
Table 2. Treatment characteristics

Characteristic Flatiron cohort
(n=226)

Prior adjuvant AI 65 (28.8)

AI+CDK4/6i, n (%)

<6 months 32 (14.2)

≥6 months 194 (85.8)

≥12 months 163 (72.1)

≥18 months 133 (58.8)

Treatment-free interval, n (%)

<12 months 36 (15.9)

≥12 months 65 (28.8)

No prior 125 (55.3)

Time from ESR1m detection 
to second-line therapy, n (%)

0–28 days 96 (42.5)

29+ days 130 (57.5)

Second-line therapy, n (%)

ET+CDK4/6i 73 (32.3)

Elacestrant monotherapy 51 (22.6)

ET+PI3Ki/AKTi/mTORi 43 (19.0)

Chemotherapy/ADC 27 (11.9)

Fulvestrant 25 (11.1)

Other* 7 (3.1)

*Other treatments included olaparib (n=5), abemaciclib (n=1), and talazoparib (n=1).

Objective
• To characterize real-world second-line treatment use and clinical outcomes 

(rwPFS and rwOS) in patients with mBC with a positive ESR1m test after � rst-line 
treatment with AI+CDK4/6i using data from electronic health databases 

Conclusions
• In patients with ESR1m HR-positive mBC, the most common real-world 

second-line treatments were ET+CDK4/6i, elacestrant monotherapy, and 
ET+PI3Ki/AKTi/mTORi

• ESR1m de� nes a dif� cult-to-treat subgroup, with rwPFS outcomes highlighting 
the need for more effective strategies that address resistance to AI+CDK4/6i 
and improve patient outcomes

 – Across treatments, rwPFS estimates were consistent among patients who 
received ≥6 months or ≥12 months of � rst-line AI+CDK4/6i

• Heterogeneity in second-line treatment use and the poor median rwOS support 
the need for novel treatment options in this setting

• Results were broadly consistent across two independent US electronic health 
record databases (Flatiron Health and Tempus)
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Effectiveness: rwPFS and rwOS 
• In a multivariate adjusted model, rwPFS and rwOS estimates in patients with ESR1m that were treated with second-line 

therapies are shown in Figure 3
• median rwPFS remained <6 months across all guideline-recommended second-line treatments for patients with ESR1m 
• Apart from second-line ET+CDK4/6i, the 95% CI for rwPFS and rwOS hazard ratios for the other treatments crossed 1, 

suggesting that real-world outcomes were not largely improved compared with fulvestrant
• A sensitivity analysis of rwPFS and rwOS in patients by duration of fi rst-line AI+CDK4/6i is shown in Table 3
• rwPFS and rwOS were consistent between patients who received ≥6 months or ≥12 months of fi rst-line AI+CDK4/6i
• Outcomes differed in patients who received other treatments by duration of fi rst-line AI+CDK4/6i, but due to the small sample 

sizes (≥6 months, n=6; ≥12 months, n=3), results should be interpreted with caution 

Confi rmatory analysis in the Tempus database
• A total of 135 eligible patients were identifi ed in the Tempus database (Figure S1). Baseline demographics and disease 

characteristics were similar to those of patients in the Flatiron database (Table S1)
• Second-line treatment patterns were broadly similar between the Flatiron Health database and the Tempus database (Table S2), 

although use of ET+CDK4/6i was more common in the Flatiron Health database (32.3% vs 13.3%)
• In patients with ESR1m treated in the Tempus database, median rwPFS was 4.1 (95% CI 3.4–5.4) months (Table S3)
• Median rwPFS varied by treatment, and estimates were comparable to those made from data in the Flatiron Health database
• In patients with ESR1m treated in the Tempus database, median rwOS was 25.2 (95% CI 20.1–36.6) months (Table S3) 
• Trends in median rwOS should be interpreted with caution due to the short follow-up in both datasets and the differences in the 

duration of follow-up (Table 1 and S1)
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world) progression-free survival; SD, standard deviation.
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• ET (most commonly an AI) plus CDK4/6i is the current 
standard-of-care fi rst-line treatment for HR-positive/
HER2-negative mBC1,2

 – Clinical outcomes with subsequent therapies tend to 
worsen following progression on fi rst-line AI+CDK4/6i3,4

• ESR1m lead to constitutive (estrogen-independent) 
activation of estrogen receptor alpha and are rare (<5%) 
at initial diagnosis of mBC

• At disease progression following fi rst-line treatment with 
an AI+CDK4/6i, ESR1m are detectable in the tumors of 
~40% of patients5−7 and are recognized as the most 
common mechanism of acquired resistance to AI 
treatment

• Current guidelines recommend ESR1m testing at the 
time of fi rst-line treatment progression for informing 
optimal and targeted treatment decisions1,2

• This retrospective cohort study used data from two US de-identifi ed electronic 
health record-derived data sets: primary analyses were conducted using data from 
the Flatiron Health database (Figure 1). A confi rmatory analysis was performed 
using data derived from the Tempus database and is presented in the 
supplementary appendix
 – The US Flatiron Health Electronic Data Mart database comprises de-identifi ed, 
structured and unstructured, longitudinal patient-level demographic, clinical, and 
genomic data curated via a technology-enabled abstraction method

 – The Tempus real-world multimodal database encompasses patient 
demographics, treatment histories, and outcomes, as well as molecular data

• Inclusion criteria included a confi rmed diagnosis of HR-positive/HER2-negative 
mBC, fi rst-line treatment with AI+CDK4/6i (initiated before December 31, 2024), a 
positive ESR1m test before initiation of second-line therapy, and a second-line 
therapy regimen adherent to NCCN Breast Cancer Guidelines v4.2025 (Figure 2)

• Patients were followed until June 30, 2025 
• Descriptive statistics were used to summarize demographics, baseline clinical 

characteristics, and treatment patterns

• The primary objectives were to estimate rwPFS and rwOS following treatment with 
second-line therapies 

• rwPFS was defi ned as time from second-line start to disease progression, start of 
third-line therapy, death, or censoring at last known activity; rwOS was defi ned as 
time from second-line start to death or censoring

• The index date comprised the start of second-line therapy
• Multivariable Cox proportional hazards regression was used to adjust for 

prespecifi ed confounders, including age at second-line start, ECOG PS, metastatic 
site, and fi rst-line treatment duration

• Hazard ratios of rwPFS and rwOS for each second-line therapy regimen were 
calculated relative to fulvestrant, which was chosen as the reference due to it being 
the historical standard of care in this setting

• 12-month survival rates were included, given the potential for short follow-up times 
to affect estimation of median real-world outcomes

• Sensitivity analyses were conducted by duration of fi rst-line AI+CDK4/6i

Introduction Methods

Results

rwPFS was de� ned as time from second-line start to disease progression, start of third-line therapy, death, or censoring; rwOS was de� ned as time from second-line start to death or censoring.

Figure 2. Flow chart diagrams of patients included in the Flatiron Health analysis

Baseline characteristics
• A total of 226 eligible patients were identifi ed in the Flatiron Health database (Figure 2)
• The median age at diagnosis was 63 years (range: 57.0–71.0), most patients were White (74.1%) with ECOG PS ≤1 (71.2%). 

Liver metastases were common (51.8%), and 25.2% of patients had bone-only metastasis (Table 1)

Second-line treatment patterns
• Second-line treatments included ET+CDK4/6i, elacestrant monotherapy, ET+PI3Ki/AKTi/mTORi, chemotherapy/ADC, fulvestrant 

monotherapy, or other (Table 2)

Figure 1. Study design

Key inclusion criteria

• ≥18 years of age

• HR-positive/HER2-negative mBC 

• Received first-line treatment with AI+CDK4/6i

• Positive ESR1m test on or before initiation of second-line therapy

• Initiation of second-line therapy regimen adherent to NCCN 
Breast Cancer Guidelines Version 4.2025

• No treatment with first-line fulvestrant

Primary analytic cohort: 
US Flatiron Health electronic health records

Confirmatory cohort: 
US Tempus electronic health records

Endpoints

• rwPFS

• rwOS

mBC diagnosis

Index date
(start of second-line

therapy)

Initiation of first-line treatment 
before December 31, 2024 Follow-up

Treatment patterns and clinical outcomes

Study end
June 30, 2025

Patients with mBC (n=42,636)

Patients ≥18 years of age (n=42,458)

Patients with a metastatic diagnosis on or after February 3, 2015 (n=31,664)

Receiving first-line treatment (n=27,535)

Confirmed HR-positive/HER2-negative tumors (n=18,945)

First-line started >6 months prior to data release (n=18,481)

First-line treatment with CDK4/6i (n=9,331)

First-line treatment with AI+CDK4/6i (n=6,471)

Initiation of second-line therapy included in current NCCN guideline (n=3,168)

Patients without prior fulvestrant use and not enrolled in a clinical trial (n=2,834)

ESR1m results anytime on or before second-line initiation (n=995)

Patients with a positive ESR1m result (n=226)

Table 1. Baseline characteristics

Characteristic Flatiron cohort
(n=226)

Median (IQR) age at diagnosis, years 63.0 (57.0–71.0)

Race, n (%)

White 152 (74.1)

Black or African American 32 (15.6)

Asian 5 (2.4)

Other 16 (7.8)

ECOG PS at start of second-line, 
n (%)

0 85 (37.6)

1 76 (33.6)

2 22 (9.7)

3 6 (2.7)

4 –

Missing 37 (16.4)

Metastases, n (%)

Bone 197 (87.2)

Liver 117 (51.8)

Lung 74 (32.7)

Pleural 45 (19.9)

Brain 26 (11.5)

Bone-only 57 (25.2)

Median (IQR) follow-up, months 12.6 (6.1–20.4)

Table 3. Real-world PFS in patients with ESR1m treated with second-line therapies in the 
Flatiron Health database by treatment and duration of fi rst-line therapy

Duration of 
fi rst-line 
AI+CDK4/6i n=

rwPFS
median 

(95% CI),
months

12-month
PFS rate

(95% CI), %

rwOS 
median 

(95% CI),
months

12-month 
OS rate 

(95% CI), %

≥6 months

All patients 194 4.6 (3.7–5.6) 20.9 (15.4–28.4) 23.5 (17.8–30.9) 72.2 (65.6–79.6)

Fulvestrant 21 2.8 (1.6–NE) NA (NE–NE) 19.1 (11.8–NE) 63.9 (42.5–96.3)

Chemotherapy/ADC 24 3.5 (2.8–7.6) 14.5 (5.2–40.9) 17.6 (13.8–NE) 68.4 (51.5–91.0)

ET+CDK4/6i 52 4.6 (2.7–5.9) 21.0 (12.2–36.4) 39.1 (19.8–NE) 72.3 (60.4–86.4)

ET+PI3Ki/AKTi/mTORi 42 5.4 (4.0–10.2) 27.0 (15.4–47.4) 26.7 (15.1–NE) 80.0 (67.7–94.6)

Elacestrant monotherapy 49 5.7 (4.5–7.5) 25.2 (14.3–44.3) 17.8 (16.2–NE) 73.8 (61.0–89.3)

Other* 6 4.3 (2.07–NE) 25.0 (5.0–100) 19.2 (3.5–NE) 50.0 (22.5–100.0)

≥12 months

All patients 163 5.3 (4.4–5.9) 23.6 (17.2–32.2) 26.7 (23.5–47.1) 78.5 (71.8–85.9)

Fulvestrant 17 3.0 (1.1–NE) NA (NE–NE) 19.3 (12.7–NE) 74.6 (52.8–100.0)

Chemotherapy/ADC 17 5.6 (3.0–NE) 21.2 (7.8–57.1) NA (NE–NE) 80.7 (63.2–100.0)

ET+CDK4/6i 42 4.6 (2.7–6.1) 21.3 (11.6–39.2) 39.1 (24.9–NE) 78.8 (66.7–93.1)

ET+PI3Ki/AKTi/mTORi 37 5.8 (4.2–12.2) 30.0 (17.3–52.2) 26.7 (15.1–NE) 83.7 (71.5–98.0)

Elacestrant monotherapy 47 5.7 (4.5–7.5) 25.7 (14.6–45.3) 17.8 (16.2–NE) 73.1 (60.1–89.0)

Other* 3 31.3 (2.5–NE) 66.7 (30.0–100.0) 31.30 (NE–NE) 100 (100.0–100.0)

Hazard ratios were adjusted for the a priori confounders age, ECOG PS at second-line initiation, duration of � rst-line AI+CDK4/6i, and site of metastasis.
*Other treatments included olaparib, abemaciclib, and talazoparib.

Figure 3. Real-world PFS and OS in patients with ESR1m treated with second-line therapies in the 
Flatiron Health database, by treatment

Median (95% CI), 
months

12-month rate
(95% CI), %

rwPFS All patients (n=226) 4.8 (4.0–5.6) 22.9 (17.5–29.9)

Fulvestrant (n=25) (reference) 3.0 (2.8–6.3) 24.1 (13.6–42.7)

ET+CDK4/6i (n=73) 5.2 (3.6–6.1) 27.9 (18.9–41.3)

Elacestrant monotherapy (n=51) 5.3 (4.4–7.5) 21.4 (4.2–100.0)

ET+PI3Ki/AKTi/mTORi (n=43) 5.7 (4.0–10.2) 29.1 (17.3–49.2)

Chemotherapy/ADC (n=27) 4.8 (2.8–6.7) 13.4 (4.7–37.9)

Other (n=7)* 2.5 (0.9–NE) NA (NE–NE)

rwOS All patients (n=226) 24.9 (18.8–30.9) 72.3 (66.1-79.1)

Fulvestrant (n=25) (reference) 17.4 (11.8–30.9) 63.7 (43.8–92.6)

ET+CDK4/6i (n=73) 39.1 (19.8–NE) 73.2 (63.0–85.1)

Elacestrant monotherapy (n=51) 17.8 (16.2–NE) 72.9 (60.4–88.1)

ET+PI3Ki/AKTi/mTORi (n=43) 26.7 (15.12–NE) 80.6 (68.6–94.7)

Chemotherapy/ADC (n=27) 17.6 (13.8–NE) 71.2 (55.2–91.8)

Other (n=7)* 7.1 (0.9–NE) 42.9 (18.2–100.0)

*Other treatments included olaparib (n=5), abemaciclib (n=1), and talazoparib (n=1).
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