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Abstract 

 

Background: Activating mutations in estrogen receptor 1 (ESR1) and phosphatidylinositol-

4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) genes are known mechanisms of 

endocrine resistance. A recent analysis supported the benefit of early intervention when the 

presence of ESR1 mutations is detected in the blood (bESR1) before clinical progression. 

Herein, we aimed to investigate ESR1 and PIK3CA mutations detected in cell-free DNA 

(cfDNA) from patients with hormone receptor-positive, human epidermal growth factor 

receptor 2-negative metastatic breast cancer and their impact on progression-free survival 

(PFS).  

Methods: A total of 25 patients who underwent first-line palliative endocrine therapy (ETx) 

were included in this study from a prospective cohort. Seven ESR1 hotspot mutations in the 

ligand-binding domain were tested in cfDNA using a droplet digital polymerase chain reaction 

assay, and eleven PIK3CA hotspot mutations were tested using an amplicon-based targeted 

next-generation sequencing method for both tumors and cfDNA. PFS analyses were performed 

using the Kaplan–Meier method and compared using the log-rank test. 

Results: We examined 268 cfDNA samples collected from 25 patients every three to six 

months. bESR1 was observed in 64.0% (16/25) of the patients, with D538G being the most 

common mutation and 68.8% polyclonal. Among the 50.0% of the patients with bESR1 

mutations with clinical progression, bESR1 was detected in four before clinical progression, 

and four were diagnosed with clinical progression concurrently or after. While bESR1 mutation 

did not affect overall PFS, patients with bESR1 detected within 6 months of first-line ETx 

(18.8%) displayed worse outcomes (median PFS 5.5 vs. 53.6 months). Notably, patients with 

bESR1 cleared in the subsequent cfDNA analysis (81.3%) had better outcomes (median PFS 
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53.6 vs. 42.4 months). Furthermore, PIK3CA mutations in cfDNA were detected in 68.2% 

(15/22) of the patients at the time of distant metastasis diagnosis, of whom 53.3% (8/15) had 

bESR1. While the presence of PIK3CA mutations in the primary tumor tissue did not affect 

disease-free survival or PFS, patients with blood PIK3CA mutations displayed significantly 

worse PFS (p = 0.024). 

Conclusions: A substantial number of bESR1 and PIK3CA mutations were detected in serial 

plasma samples. Although it was a small-sized analysis to accurately assess statistical 

significance, we observed worse outcomes in patients with early detection within 6 months 

and sustained bESR1 expression during palliative ETx. PIK3CA mutations in cfDNA are 

prognostic factors, supporting the benefits of combined targeted therapies. 
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1. Introduction 

1.1 Estrogen receptor-positive breast cancer 

Approximately 80% of the breast cancers express estrogen receptor (ER) (1). Endocrine 

therapy (ETx), which targets the ER, is the standard adjuvant treatment for this type of tumor. 

Several classes of endocrine agents with different mechanisms of action have been used to 

treat ER-positive breast cancer. All of these treatments block ER function and signaling. 

Selective ER modulators, such as tamoxifen, have anti-estrogenic activity mediated by 

competitive inhibition of estrogen-ER binding (2). Aromatase inhibitors (AI) inhibit the 

conversion of androgens into estrogens (3). Selective estrogen receptor degraders (SERD) 

such as fulvestrant bind to ER and downregulate it through ER degradation (4). ETx 

significantly reduces the recurrence and mortality rates of ER-positive breast cancer (5). 

However, even after receiving these therapies, patients with ER-positive breast cancer have a 

persistent risk of recurrence for up to 20 years after diagnosis (6). Notably, endocrine 

resistance remains a major clinical challenge in treating ER-positive breast cancer. Breast 

cancer acquires endocrine resistance through various mechanisms (7). Mutations in estrogen 

receptor 1 (ESR1) and phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha 

(PIK3CA) mutations are known mechanisms of endocrine resistance in hormone receptor 

(HR)-positive breast cancer. The presence of these mutations is associated with poor prognosis 

(8-10). 

 

1.2 Estrogen receptor 1 mutation 

ER is a transcription factor that consists of functional domains encoded by ESR1 (11). ESR1 

mutation confer endocrine resistance by altering the structure and function in the ligand 
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binding domain of ERα (12). ESR1 mutations are rare in primary breast cancer but are enriched 

in metastatic breast cancer, particularly in patients previously exposed to AIs (13, 14). ESR1 

mutations were first reported in 1996 (15), and their clinical significance was discovered later. 

Several studies have revealed the role of ESR1 mutations as prognostic biomarkers (9, 10). A 

study that conducted circulating tumor DNA (ctDNA) analysis of plasma samples from 

patients in the “Study of Faslodex versus Exemestane with or without Arimidex (SoFEA)” 

trial showed that patients with ESR1 mutations had improved progression-free survival (PFS) 

when treated with fulvestrant compared to those treated with exemestane (16). Fulvestrant is 

a first-in-class SERD. However, fulvestrant has a low bioavailability and is delivered via 

intramuscular injections. In addition, a preclinical study reported reduced efficacy of 

fulvestrant due to a specific type of ESR1 mutation (17). To overcome this limitation, orally 

bioavailable SERDs have been developed, and some studies have reported positive results (18, 

19). In the EMERALD trial (NCT03778931), elacestrant first demonstrated a significant 

improvement in PFS in patients with ESR1 mutations (18). 

 

1.3 PIK3CA mutation 

The phosphatidylinositol 3-kinase (PI3K) pathway is frequently dysregulated in cancers. This 

pathway is associated with disease progression and endocrine resistance in breast cancer (20). 

The PIK3CA gene encodes the p110α catalytic subunit of PI3K, mediating cell survival, 

differentiation, and proliferation (21). PIK3CA mutations have been reported in up to 40% of 

patients with metastatic HR-positive breast cancer (22-25). The prognostic and predictive 

value of PIK3A mutations has also been elucidated (26). PIK3CA mutation has emerged as a 

therapeutic target for HR-positive/human epidermal growth factor receptor 2 (HER2)-negative 

metastatic breast cancer. Some PI3K inhibitors and isoform-selective PI3K inhibitors have 
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been developed (27, 28). Some studies have shown synergistic effects of PI3K inhibitors and 

ETx (29, 30). The PFS benefits of targeted therapy based on PIK3CA mutations have been 

reported in metastatic HR-positive breast cancer (27). 

 

1.4 Circulating tumor DNA 

ctDNA analysis from cell-free DNA (cfDNA) has emerged as an important tool for detecting 

these clinically relevant mutations. In some patients with metastases, it may not be possible to 

obtain metastatic tissues. Liquid biopsy using ctDNA from cfDNA is a non-invasive method 

for detecting mutations. ctDNA is present in very low fractions, constituting less than 1% of 

the total cfDNA, and a highly sensitive method is required to detect it (31). Notably, advances 

in genomic technology have enabled the identification of rare mutant variants (32). ESR1 

mutations are subclonally acquired in cancers during ETx. ctDNA testing detects 

approximately 20–40% of ESR1 mutations in metastatic breast cancer (13, 14, 16) and is 

recommended as a primary test for ESR1 mutation detection (33). Polymerase chain reaction 

(PCR)- and next-generation sequencing (NGS)-based tests of blood are recommended as 

companion diagnostics to identify PIK3CA mutations to administer PI3K inhibitors (34).  

 

1.5 ctDNA monitoring 

Evidence for the serial monitoring of ctDNA during treatment is limited. In a clinical trial 

evaluating the efficacy of inhibitors of cyclin-dependent kinases 4 and 6 (CDK4/6i) in ER-

positive breast cancer, short-term reduction in PIK3CA ctDNA levels predicted prognosis and 

treatment response (22). It has also been reported that ctDNA increases during treatment-

identified disease progression in a significant proportion of patients before detection in 
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radiological studies using longitudinal ctDNA analysis (35). These results indicate the utility 

of measuring serial ctDNA levels during treatment to detect disease progression and rapidly 

optimize treatment. In a randomized phase III PADA-1 trial (NCT03079011), patients with 

ER-positive/HER2-negative advanced breast cancer receiving first-line AI and CDK4/6i 

therapy were recruited and monitored for rising blood ESR1 (bESR1) mutations (36). 

Switching ETx after the elevation of the bESR1 mutations and before clinical tumor 

progression significantly improved PFS in these patients. These results demonstrate the 

clinical benefit of a targeted approach using ctDNA monitoring. 

 

2. Purpose 

In this study, we identified ESR1 and PIK3CA mutations in the ctDNA of patients with HR-

positive/HER2-negative metastatic breast cancer using droplet digital PCR (ddPCR) assays 

and amplicon-based targeted NGS with plasma samples collected at multiple time points. We 

aimed to track ESR1 mutation changes during palliative treatment and compare mutation 

detection and the timing of clinical disease progression. We also analyzed the association 

between ESR1 and PIK3CA mutations and PFS.  
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3. Methods 

3.1 Patients 

Patients with recurrent or metastatic breast cancer were identified from a previously 

established prospective circulating tumor cell and ctDNA cohort in August 2017 at Asan 

Medical Center, Seoul, Republic of Korea. We identified patients who were enrolled until 

March 21, 2023. Patients with HR-negative or HER2-positive tumors were excluded. 

Patients whose HR or HER2 status changed in the metastatic tissue were also excluded. 

Patients were eligible if primary breast cancer tissue was present at diagnosis, plasma 

samples were collected at the time of metastasis, and serial blood samples were collected 

during ETx. Among the patients who received palliative first-line ETx, 25 were included in 

this study (Figure 1). This study was approved by the Institutional Review Board of the Asan 

Medical Center (2019-1480). Written informed consent was previously obtained from all 

patients in the cohort. HR positivity was defined as nuclear staining ≥1% or an Allred score 

of 3–8 based on the results of immunohistochemistry (IHC) staining for the ER or 

progesterone receptor. HER2 positivity was defined as 3+ by IHC staining, HER2 gene 

amplification by fluorescence in situ hybridization (FISH), or silver-enhanced in situ 

hybridization (SISH). HER2 grade 2+ (equivocal) without FISH or SISH testing was defined 

as an unknown HER2 status and was excluded. Primary endocrine resistance was defined as 

relapse during the first two years of adjuvant ETx or progression during the first six months 

of first-line ETx. Secondary endocrine resistance was defined as disease relapse while on 

adjuvant ETx but after the first two years, relapse within 12 months of completing adjuvant 

ETx, or progressive disease ≥6 months after initiating first-line ETx (37). The clinical 

response to palliative therapy was assessed according to the physician’s assessment of the 

radiological evidence of changes in the burden of disease. The first-line or later lines of 

treatment were decided by the physician or through consultation with a multidisciplinary 
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clinic consisting of a breast surgeon, medical oncologist, radiation oncologist, pathologist, 

radiologist, and nuclear radiologist. 

 

 

 

Figure 1. Flow diagram of patient selection criteria 

HER2, Human epidermal growth factor receptor 2 
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3.2 Sample collection and processing 

Blood collection was planned at intervals of 3–6 months, according to each patient’s hospital 

visit and blood sampling schedule. Blood samples were collected in EDTA blood collection 

tubes. The samples were processed within one hour of collection. Plasma was obtained by 

double centrifugation at 1600 ×g for 10 minutes at 4 ℃ and 3000 ×g for 10 minutes at 4 ℃. 

The plasma was stored at -80 ℃ prior to cfDNA extraction. 

 

3.3 Cell-free DNA extraction 

cfDNA was extracted from 2 mL of plasma. For tumors, DNA was extracted from the 

microdissected specimens. The extraction was performed using the QIAamp Circulating 

Nucleic Acid Kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol. 

 

3.4 Detection of ctDNA 

ESR1 mutations were defined as seven hotspot mutations (D538G, Y537C, Y537S, Y537N, 

L536R, S463P, and E380Q) among missense mutations in the ligand-binding domain (Codon 

310-547). ESR1 hotspot mutations in the ligand-binding domain were detected in cfDNA by 

ddPCR using an ESR1 mutations detection kit (Genopeaks Co., Ltd., Seoul, Republic of 

Korea). PIK3CA mutations were defined as 11 mutations (C420R, E542K, E545A, E545D 

[1635G>T only], E545G, E545K, Q546E, Q546R, H1047L, H1047R, and H1047Y), and 

their efficacy against PI3K inhibitors was verified in the SOLAR-1 trial (NCT02437318) 

(27). PIK3CA mutations were evaluated in the initial tumor tissue and blood samples at the 

time of diagnosis of metastasis. PIK3CA hotspot mutations were detected using amplicon-

based targeted NGS in both FFPE tumor samples and paired cfDNA samples. 
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Targeted NGS is designed to detect variants at a frequency of 0.5%, whereas the ddPCR 

method is optimized for an average limit of detection (LOD) ranging from 0.05% (1.53 

copies) to 0.1% (3 copies). We attempted to detect ESR1 mutations, even in the early stages, 

using the ddPCR method, which has a higher sensitivity than targeted NGS. PIK3CA 

mutations are close to each other, as the location of the mutation to be targeted is determined 

by mutation by 1 base difference. These PIK3CA mutations can appear in the form of dual or 

multiple PIK3CA mutations, making it difficult to design primers or probes, so we detected 

them using the sequencing method. 

 

3.5 Droplet digital PCR 

ddPCR was performed on cfDNA obtained from the plasma for ESR1 mutation detection. To 

determine the LOD of ddPCR, the following method was established: ESR1 mutant plasmid 

DNA samples were serially diluted to concentrations of 0.5%, 0.3%, 0.1%, 0.05%, and 

0.01% with ESR1 wild-type plasmid DNA, and each concentration was subjected to three 

replicates of ddPCR testing. It was confirmed that up to 0.01% (three copies) of mutant 

plasmid DNA could be detected. Typically, the input DNA amount was 30 ng; however, in 

cases where the results were ambiguous, the input DNA amount was increased threefold for 

re-examination to ensure accurate final results. Due to insufficient sample from one patient, 

three ddPCR results that required re-examination could not be performed and were excluded 

from this analysis. Samples that were difficult to interpret clinically and unmatched by the 

clinical course of the patient were also confirmed through a re-examination process. 
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3.6 Amplicon-based targeted NGS 

To perform amplicon-based targeted NGS using the Illumina platform, we amplified the 

mutation regions of PIK3CA using the PIK3CA Mutation PCR Kit (Genopeaks Co., Ltd., 

Seoul, Republic of Korea). PCR products were purified using AMPure XP beads (Beckman 

Coulter Inc., Brea, CA, USA) and quantified using a Qubit 4 fluorometer (Thermo Fisher 

Scientific, Invitrogen, Waltham, MA, USA). Libraries were prepared using the 

DExV_PIK3CA mutation Test Kit (Genopeaks Co., Ltd., Seoul, Republic of Korea) 

following the manufacturer’s protocol. The adapter-ligated libraries were purified and 

assessed for size using an Agilent 4200 TapeStation (Agilent Technologies, Santa Clara, 

California, USA), quantified by quantitative PCR, and normalized to a concentration of 4 

nM. Pooled libraries were sequenced on an Illumina NextSeq 550Dx sequencer (Illumina, 

San Diego, CA, USA) using the NextSeq 550Dx High Output Reagent Kit v2.5 (300 cycles) 

to generate 2–150 bp paired-end reads. Raw data processing involved quality control, 

alignment to the reference genome, and variant calling using appropriate bioinformatics 

tools. The identified variants were subsequently annotated and cross-referenced with public 

databases to determine their clinical significance. The diagnostic cutoff values for each 

PIK3CA mutation type were set differently. This is because differences in reactivity may 

occur depending on the specific melting temperature value and GC% of the target site, which 

may cause the experimental reaction sensitivity to vary for each site, resulting in differences 

in the sequencing coverage and characteristics of each target. The cutoff value for the C420R 

mutation was set at 1, for H1047L, H1047R, and H1047Y at 0.94, and for E542K, E545K, 

E545A, E545G, E545D, Q546E, and Q546R at 0.88. 
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3.7 Statistical analysis 

PFS was defined as the interval from the start of palliative first-line ETx to the time of disease 

progression or death from any cause. Disease-free survival (DFS) was defined as the time until 

any recurrence after curative surgery. ESR1 detection to disease progression time was defined 

as the time between the detection of ESR1 mutation and the point of clinical progression on 

radiographic assessment. PFS and DFS analyses were performed using the Kaplan–Meier 

method and compared using the log-rank test. Means were compared using an independent t-

test for normally distributed continuous variables. Clearance of ESR1 mutation was defined as 

a mutation detected at a specific time point but not detected in subsequent samples. All 

reported P values were two-sided, and p < 0.05 was considered statistically significant. 

Swimmer plots were created to present the clinical course of the patient and ESR1 mutation 

detection. All statistical analyses were performed using the IBM SPSS Statistics for Windows, 

version 25.0 (IBM Corp., Armonk, NY, USA) and R, version 4.3.2 (The R Project for 

Statistical Computing, Vienna, Austria).   
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4. Results 

4.1 cfDNA samples 

Serial cfDNA samples were collected from the 25 patients according to their hospital visits 

and blood sampling schedules. A total of 268 samples were analyzed. Most samples were 

collected at 3-month intervals. The mean interval of blood sampling was 3.3 ± 2.9 months. 

Three blood samples were collected from two patients at a sampling interval of more than 7 

months from the previous sampling. One patient was treated at another hospital during the 

course of therapy and returned to our hospital 9 months later. In another patient, a blood sample 

was not collected during a visit where a blood test was not prescribed, and blood was collected 

during the next visit when a blood test was scheduled. 

 

4.2 Characteristics of the patients 

Patient characteristics are summarized in Table 1. The mean age at the initial diagnosis was 

45.2 years. Five (20.0%) patients had de novo distant metastases. Adjuvant ETx was 

administered in patients in stage I–III or those in stage IV who had their metastatic lesions 

disappear after neoadjuvant chemotherapy and subsequently underwent curative surgery. 

Among these patients, 13 (61.9%) received tamoxifen and 5 (23.8%) received tamoxifen with 

ovarian suppression. There were 2 (9.5%) who received AI prior to palliative ETx. 

Chemotherapy was administered to 14 (70.0%) patients. Of the 14 patients who received 

chemotherapy, 9 (45.0%) received neoadjuvant chemotherapy. Most patients (80.0%) 

exhibited secondary endocrine resistance. Among the patients with de novo metastatic breast 

cancer, three were endocrine-sensitive. Premenopausal patients at distant metastasis were 16 

(64.0%). At the time of distant metastasis, 16 patients (64.0%) were premenopausal. Most 

premenopausal patients undergo bilateral salpingo-oophorectomy before starting palliative 

ETx; in this study, only one premenopausal patient underwent bilateral salpingo-

oophorectomy 4 months after starting palliative ETx with ovarian suppression. The proportion 

of patients with bone-only metastasis was 44.0%, and that with visceral metastases was 32%. 
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Table 1. Patients characteristics (n = 25) 

Characteristic n (%) 

Age at diagnosis (years; mean ± SD) 45.2 ± 7.8 

Menopausal status at distant metastasis  

Premenopause 16 (64.0) 

Postmenopause 9 (36.0) 

Distant metastasis  

Recurrent 20 (80.0) 

De novo 5 (20.0) 

Previous treatment  

Adjuvant endocrine therapy   

Tamoxifena 13 (61.9) 

Tamoxifen + ovarian suppression 5 (23.8) 

Aromatase inhibitor 2 (9.5) 

Tamoxifen → Aromatase inhibitor extension 1 (4.8) 

Chemotherapy  

Neoadjuvant 8 (40.0) 

AC 4 cycles → Taxane 4 cycles 7 

  FEC 3 cycles → Taxane 3 cyclesb 1 

Adjuvant 5 (25.0) 

  AC 4 cycles 3 

AC 4 cycles → Taxane 4 cycles 1 

CAF 6 cycles 1 

Neoadjuvant and adjuvant 1 (5.0) 

  Neoadjuvant AC 4 cycles → adjuvant Taxane 4 cycles  

No  6 (30.0) 

Radiotherapy  

Yes 15 (75.0) 
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No 5 (25.0) 

Endocrine resistance status  

Primary endocrine resistance 2 (10.0) 

Secondary endocrine resistance 20 (90.0) 

Sensitivity (de novo metastasis) 3 

Number of metastatic sites  

1 18 (72.0) 

2 5 (20.0) 

≥ 3 2 (8.0) 

Site of distant metastasis  

Non-visceral metastasis 12 (48.0) 

Bone only 11 

Lymph nodes 1 

Visceral metastasis 8 (32.0) 

Liver 3 

Lung 2 

Liver and lung 1 

Pleura 2  

Non-visceral & visceral metastases 5 (20.0) 

Palliative first-line endocrine therapy regimen  

CDK4/6ic + Aromatase inhibitord  18 (72.0) 

CDK4/6ic + Fulvestrant 1 (4.0) 

Aromatase inhibitor ± ovarian suppressione 4 (16.0) 

Fulvestrant 2 (8.0) 

Palliative surgery  

No 22 (88.0) 

Yes 3 (12.0) 

Palliative radiotherapy  

No 16 (64.0) 
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Yes 9 (36.0) 

Data are shown as number (%), not otherwise specified 

Abbreviations: SD, standard deviation; AC, anthracycline and cyclophosphamide; FEC, 

fluorouracil, epirubicin, and cyclophosphamide; CAF, cyclophosphamide, adriamycin and 

fluorouracil; CDK4/6i, inhibitor of cyclin-dependent kinases 4 and 6 

a One patient with de novo metastasis in the lymph node underwent surgery with curative intent 

after neoadjuvant chemotherapy, and tamoxifen was used as adjuvant ETx. 

b Neoshorter study (NCT02001506) 

c Palbociclib was used as a CDK4/6 inhibitor in all cases. 

d In combination with CDK4/6i, letrozole was used as an aromatase inhibitor in all cases. 

e One premenopausal patient initially began treatment with an aromatase inhibitor and 

gonadotropin-releasing hormone agonist. After 4 months of treatment, the patient underwent 

bilateral salpingo-oophorectomy and then used only aromatase inhibitor.  
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4.3 Treatment 

Most patients (72.0%) received CDK4/6i + AI as palliative first-line ETx, followed by AI 

(16.0%), fulvestrant (8.0%), and CDK4/6i + fulvestrant (4.0%) (Table 1). Palliative surgery 

and radiotherapy were performed in three (12.0%) and nine (36.0 %) patients, respectively. 

Two patients underwent both palliative radiotherapy and palliative surgery. The median PFS 

was 43.4 months (range, 3.6–69.3 months).  

The ETx regimen for each patient is shown in Figure 2. Six patients were treated with a single 

endocrine agent as first-line palliative ETx, which is not the current standard regimen. Patients 

AMCM014 was treated with letrozole alone as the first-line ETx. The patient developed distant 

metastasis as a contralateral axillary lymph node. The treatment was discussed at a 

multidisciplinary clinic. Surgical resection was possible; however, the patient was expected to 

respond well to the ETx. Therefore, treatment with ETx was first attempted, and if the response 

was favorable, the possibility of radiation therapy to the residual disease was discussed. The 

patient received letrozole alone and palliative radiotherapy. After 9 months of letrozole therapy, 

the disease progressed. The patient was administered abemaciclib and fulvestrant. Patient 

AMCM018 developed painful bone metastasis as a large mass with destruction of the sternum. 

This case was discussed at a multidisciplinary clinic. The patient was advised to start letrozole, 

a gonadotropin-releasing hormone agonist, and to receive palliative radiotherapy. Patient 

AMCM027 received only anastrozole as first-line ETx. The medical records at the time of 

distant metastasis did not specify why a single agent was used. However, this patient refused 

CDK4/6i even after disease progression; therefore, fulvestrant alone was used as a third-line 

ETx. Patient DNAM011 had bone metastases with a low tumor burden, and the use of 

fulvestrant alone as first-line ETx was discussed in a multidisciplinary clinic. Patient 

DNAM039 had a single bone lesion and underwent salvage stereotactic body radiation therapy 

to that area. Subsequently, the use of fulvestrant only or fulvestrant + CDK4/6i was discussed 

with the physician and the patient, and the patient decided to receive fulvestrant only. Patient 

AMCM007 initially presented with bilateral breast cancer with skin involvement and bone 

metastasis. The surgeon decided to administer palliative anastrozole. After 3 months of 
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treatment, the bone lesion was in a stable disease state on radiological examination, and the 

skin lesion improved on physical examination. Therefore, the patient decided to continue 

treatment, with follow-up imaging to determine whether surgery was needed. 

Five patients were enrolled in clinical trials for the second and subsequent lines of ETx. Patient 

DNAM014 was treated with atezolizumab + ipatasertib + fulvestrant as second-line ETx. The 

last four patients were enrolled in clinical trials involving oral SERD. Patients DNAM024 and 

DNAM051 were treated with giredestrant + ipatasertib and imlunestrant as second-line ETx, 

respectively. Patient DNAM033 was treated with borestrant as a third-line ETx, and patient 

DNAM043 started using imlunestrant as a second-line ETx on the last follow-up date. None 

of the patients in this study were administered PI3K inhibitors. 

 

Figure 2. Swimmer plot presenting ESR1 mutation status and clinical information of 

individual patients after palliative first-line endocrine therapy. 

PD, disease progression; CDK4/6i, inhibitor of cyclin-dependent kinases 4 and 6. 

Patients who received palliative radiotherapy before palliative first-line endocrine therapy 

were indicated at the start of palliative endocrine therapy. 
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4.4 ESR1 mutation 

Longitudinal analyses of ctDNAs in the plasma of each patient were performed. The median 

follow-up period from first-line ETx was 44.6 months (range, 32.5–69.3 months). Among the 

25 patients, bESR1 mutations were detected in 16 (64.0%) at any time point during first-line 

ETx. Among them, there were 3 (18.8%) patients whose ESR1 mutations were continuously 

detected until the last cfDNA examination. Overall, there were 53 samples in which ESR1 

mutations were detected. The most common mutation was D538G (17/53), followed by S643P 

(14/53), Y537C (12/53), Y537N (6/53), Y537S (2/53), and E380Q (2/53). Multiple mutations 

were detected in 11 (68.8%) patients. The ddPCR results and plots for patients with ESR1 

mutations are presented in Figures 3–35. 

 

 

Figure 3. ESR1 D538G mutation droplet digital polymerase chain reaction result and plot for 

the DNAM043 patients. 

DW, distilled water; synPWT, synthetic wild-type plasmid. 
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Figure 4. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot for 

the DNAM009 patients. 

DW, distilled water. 
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Figure 5. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot for 

the DNAM011 patient. 

DW: distilled water; synPWT: synthetic wild-type plasmid. 
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Figure 6. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot for 

the DNAM014 patient. 

DW, distilled water. 
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Figure 7. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot for 

the DNAM017 patient. 

DW, distilled water. 
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Figure 8. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot for 

the DNAM024 patient. 

DW, distilled water. 
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Figure 9. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot for 

the M0005 patient. 

DW, distilled water. 

  



24 

 

 

 

Figure 10. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot 

for the M0008 patient. 

DW, distilled water. 
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Figure 11. ESR1 D538G mutation droplet digital polymerase chain reaction results and plot 

for the AMCM007 patient. 

DW, distilled water. 
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Figure 12. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the AMCM031 patient. 

DW, distilled water.  
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Figure 13. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the DNAM043 patient. 

DW, distilled water. 
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Figure 14. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the DNAM009 patients. 

DW, distilled water. 
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Figure 15. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the DNAM011 patient. 

DW, distilled water. 
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Figure 16. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

DNAM014 patient. 

DW, distilled water. 
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Figure 17. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the DNAM017 patient. 

DW, distilled water. 
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Figure 18. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the DNAM024 patient. 

DW, distilled water. 
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Figure 19. ESR1 S643P mutation droplet digital polymerase chain reaction results and plot for 

the DNAM027 patient. 

DW, distilled water. 
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Figure 20. ESR1 Y537N mutation droplet digital polymerase chain reaction results and plot 

for the AMCM037 patients. 

DW, distilled water. 

 

 

 

Figure 21. ESR1 Y537N mutation droplet digital polymerase chain reaction results and plot 

for the DNAM043 patients. 

DW, distilled water. 
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Figure 22. ESR1 Y537N mutation droplet digital polymerase chain reaction results and plot 

for the DNAM002 patient. 

DW, distilled water. 

 

 

 

Figure 23. ESR1 Y537N mutation droplet digital polymerase chain reaction results and plot 

for the DNAM011 patient. 

DW, distilled water. 
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Figure 24. ESR1 Y537N mutation droplet digital polymerase chain reaction results and plot 

for the DNAM014 patient. 

DW, distilled water. 

 

 

 

Figure 25. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the DNAM033 patients. 

DW, distilled water. 
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Figure 26. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the AMCM031 patients. 

DW, distilled water. 
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Figure 27. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the AMCM037 patients. 

DW, distilled water. 
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Figure 28. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the DANM043 patient. 

DW, distilled water. 
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Figure 29. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the DNAM009 patients. 

DW, distilled water. 
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Figure 30. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the DNAM014 patient. 

DW, distilled water. 

 

 

 

Figure 31. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the DNAM038 patient. 

DW, distilled water. 
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Figure 32. ESR1 Y537C mutation droplet digital polymerase chain reaction results and plot 

for the M0005 patient. 

DW, distilled water. 

 

 

 

Figure 33. ESR1 Y537S mutation droplet digital polymerase chain reaction results and plot 

for the AMCM027 patient. 

DW, distilled water. 



43 

 

 

Figure 34. ESR1 Y537S mutation droplet digital polymerase chain reaction results and plot 

for the DNAM027 patient. 

DW, distilled water. 

 

 

 

Figure 35. ESR1 E380Q mutation droplet digital polymerase chain reaction results and plot 

for the DNAM033 patient. 

DW, distilled water. 
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The clinical course of patients after palliative ETx and ESR1 mutation detection are shown in 

Figure 2. Among the patients that were bESR1-positive, eight (50%) showed clinical 

progression, of which bESR1 was detected in four prior to clinical progression. The ESR1 

detection to disease progression times in the DNAM043 patients were 552 and 224 days, while 

that in the DNAM033 patients were 343 and 119 days. Furthermore, the ESR1 detection to 

disease progression time of the DNAM002 patient was 553 days, while that in the AMCM027 

was 14 days. In the remaining 4 patients (M005, DNAM024, DNAM014, and DNAM011), 

mutations were detected simultaneously or after clinical progression. Remarkably, in all 

patients responding to AI therapy, the bESR1 mutation was never detected, or if initially 

detected, subsequently converted to negative. There were three patients with stable disease in 

whom the bESR1 mutation was never detected.  

The clinical course of patients after initiation of ETx and ESR1 mutation status are depicted in 

Figure 36. A total of 19 patients received adjuvant ETx with a regimen including tamoxifen. 

Most of these patients (18/19) subsequently underwent AI-based palliative treatment. Among 

them, disease progression was observed in 11 patients. bESR1 mutations were detected in 7 of 

the patients in whom the disease progressed. In these patients, bESR1 mutation was first 

detected at 6.0 to 35.1 months after the commencement of palliative AI therapy. Of the two 

patients who received adjuvant ETx with AI, one (DNAM011) exhibited a bESR1 mutation 

identified 48 months after adjuvant treatment initiation. This patient maintained stable disease 

for 4 months on palliative fulvestrant before experiencing disease progression. 
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Figure 36. Swimmer plot showing the ESR1 mutation status and clinical information of 

individual patients after initiation of endocrine therapy. 

PD, disease progression; OFS, ovarian function suppression; CDK4/6i, cyclin-dependent 

kinases 4/6 inhibitor.  

Patients who received palliative radiotherapy before palliative first-line endocrine therapy 

were indicated at the start of palliative endocrine therapy. 
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There were no significant differences in the PFS between patients with bESR1 mutation and 

those without it (p = 0.323; Figure 37). Moreover, a total of three (18.8%) patients with bESR1 

mutation were detected within 6 months after first-line ETx. They all had distant recurrence 

with bone-only metastasis; two were treated with CDK4/6i + letrozole, and one was treated 

with fulvestrant as a palliative first-line ETx. Patients with bESR1 mutation within 6 months 

had a shorter PFS compared to those with bESR1 mutation detected after 6 months, although 

not statistically significant (p = 0.120; median PFS, 5.5 vs. 53.6 months; Figure 38A). Patients 

with clearance of the bESR1 mutation in subsequent cfDNA analyses (81.3%, 13/16) were 

shown to have a longer PFS than in those where it was detected continuously (p = 0.863; 

median, PFS 53.6 vs. 42.4 months; Figure 38B). Polyclonality of the bESR1 mutation was not 

significantly associated with PFS (p = 0.393; Figure 38C). 

 

 

Figure 37. Kaplan–Meier curves of progression-free survival according to ESR1 mutation 

status. 
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Figure 38A. Kaplan-Meier curves of progression-free survival according to ESR1 mutation 

detection time. 
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Figure 38B. Kaplan-Meier curves of progression-free survival according to ESR1 clearance. 
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Figure 38C. Kaplan-Meier curves of progression-free survival according to polyclonality of 

ESR1 mutations. 
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Among the 14 patients with clinical progression, eight had bESR1 mutations. There were no 

significant differences in PFS between ESR1-mutated and ESR1-wild-type patients (p = 0.457; 

Figure 39). The median PFS was 15.1 months (range, 10.2–34.8 months) for patients with 

bESR1 mutation and 9.3 months (range, 2.9–28.9 months) for those without the mutation. 

Among the patients with disease progression, four died. 

 

 

Figure 39. Kaplan–Meier curves of progression-free survival for patients with disease 

progression according to ESR1 status. 
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4.5 PIK3CA mutation 

The PIK3CA mutation analysis was performed in 22 patients using the cfDNA. PIK3CA 

mutations were detected in 68.2% (15/22) of the cfDNA samples at the time of diagnosis of 

distant metastasis. In primary tumor tissues, PIK3CA mutation analysis was performed for 20 

patients, of which the mutation was detected in 90.0% (18/20). Using the metastatic tumor 

tissue, PIK3CA mutation analysis was performed on seven patients, among whom the mutation 

was detected in 57.1% (3/7). The PIK3CA mutation results for each patient and sample, with 

variant allele frequencies (VAF), are shown in Figure 40. Most PIK3CA mutations detected in 

the primary tumor tissue showed low VAF values when detected in the plasma. Heterogeneity 

was observed between the mutational types for each sample. In four patients, PIK3CA 

mutations were detected in the primary tumor tissue but not in cfDNA (AMCM037, 

AMCM031, DNAM009, and DNAM017). When the PIK3CA mutation was detected in 

primary tumor tissue but not in plasma, the interval between tissue sampling tended to be 

longer (64.0 months vs. 79.2 months, p = 0.230). The intervals for tissue and plasma sampling 

of these patients were 193.7, 67.7, 24.1, and 31.2 months, respectively. The VAF values in the 

primary tumor tissues of these discordant patients ranged from 0.98 to 14.91 for AMCM037, 

1.14 to 3.01 for AMCM031, 3.48 for DNAM009, and 1.11 to 1.17 for DNAM017. In contrast, 

PIK3CA mutations were detected in the cfDNA but not in the primary tumor tissue in just one 

patient (DNAM051). The interval between tissue and plasma sampling for this patient was 

10.3 months. The most frequent PIK3CA mutations were H1047R (25.4%), E545K (19.5%), 

H1047Y (12.7%), E542K (12.7%), and H1047L (10.2%). 
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Figure 40. PIK3CA mutation status. 
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Patients with a blood PIK3CA mutation at the time of diagnosis of metastasis presented with 

a significantly shorter PFS (p = 0.024) than those without mutations (Figure 41A). The 

presence of PIK3CA mutations in the primary tumor tissue was not significantly associated 

with PFS (p = 0.428; Figure 41B) or DFS (p = 0.716; Figure 41C). Patients with PIK3CA 

mutations in metastatic tumor tissue had a shorter PFS compared to those without, although 

the difference was not statistically significant (p = 0.093; Figure 41D). 

 

 

Figure 41A. Kaplan–Meier curves of progression-free survival according to PIK3CA 

mutations in plasma. 
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Figure 41B. Kaplan–Meier curves of progression-free survival according to PIK3CA 

mutations in primary tumor tissue. 
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Figure 41C. Kaplan–Meier curves of disease-free survival according to PIK3CA mutations in 

primary tumor tissue. 
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Figure 41D. Kaplan–Meier curves of progression-free survival according to PIK3CA 

mutations in metastatic tumor tissue. 
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4.6 ESR1 and PIK3CA mutations 

In patients with PIK3CA mutations in the plasma, 53.3% (8/15) also had bESR1 mutations. 

Patients with both bESR1 and PIK3CA mutations showed shorter PFS with marginal 

significance (p = 0.057; Figure 42).  

 

 

Figure 42. Kaplan–Meier curves of progression-free survival according to the co-occurrence 

of ESR1 and PIK3CA mutations in plasma. 
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Representative examples of serial changes in ESR1 mutations with available PIK3A mutations 

result in the cfDNA during the clinical course are shown in Figures 43–46. In patient 

DNAM033, PIK3CA mutations were detected in the plasma at the time of distant metastasis. 

The ESR1 E380Q mutation was detected and eliminated; however, the disease progressed after 

the Y537C mutation gradually increased (Figure 43). Patient DNAM043 did not have PIK3CA 

mutation; however, the ESR1 Y537N mutation copy number increased before disease 

progression (Figure 44).  Patient DNAM014 had PIK3CA mutations, and several types of 

ESR1 mutations were detected at the time of disease progression. However, all ESR1 mutations 

were cleared after second-line treatment. However, the disease progressed after 23 months 

(Figure 45). In patients DNAM027, there were PIK3CA mutations, and ESR1 mutations also 

appeared during ETx but were cleared and remained in a stable disease state (Figure 46). 

 

 

Figure 43. ctDNA trajectories in patient DNAM033. 

CDK4/6i, cyclin-dependent kinases 4/6 inhibitor; PD, disease progression. 



59 

 

 

Figure 44. ctDNA trajectories in patient DNAM043.  

CDK4/6i, cyclin-dependent kinases 4/6 inhibitor; PD, disease progression. 

 

 

Figure 45. ctDNA trajectories in patient DNAM014.  

CDK4/6i, cyclin-dependent kinases 4/6 inhibitor; PD, disease progression. 
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Figure 46. ctDNA trajectories in patient DNAM027. 

CDK4/6i, cyclin-dependent kinases 4/6 inhibitor. 

 

In all patients with primary endocrine resistance (DNAM051 and DNAM039), no ESR1 

mutation was found (Figure 36), but a plasma PIK3CA mutation was detected. Among the 20 

patients with secondary endocrine resistance, ESR1 mutations were detected in 70%, and 

plasma PIK3CA mutations were detected in 60%. Furthermore, ESR1 mutations were detected 

in 2 out of 3 patients with endocrine-sensitive de novo metastasis (M0008, DNAM054, and 

AMCM007; Figure 2), and a plasma PIK3CA mutation was detected in 1 patient. 
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5. Discussion 

In this longitudinal ctDNA analysis of patients with metastatic HR-positive/HER2-negative 

breast cancer during first-line ETx, we reported the prevalence and clinical course of ESR1 

and PIK3CA mutations and analyzed their correlation with PFS. ESR1 and PIK3CA 

mutations were detected in 64.0% and 68.2% of plasma samples, respectively. Half of the 

patients with bESR1 mutations showed clinical progression after palliative first-line ETx. 

The presence of PIK3CA mutations in cfDNA significantly affected the PFS. 

We investigated the serial changes in ESR1 mutations in the cfDNA during palliative 

treatment using individual case reviews. Some patients showed disease progression with a 

gradual increase in ESR1 mutations (Figures 43 and 44). One patient had a cleared mutation 

after treatment, and it can be assumed that the subsequent disease progression was caused by 

other resistance mechanisms (Figure 45). The initial disease progression in this patient was 

estimated to be driven by an ESR1 mutation. However, despite the disappearance of ESR1 

mutation clones following a change in the ETx regimen, progression still occurred. If no 

known hotspot mutations are identified at this stage, it may be necessary to detect other 

newly acquired mutations using different panel testings. Since bESR1 mutations were 

confirmed early in these patients, or at least at the time of clinical progression, monitoring 

responses with serial blood tests could be advantageous, particularly if the mutations targeted 

during ETx for these tumors are clearly identified. Additionally, there was a case responding 

to ETx even though several types of ESR1 mutations were detected intermittently (Figure 

46). These findings confirm that ESR1 mutations change dynamically during treatment and 

can be of various types. In cases where bESR1 mutations were detected but the disease 

remained stable, follow-up samples showed negative conversion. It is currently unclear how 

many negative tests or months of confirmation are to ensure that this does not lead to clinical 

disease progression. In the PADA-1 study, some patients had a rising ESR1 mutation but did 
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not change their ETx regimen and remained progression-free (36). Although their serial 

ESR1 data has not been released yet, it is thought that such a population will probably show 

a similar pattern as our study. Previous studies also reported that ESR1 mutation status 

changes during treatment (38, 39). This suggests that interpretation should be made as a 

comprehensive course for each patient through serial follow-ups rather than by detecting 

ctDNA at a specific time point. 

The prevalence of ESR1 mutations was 64.0% in this study, which was higher than that 

reported in previous studies with various patient and treatment profiles (10, 13, 14, 16, 36). 

This may be because our study included many patients who received AIs (88.0%) for 

metastasis. Schiavon et al. reported that ESR1 mutations were present at a higher rate in 

patients treated with AIs in a metastatic setting and rarely in patients treated with AIs in an 

adjuvant setting (13). Additionally, many patients with bone metastases were included in this 

study. Fifteen (60.0%) patients had bone metastases, 11 patients had bone-only metastases, 

and 4 had bone metastases with other metastatic sites. Fribbens et al. reported that ESR1 

mutations are significantly associated with bone metastasis (16).  

PIK3CA mutations were detected in 68.2% of the patients. The frequency of PIK3CA 

mutations in ctDNA from patients with metastatic breast cancer varies between studies (22-

25) but was found to be slightly higher in our study. A high concordance rate between 

PIK3CA mutations in primary tumor tissues and ctDNA has been reported (24, 25). Most 

(90.0%) patients included in our study with available PIK3CA test data had PIK3CA 

mutations in the primary tumor tissue and, therefore, also in ctDNA at a high prevalence. In 

our study, PIK3CA mutations were found in 90% of the primary tumor tissues, which was 

higher than that reported in previous studies reporting PIK3CA mutations in archived tumor 

tissues (24, 25, 40). Although the prevalence by mutation type showed similar results to 

those of previous studies for other mutation types (41), the proportion of the H1047Y 
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mutation was higher, which is a known rare mutation. Additional studies are planned to 

determine whether the discrepancy in mutation type incidence was due to selection bias in 

the patient group, heterogeneous treatment profiles, or differences in mutation detection 

assays. 

Regarding the clinical course of patients, 50% of the patients with bESR1 mutations showed 

clinical progression, of which four had bESR1 detected before clinical progression. There 

were also cases where bESR1 was detected simultaneously with clinical progression and 

slightly later, suggesting the necessity for closer intervals for cfDNA analyses. This finding 

also suggests that the detection of mutations in ctDNA may be a potential substitute for 

routine radiological tests. Previous studies have shown the possibility of the early detection 

of ctDNA before disease progression (42-44). However, there were patients whose blood 

samples were collected simultaneously or later than in the radiological study. Owing to the 

nature of the patient cohort included in this study, blood samples were mainly collected 

along with the patients’ radiological or blood test schedules, and there was no time point 

when blood sampling was substituted for radiologic tests. Therefore, it was difficult to 

clearly determine whether mutations were first detected in ctDNA or whether progression in 

radiological study occurred first. Further prospective trials are needed to determine the time 

order between ctDNA detection and clinical progression and to estimate the lead time. 

Meanwhile, six patients progressed, even though bESR1 mutations were not detected in the 

ctDNA (Figure 2). Although a significant proportion of cases with endocrine resistance are 

associated with ESR1 mutations, other resistance mechanisms that are mutually exclusive to 

ESR1 have also been identified (45). It can be assumed that other resistance mechanisms 

may have contributed to the disease progression in these patients. 

Early and sustained detection of mutations in ctDNA tended to result in shorter PFS, 

although this was not statistically significant. Polyclonality of the bESR1 mutation was not 
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associated with PFS, which is consistent with previous studies (16, 39). In our study, the 

bESR1 mutation was not significantly associated with PFS. However, ESR1 mutations are 

considered to be associated with poor PFS (46, 47). Because the number of patients tested 

was small, it was difficult to confirm the impact of bESR1 mutations on PFS. Further studies 

are needed to confirm the impact of bESR1 mutation on PFS through prospective studies 

with large numbers of patients. We performed a retrospective analysis of a prospectively 

collected sample, and no intervention was performed on the patient when a bESR1 mutation 

was detected in the ctDNA. In the PADA-1 trial, there was a PFS benefit for the early switch 

of ETx before clinical relapse through serial ctDNA monitoring of rising bESR1 mutations 

(36). This finding suggests the need for serial monitoring of ctDNA during ETx and early 

intervention.  

ESR1 mutation is an acquired mutation after ETx as a result of therapeutic pressure. Most 

clinical trials on ETx enrolled patients who received first-line treatment for at least six 

months; therefore, ESR1 mutation testing was also performed six months after first-line ETx. 

(19, 48). However, our study examined blood samples collected within 6 months of starting 

palliative ETx and revealed that patients who developed ESR1 mutations within 6 months of 

palliative ETx tended to have a shorter PFS. These results highlight the need for early ctDNA 

monitoring, which should be considered in future clinical trials. 

In this study, among patients with disease progression, patients with bESR1 mutations 

exhibited numerically longer PFS than those without the mutation (15.1 months vs. 9.3 

months, p = 0.457). Razavi et al. identified mitogen-activated protein kinase mutations that 

were mutually exclusive of ESR1 mutations associated with a shorter response duration to 

subsequent ETx (45). Previous studies have also identified multiple genomic alterations that 

are associated with poor outcome in HR-positive/HER2-negative metastatic breast cancer 

(49, 50). This result suggests that there may be limitations to treatments based on ESR1 
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mutation status alone because other driver mutations may have a more negative impact on 

therapeutic resistance. Future research should be conducted to reveal the relationship 

between ESR1 and other mutations and their impact on treatment outcomes. 

The SOLAR-1 trial demonstrated PFS benefit for those treated with alpelisib, an oral PI3K-

α-specific inhibitor, with fulvestrant among patients with PIK3CA-mutated/HR-

positive/HER2-negative advanced breast cancer who had previously received ETx (27). 

Therefore, this mutation should be identified, and targeted therapy should be considered for 

metastatic HR-positive/HER2-negative breast cancer. In the SOLAR-1 trial, PIK3CA status 

was evaluated in a tumor tissue sample, preferably in the sample obtained during the most 

recent progression (27). In our study, the detection of blood PIK3CA mutations at the time of 

metastasis diagnosis was associated with significantly shorter PFS, but the primary tumor 

tissue was not. The reason why the primary tumor tissue was found to be unrelated to the 

PFS outcome may be that very few patients included in the study did not have a PIK3CA 

mutation. The co-occurrence of bESR1 and blood PIK3CA mutations was also associated 

with shorter PFS. These findings suggest that identifying PIK3CA mutations using cfDNA 

could also benefit from targeted treatments.  

The use of cfDNA testing in patients with cancer has been highlighted as the sensitivity and 

accuracy of the technology improve for detecting rare mutant variants (51). Using ddPCR 

and an amplicon-based targeted NGS method, we detected ESR1 and PIK3CA mutations at 

rates comparable to those reported in previous studies. ddPCR enables the detection of a 

0.001% mutant fraction (52). Amplicon-based targeted NGS can amplify and sequence large 

genomic regions from a single ctDNA copy (53). In the present study, we confirmed that 

these methods are reliable for the detection of mutations. cfDNA is a minimally invasive 

assay for detecting ESR1 and PIK3CA mutations. Optimization of these tests will lead to 

personalized and precision medicine. 
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This study had several limitations. First, this study involves a small number of patients, 

limiting its statistical relevance. Nevertheless, we found that patients with PIK3CA mutations 

presented significantly worse PFS and found a trend toward worse PFS with early detection 

of bESR1, clearance of bESR1, and the co-occurrence of ESR1 and PIK3CA mutations. 

These findings highlight the need for identifying these mutations during ETx. Second, this 

study was a retrospective analysis of prospectively collected samples and was not 

randomized. Therefore, there may have been selection bias. However, in this study, we aimed 

to show the clinical results in a real-world setting. Finally, only ESR1 and PIK3CA mutations 

were identified. However, as other resistance mechanisms may have contributed to disease 

progression, there are limitations in interpreting the clinical course of each patient based 

solely on these results. 

Our study had the strength of sequentially following each patient with samples from multiple 

time points during palliative treatment. Previous studies that examined bESR1 mutations in 

metastatic breast cancer samples at limited time points were limited in showing ESR1 

mutation dynamics during the treatment period. (38, 54). Our results will help us understand 

the development of resistance and disease progression during ETx in clinical practice. In 

addition, in the real world, there are cases where CDK4/6i cannot be used and disparities in 

its use exist (55). Our study included patients who had not been treated with the current 

standard ETx for various reasons, showing the actual mutation results of patients who 

received various ETx. 

In conclusion, a substantial number of patients with HR-positive/HER2-negative metastatic 

breast cancer were found to harbor ESR1 or PIK3CA mutations in serial plasma samples. 

Early detection of bESR1 within 6 months of palliative ETx and sustained bESR1 during 

palliative ETx were associated with a trend toward shorter PFS. The co-occurrence of bESR1 

and blood PIK3CA mutations was associated with a shorter PFS with marginal significance. 
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PIK3CA mutations in cfDNA are prognostic factors, suggesting the benefit of combined 

targeted therapies for these mutations. 
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국문요약 

 

배경: ESR1 및 PIK3CA 유전자의 활성화 돌연변이는 내분비 저항성의 기전으로 

알려져 있다. 최근 연구들은 임상적으로 질병이 진행되기 전, 혈액 내 ESR1 

돌연변이(bESR1)가 존재할 때 조기 개입의 이점을 보여주었다. 이 연구에서는 

호르몬 수용체 양성, 인간 상피 성장 인자 수용체 2 음성 전이성 유방암 환자의 

세포유리 DNA에서 ESR1 및 PIK3CA 돌연변이의 검출과 변화, 그리고 이 

돌연변이들이 무진행 생존 기간에 미치는 영향을 조사하고자 하였다. 

방법: 1차 완화적 내분비 요법을 받고 있는 25명의 환자가 전향적 코호트에서 

확인되었다. 리간드 결합 도메인의 7개 ESR1 호발 부위 돌연변이를 미세방울 

디지털 중합효소연쇄반응 분석을 사용하여 세포유리 DNA에서 검사했다. 11개의 

PIK3CA 호발부위 돌연변이는 종양과 세포유리 DNA 모두에서 앰플리콘 기반 표적 

차세대 시퀀싱 방법을 사용하여 검사했다. 무진행 생존 기간 분석은 카플란-

마이어 생존 분석 방법을 사용하여 수행되었으며 로그 순위법으로 비교되었다. 

결과: 본 연구에서는 25명의 환자로부터 약 3~6개월마다 수집된 일련의 

세포유리 DNA 샘플 268개를 분석했다. bESR1은 완화적 내분비 요법 동안 

64.0%(16/25)의 환자에서 발견되었으며, D538G가 가장 흔한 돌연변이였고 

68.8%는 다클론성이었다. bESR1이 검출된 환자 중 임상적으로 질병 진행이 있는 

경우는 50.0%였는데, 이 중 4명은 임상적 질병 진행 전에 bESR1이 검출되었고, 

4명은 질병 진행과 동시에 또는 이후에 검출되었다. bESR1은 전체 무진행 

생존기간에 영향을 미치지 않았지만, 1차 내분비 치료 후 6개월 이내에 

bESR1이 검출된 환자 (18.8%)는 더 나쁜 생존 결과를 보였다 (무진행 생존 기간 

중앙값 5.5 대 53.6개월). 또한 후속 세포유리 DNA에서 bESR1이 소실된 

환자(81.3%)는 더 나은 결과를 보이는 것으로 나타났다 (무진행 생존 기간 
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중앙값 53.6개월 대 42.4개월). 세포유리 DNA에서 PIK3CA 돌연변이는 원격 

전이 진단 시 68.2%(15/22)의 환자에서 발견되었으며, 그 중 53.3%(8/15)의 

환자에서 bESR1이 발견되었다. 원발 종양 조직에서 PIK3CA 돌연변이의 존재는 

무병 생존 기간이나 무진행 생존 기간에 영향을 미치지 않았지만, 혈액 PIK3CA 

돌연변이가 있는 환자는 무진행 생존 기간이 유의하게 더 나빴다 (p = 0.024). 

결론: 이 연구에서는 상당한 수의 ESR1 및 PIK3CA 돌연변이가 일련의 혈장에서 

검출되었다. 통계적 유의성을 정확하게 평가하기에는 한계가 있는 소규모 

분석이었지만, 완화적 내분비 치료 시작 6개월 이내 bESR1이 조기 검출된 

경우와 지속 검출된 환자의 경우 더 나쁜 결과를 보였다. 세포유리 DNA에서 

PIK3CA 돌연변이는 표적 치료의 이점을 시사하는 예후 인자였다. 
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