smilkou S, et al. Mol Oncol. 2025



CONCLUSIONS

❑Liquid biopsy as a minimally invasive approach plays important role in the 

clinical setting of ER+/HER2- metastatic breast cancer patients

❑Detection of ESR1 mutations in plasma cfDNA upon resistance to ET has 

proven to be crucial for the treatment management of ER+/HER2- 

metastatic breast cancer patients, as this was shown in clinical trials

❑6-plex ddPCR offers high sensitivity and accuracy and in combination with 

the multiplexing capacity offers a potential for the detection of ESR1 

mutations both in CTCs and cfDNA

❑Targeted approach of ddPCR for the detection of ESR1 mutations is 

essential for the longitudinal monitoring of metastatic BrCa patients during 

treatment to guide early treatment interventions



CONCLUSIONS

❑ Our results clearly indicate that a higher detection rate was revealed in CTC-derived 

genomic DNA than in paired plasma-cfDNA samples 

❑ CTC-derived gDNA analysis should be further evaluated as an important and 

complementary tool to ctDNA for identifying patients with ESR1 mutations and for 

guiding individualized therapy

❑ Future perspectives: to integrate CTC analysis in larger clinical studies to further 

confirm the importance of detecting ESR1 mutations both in CTCs and plasma for 

guiding personalized treatment
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