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A B S T R A C T

Purpose: The aim of this study was to evaluate the effectiveness of CDK 4/6 inhibitors (CDK 4–6i) according to
HER2 status (low/zero), and endocrine resistance/sensitivity, as well as the efficacy of second-line treatments, in
a large real-world cohort.
Methods: The GIM14/BIOMETA study (NCT02284581) is a retrospective/prospective study of the Gruppo Ital-
iano Mammella evaluating treatment patterns and survival outcomes in patients with metastatic breast cancer
(MBC). We retrieved data on patients with hormone receptor-positive/HER2-negative MBC receiving first-line
CDK 4/6i.
Results: Among 3832 patients enrolled in the GIM14-BIOMETA study, 701 were eligible. At a median follow-up of
24.80 months, no significant differences were found between HER2-zero and HER2-low subgroups in terms of
first-line time to treatment discontinuation (TTD) (26.16 months [IQR 12.84-NR] vs. 27.60 months [IQR
12.12–64.44], p = 0.972) or overall survival (OS) (mOS>60 months for both groups, p = 0.398). Median TTD
was 33.24 months (IQR 16.32-NR) for the endocrine sensitive subgroup, 19.92 months (IQR 8.88–51.24) for the
secondary endocrine resistant subgroup and 17.40 months (IQR 7.44–24.72) for the primary endocrine resistant
subset, respectively (p < 0.001). Among 239 patients receiving second-line treatment, no significant difference
(p = 0.188) was found in terms of second-line TTD between those treated with capecitabine (6.11 months, IQR
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2.96–11.47), taxane-based chemotherapy (5.06 months, IQR 2.99–9.99), everolimus plus exemestane (5.39
months, IQR 2.53–9.03) or fulvestrant (6.44 months, IQR 3.38-NR).
Conclusions: Endocrine therapy plus CDK 4/6i represents an effective treatment, regardless of HER2 status (low/
zero). Second-line agents did not differ significantly in terms of TTD. Endocrine resistant cancers exhibit poor
response to CDK 4/6i.

1. Introduction

The combination of CDK 4/6 inhibitors (CDK 4/6i) and endocrine
therapy is the standard first-line treatment in patients with hormone
receptor-positive/HER2-negative metastatic breast cancer [1–7]. How-
ever, there are still some concerns about which patients will benefit the
most from this treatment and who will experience early disease pro-
gression. Recent trials, such as the SONIA trial, exploring the efficacy of
CDK 4/6i in both first- and second-line settings [8], and the INAVO120
trial, which evaluated inavolisib in combination with palbociclib and
fulvestrant for PIK3CA-mutated, luminal-like advanced breast cancer
[9], offer insights into treatment escalation and de-escalation strategies.
Hence, there is a need for finding clinical criteria and biomarkers to
tailor the treatment in patients affected by luminal-like metastatic breast
cancer. As of now, HER2-low status seems not to have a proper prog-
nostic value in patients affected by HER2-negative breast cancer, whose
prognosis is mainly driven by hormone receptor status [10]. Some
studies evaluated the prognostic role of HER2-low status in patients
treated with CDK 4/6i in first line with conflicting results [11,12]. The
efficacy of CDK 4/6i could be influenced by the type of endocrine
resistance (primary or secondary) or endocrine sensitivity (with relapse
occurring at least one year after completing adjuvant therapy or in pa-
tients previously untreated for advanced disease). Primary endocrine
resistance is defined as a relapse within the first 2 years of adjuvant
endocrine treatment. Conversely, secondary endocrine resistance occurs
if relapse happens after the first 2 years of adjuvant treatment or within
12 months of completing it [1]. Median overall survival (OS) is signifi-
cantly shorter in case of endocrine resistance, and mostly in the primary
one, when compared with endocrine sensitive breast cancers. Primary
endocrine resistance is also associated with a high probability of
developing visceral metastases [13]. Another significant concern is
selecting the appropriate second-line treatment after progressing on
CDK 4/6i, particularly in those patients who do not harbour any
genomic alteration, since no head-to-head comparisons exist between
the currently available treatment options in this specific population. The
BOLERO-6 trial reported a progression-free survival (PFS) of 8.4 months
for subjects treated with everolimus plus exemestane and 9.6 months for
those in the capecitabine arm, but these patients were not pretreated
with CDK 4/6i. In selected cases, fulvestrant might be a valid second-line
agent [14], while the DESTINY-Breast06 trial results suggest that tras-
tuzumab deruxtecan (T-DXd) could be a new option after CDK 4/6i in
patients with aggressive disease [15].

The aim of this study was to understand, in a real world setting, the
effectiveness of CDK 4/6i plus endocrine treatment according to HER2
status, type of endocrine resistance or sensitivity, and estrogen receptor
expression (ER). Moreover, we evaluated the type of treatment admin-
istered in second line after CDK 4/6i and its effectiveness.

2. Materials and methods

2.1. Study design and patient population

Our analysis was performed within a retrospective/prospective
observational multicentre study of the Gruppo ItalianoMammella (GIM)
Study Group (GIM14/BIOMETA study, ClinicalTrials.gov Identifier:
NCT02284581). This study aimed at evaluating treatment pattern and
survival outcomes of patients affected by metastatic breast cancer. The
prospective cohort includes patients diagnosed with metastatic breast

cancer after the start of the study at each centre (April 2016 for the
coordinating centre) and whose data are collected prospectively, while
the retrospective cohort includes patients diagnosed with metastatic
disease from January 2000 to the start of the GIM14/BIOMETA study.
The reporting of this analysis follows the STROBE statement [16].

For the present analysis, we retrieved retrospective/prospective data
on patients treated with first-line CDK 4/6i plus endocrine therapy be-
tween May 2014 (when CDK 4/6i became available in Italy within
clinical trials) and June 2023 at 26 Italian institutions. Patients were
treated according to clinical practice at each participating institution.
This study was approved by the ethical committee of each participating
institution; written informed consent was required for patients included
in the prospective part of the study, according to Italian regulations.

2.2. Data collection

All the data used for the present analysis were retrieved from the
GIM14/BIOMETA electronic database. For each patient, we collected
information on (neo)adjuvant treatments, distant recurrence, and
treatment history for advanced disease. Tumour response was assessed
locally according to clinical practice at each participating centre. Hor-
mone receptor status, Ki67, and HER2 expression were determined by
the local pathologists on advanced stage biopsy if available and, if not,
on primary tumour samples. If both samples were available, the
advanced stage biopsy was considered for determining tumour charac-
teristics. Hormone receptors and HER2 status were evaluated according
to the American Society of Clinical Oncology/College of American Pa-
thologists guidelines in use at the time of the evaluation [17]. HER2-low
status was defined by a score of 1+ or 2+ with ISH not amplified. Those
tumours with a HER2 score of 0 were defined as HER2-zero. Primary and
secondary endocrine resistance were defined according to the
ESO-ESMO international consensus guidelines for advanced breast
cancer [1]. Particularly, primary endocrine resistance was defined as
relapse during the first 2 years of adjuvant endocrine treatment. Sec-
ondary endocrine resistance is defined as relapse during adjuvant
endocrine treatment but after the first 2 years, or relapse within 12
months of completing adjuvant endocrine treatment. Endocrine sensi-
tivity is characterized by relapse occurring at least one year after
completing adjuvant endocrine therapy or in patients who were previ-
ously untreated for advanced disease [1,13].

2.3. Study objectives

The primary objective was to assess the effectiveness of CDK 4/6i
plus endocrine treatment based on HER2 status and endocrine sensi-
tivity or resistance (primary/secondary) classification. Primary end-
points were time to treatment discontinuation (TTD) and OS. The
secondary objective was to evaluate the effectiveness of different
second-line treatments, with second-line TTD as a secondary endpoint.

2.4. Statistical analysis

TTD was defined as the time between the start of first-line treatment
and the last treatment administration, or death. OS was defined as the
time between the start of first-line treatment and death from any cause.
Median follow-up was defined as the time between the start of the first-
line regimen and the last contact or death, and it was calculated with the
reverse Kaplan-Meier method [18]. Second-line TTD was defined as the
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time between the start of second-line treatment and the last treatment
administration or death. The Kaplan-Meier method was used to estimate
the TTD curves for the prespecified subgroups; the comparison was
performed through the log-rank test. Prespecified subgroups were
identified according to HER2 status, endocrine resistance/sensitivity
classification and ER expression. Hazard ratios (HRs) with 95 % confi-
dence intervals (CIs) were calculated in univariable Cox regression
models. All tests were 2-sided and a P value < 0.05 was considered
statistically significant. Statistical analyses were performed with Stata,
software version 16.1 (StataCorp LLC, College Station, TX, USA).

3. Results

From November 2015 to July 2023, 3832 patients with metastatic
breast cancer were enrolled at 26 institutions within the GIM14-
BIOMETA study. For the present analysis, 701 patients were consid-
ered eligible (Figure 1), of whom 531 patients (75.7 %) were enrolled in
the prospective cohort.

3.1. Prognostic value of HER2-low status in patients treated with CDK 4/
6 inhibitors

Out of 701 eligible patients, 365 (52 %) had HER2-zero tumours and
336 (48 %) HER2-low tumours. No significant difference in primary
tumour characteristics were observed between patients with HER2-zero
or HER2-low tumours (Table 1). Overall, 302 patients (43 %) underwent
advanced stage biopsy (Supplementary Material Table S1). Median age
at cancer diagnosis was 57 years (46− 66) in the HER2-zero group and
55 (44− 66) in the HER2-low subgroup, with a median age at diagnosis
of metastatic disease of 63 and 60 years, respectively. A total of 124
patients (36.9 %) with HER2-low breast cancer were diagnosed with de
novo metastatic disease compared to 108 (29.6 %) with HER2-zero

tumours. The median time from diagnosis of advanced disease to first-
line treatment start was 29 days (IQR 16–48).

After a median follow-up of 24.80 months, no significant differences
were found in terms of TTD (median TTD 26.16 months (IQR 12.84-NR)
and 27.60 months (IQR 12.12–64.44) (HR= 1.00, 95 % CI 0.80–1.26,
p = 0.972) (Figure 2) or OS (median OS beyond 60 months for both
groups) (p = 0.398) (Figure 3) between HER2-zero and HER2-low sub-
groups. Paired advanced stage and primary tumour biopsies were
available for 231 subjects (Supplementary Material Table S2): 65
(43.6 %) out of 149 HER2-zero primary tumours turned into HER2-low
at the advanced stage biopsy. Among 82 HER2-low primary breast
cancers, 29 (35.4 %) were classified as HER2-zero at the biopsy per-
formed in the metastatic setting.

Fig. 1. Patient Flow Chart According to STrengthening the Reporting of
OBservational Studies in Epidemiology (STROBE) Standards . Abbreviations:
CDK 4/6i, CDK 4/6 inhibitors; GIM, Gruppo Italiano Mammella; N, number.

Table 1
Patient and tumour characteristics. *At the advanced stage biopsy the hormone
receptor status was positive.

HER2-zeroN
(%) n ¼ 365

HER2-lowN
(%) n ¼ 336

P
value

Age at diagnosis of primary
cancer, median (IQR) years

57 (46–66) 55 (44–66) 0.406

Age at diagnosis of metastatic
disease, median (IQR) years

63 (52–71) 60 (51–71) 0.059

Age at diagnosis of metastatic
disease

  0.198

≤ 50 years 80 (21.9) 83 (24.7) 
51 − 60 years 79 (21.6) 86 (25.6) 
61 − 70 years 114 (31.2) 82 (24.4) 
> 70 years 92 (25.2) 85 (25.3) 

Cohort   0.052
Perspective 265 (72.6) 266 (79.2) 
Retrospective 100 (27.4) 70 (20.8) 

Menopausal status at breast
cancer diagnosis

  0.249

Pre-menopausal 277 (75.9) 262 (78.0) 
Post-menopausal 77 (21.1) 58 (17.3) 
Missing 11 (3.0) 16 (4.8) 

Histology   0.476
Ductal carcinoma 270 (74.0) 257 (76.5) 
Lobular carcinoma 65 (17.8) 53 (15.8) 
Others/missing 30 (8.2) 26 (7.7) 

Hormone receptor status on
primary tumour

  0.957

ER-negative/PR-negative* 2 (0.5) 2 (0.6) 
ER-positive/PR-negative 37 (10.1) 34 (10.1) 
ER-negative/PR-positive 1 (0.3) 2 (0.6) 
ER-positive/PR-positive 324 (88.8) 298 (88.7) 

Missing 1 (0.3) 0 (0.0) 
CDK 4/6 inhibitor used   0.686
Palbociclib 175 (47.9) 158 (47.0) 
Ribociclib 160 (43.8) 144 (42.9) 
Abemaciclib 30 (8.2) 34 (10.1) 

Endocrine therapy combined
with CDK 4/6 inhibitors

  0.553

Tamoxifen → AI 1 (0.3) 1 (0.3) 
Letrozole
Anastrozole

218 (59.7)
7 (1.9)

192 (57.1)
2 (0.6)



Exemestane 2 (0.5) 2 (0.6) 
Fulvestrant 94 (25.7) 101 (30.1) 
Aromatase Inhibitors + LhRH

anlogue
43 (11.8) 38 (11.3) 

Presentation of metastatic disease   0.092
Non visceral 38 (10.4) 40 (11.9) 
Bone-only 172 (47.1) 133 (39.6) 
Visceral 147 (40.3) 160 (47.6) 
Missing 8 (2.2) 3 (0.9) 

De novo metastatic disease   0.064
No 247 (67.7) 209 (62.2) 
Yes 108 (29.6) 124 (36.9) 
Missing 10 (2.7) 3 (0.9) 
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3.2. Effectiveness of CDK 4/6 inhibitors according to endocrine
resistance/sensitivity

Overall, 426 patients (60.8 %) had tumours defined as endocrine-
sensitive, with 232 subjects having de novo metastatic disease. The dis-
ease was considered secondary endocrine-resistant in 142 (20.3 %) pa-
tients and primary endocrine-resistant in 54 (7.7 %) patients. Data about

the timing of relapse and endocrine resistance/sensitivity were missing
in 11.2 % of cases (Table 2). The subgroup with endocrine-sensitive
cancers exhibited a median TTD of 33.24 months (IQR 16.32-NR)
(p < 0.001) (Figure 4). Median TTD was 19.92 months (IQR
8.88–51.24) for the subgroup with secondary endocrine-resistant dis-
ease and 17.40 months (IQR 7.44–24.72) for patients with primary
endocrine-resistant breast cancer. Median OS was 69.24 months (IQR
42.24-NR) for patients with endocrine-sensitive tumours, NR (IQR
29.28-NR) for patients with secondary endocrine-resistant disease, and
32.64 months (IQR 25.32–43.08) for those with primary endocrine-
resistant tumours (p < 0.001) (Figure 5).

3.3. Effectiveness of CDK 4/6i according to Estrogen Receptor expression

All patients (n = 701) were divided into four groups according to ER
expression. Overall, 32 subjects (4.6 %) had tumours with ER≤ 50 %,

Fig. 2. Time to treatment discontinuation according to HER2 status (HER2-low vs. HER2-zero).

Fig. 3. Overall Survival according to HER2 status (HER2-low vs. HER2-zero).

Table 2
Endocrine resistance/sensitivity classification.

Endocrine resistance/sensitivity classification N (%) n ¼ 701

De novo metastatic disease 232 (33.1)
Endocrine sensitive 194 (27.7)
Secondary endocrine resistant 142 (20.3)
Primary endocrine resistant 54 (7.7)
Missing 79 (11.2)
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173 (24.7 %) with ER between 51 % and 80 %, 255 (36.4 %) with ER
between 81 % and 90 %, and 241 (34.4 %) had tumours with ER> 90 %.
Median TTD was 19.08 months (IQR 8.16–40.56) for those with ER
≤ 50 %, 27.84 months (IQR 12.12-NR) for ER between 51 % and 80 %,
24.00 months (IQR 12.36–51.96) for ER between 81 % and 90 %, and
29.16 months (IQR 13.80-NR) for ER > 90 %. Median OS was 42.96
months (IQR 21.48-NR), NR (IQR 32.88-NR), 61.56 months (IQR 36.24-
NR), and 69.24 months (IQR 39.84-NR), respectively. No significant
differences were found between these four subgroups in TTD
(p = 0.198) (Supplementary Material Figure S1) or OS (p = 0.059)
(Supplementary Material Figure S2).

3.4. Second-line treatment

Among patients (n = 275) who experienced disease progression
during first-line CDK 4/6i, 40 % (n = 110) received chemotherapy

(more frequently capecitabine or taxane-based regimen), 45.5 %
(n = 125) received endocrine-based treatment (the majority
exemestane+ everolimus or fulvestrant), 0.3 % (n = 1) PARP inhibitors,
1 % (n = 3) received other treatments. In 13.1 % of patients, data were
missing (Table 3).

Fig. 4. Time to treatment discontinuation according to Endocrine resistance/sensitivity.

Fig. 5. Overall Survival according to Endocrine resistance/sensitivity.

Table 3
Second-line treatment.

Type of second line treatment N (%) n ¼ 701

Died within 120 days 22 (3.1)
First line ongoing 404 (57.6)
Chemotherapy 110 (15.7)
Endocrine-based treatment 125 (17.8)
PARPi 1 (0.1)
Others 3 (0.4)
Missing 36 (5.1)
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A higher rate of de novo metastatic disease (47.3 %) was found
among patients treated with fulvestrant, compared to the other agents
(10.7 % for capecitabine, 16 % for taxane-based chemotherapy, and
26.5 % for everolimus plus exemestane) (p < 0.001). Similarly, those
tumours treated with second-line fulvestrant, were more frequently
classified as endocrine-sensitive (40 %) than those treated with capeci-
tabine (17.9 %), taxane-based chemotherapy (28 %), and everolimus
plus exemestane (20.6 %) (p < 0.001) (Table 4). The rate of bone-only
presentation was similar among patients treated with fulvestrant,
capecitabine, and everolimus plus exemestane (50.9 % vs. 48.2 % vs.
50 %, respectively) and lower in those administered a taxane-based
regimen (24 %) (p = 0.344). The type of second-line treatment was
also evaluated according to the duration of first-line TTD: in patients
treated with capecitabine, the TTD for CDK 4/6i was 11.16 months (IQR
6.6–17.76), in those administered a taxane 6.00 months (IQR
4.56–11.64), in those treated with everolimus plus exemestane 19.80
months (IQR 13.68–24.00), and in those who received fulvestrant 19.68
months (IQR 11.76–27.60).

Second-line TTD for capecitabine, taxane-based chemotherapy (with
or without bevacizumab), everolimus plus exemestane, and fulvestrant
was evaluated. No significant differences were found between these four
groups (p = 0.188): median second-line TTD was 6.11 months for pa-
tients treated with capecitabine (IQR 2.96–11.47), 5.06 months (IQR
2.99–9.99) for those treated with taxane-based chemotherapy, 5.39
months (IQR 2.53–9.03) for the subgroup treated with everolimus plus
exemestane, and 6.44 months (IQR 3.38-NR) for patients treated with
fulvestrant (Figure 6).

4. Discussion

In this analysis of the observational, multicentre, retrospective/

prospective GIM14/BIOMETA study, we evaluated possible clinical
biomarkers of the effectiveness of CDK 4/6i and compared the effec-
tiveness of the second-line treatment options available at the time of the
study.

No significant differences were found between patients with HER2-
low and HER2-zero breast cancer in terms of TTD or OS. In contrast, a
recent meta-analysis including nine studies and 2705 patients treated
with CDK 4/6i, found that patients with HER2-low tumours had shorter
PFS (HR: 1.22, 95 % CI 1.10–1.35, p < 0.001) and OS (HR: 1.22, 95 % CI
1.04–1.44, p = 0.010), compared to those with HER2-zero breast can-
cers [19]. However, another meta-analysis evaluating patients with
hormone receptor-positive metastatic breast cancer found no difference
in terms of PFS between patients with HER2-low and HER2-zero tu-
mours [20]. Although some studies showed that HER2-low breast cancer
patients exhibit shorter PFS than patients with HER2-zero tumours, all
patients with hormone receptor-positive/HER2-negative metastatic
breast cancer must be treated with first-line CDK 4/6i plus endocrine
treatment, as this combination represents the best treatment option
available in this setting.

Based on our findings, CDK 4/6 inhibitors were effective regardless
of ER expression. However, endocrine sensitivity and resistance signif-
icantly influenced survival outcomes, highlighting their importance in
determining treatment benefit. Individuals experiencing primary endo-
crine resistance exhibited the poorest outcomes when treated with CDK
4/6i. Our data are consistent with the results of CDK 4/6i registration
trials, which demonstrated the high efficacy of these agents with similar
relative benefits in both endocrine-sensitive and endocrine-resistant
tumours. Nevertheless, the absolute benefit in these studies appears to
be definitely more relevant in patients with endocrine-sensitive tumours
compared to patients with endocrine-resistant disease, and our analysis
confirms this trend [2,3,6,7,21,22].

Table 4
Baseline characteristics according to second-line treatment.

Capecitabine N (%)
n ¼ 56

Taxane N (%)
n ¼ 25

Exemestane Plus Everolimus N (%)
n ¼ 34

Fulvestrant N (%)
n ¼ 55

P value

Age at cancer diagnosis, median (IQR) years 56 (45 − 66) 54 (48 − 59) 54 (42 − 60) 59 (46 − 70) 0.216
Age at diagnosis of metastatic disease, median
(IQR) years

62 (51 − 72) 61 (54 − 67) 56 (47 − 64) 66 (53 − 73) 0.042

Age at diagnosis of metastatic disease     0.009
≤ 50 years 14 (25.0) 4 (16.0) 13 (38.2) 9 (16.4) 
51 − 60 years 12 (21.4) 8 (32.0) 8 (23.5) 10 (18.2) 
61 − 70 years 14 (25.0) 12 (48.0) 11 (32.3) 17 (30.9) 
> 70 years 16 (28.6) 1 (4.0) 2 (5.9) 19 (34.5) 

Cohort     0.011
Perspective 41 (73.2) 16 (64.0) 16 (47.1) 44 (80.0) 
Retrospective 15 (26.8) 9 (36.0) 18 (52.9) 11 (20.0) 

Menopausal status at cancer diagnosis     0.606
Pre-menopausal 40 (71.4) 20 (80.0) 24 (70.6) 43 (78.2) 
Post-menopausal
Missing

13 (23.2)
3 (5.4)

4 (16.0)
1 (4.0)

8 (23.5)
2 (5.9)

8 (14.5)
4 (7.3)



CDK 4/6 inhibitor used     0.119
Palbociclib 34 (60.7) 15 (60.0) 23 (67.6) 30 (54.5) 
Ribociclib 15 (26.8) 10 (40.0) 9 (26.5) 24 (43.6) 
Abemaciclib 7 (12.5) 0 (0.0) 2 (5.9) 1 (1.8) 

Presentation of metastatic disease     0.344
Non visceral 5 (8.9) 3 (12.0) 3 (8.8) 4 (7.3) 
Bone-only 27 (48.2) 6 (24.0) 17 (50.0) 28 (50.9) 
Visceral 21 (37.5) 16 (64.0) 14 (41.2) 23 (41.8) 
Missing 3 (5.4) 0 (0.0) 0 (0.0) 0 (0.0) 

De novo metastatic disease     < 0.001
No 49 (87.5) 21 (84.0) 25 (73.5) 29 (52.7) 
Yes 6 (10.7) 4 (16.0) 9 (26.5) 26 (47.3) 
Missing 1 (1.8) 0 (0.0) 0 (0.0) 0 (0.0) 

cision Medicine Unit in Senology, Fondazione
Polic

    < 0.001

De novo metastatic disease 6 (10.7) 4 (16.0) 9 (26.5) 26 (47.3) 
Endocrine sensitive 10 (17.9) 7 (28.0) 7 (20.6) 22 (40.0) 
Secondary endocrine resistant 21 (37.5) 9 (36.0) 11 (32.3) 2 (3.6) 
Primary endocrine resistant 10 (17.9) 5 (20.0) 5 (14.7) 1 (1.8) 
Missing 9 (16.1) 0 (0.0) 2 (5.9) 4 (7.3) 
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No significant differences were found in terms of TTD or OS ac-
cording to ER expression. Moreover, no significant difference between
the different types of second-line treatment was observed, with all
subgroups exhibiting a second-line TTD of about 6 months. In the
BOLERO-6 trial, patients treated with second-line everolimus plus
exemestane exhibited a PFS of 8.4 months, while those administered
capecitabine had a PFS of 9.6 months. However, these subjects were
pretreated with aromatase inhibitors and not exposed to CDK 4/6i [23].
The second-line TTD of patients treated with taxane-based chemo-
therapy (5.06 months) is similar to the findings of the RIBBON-2 trial. In
this study, those treated with taxane plus bevacizumab exhibited a
second-line PFS of 7.2 months, and those treated with only chemo-
therapy had a second-line PFS of 5.1 months [24]. Comparable results
were found in a multicentric study enrolling Asian patients [25]. Our
results underline that baseline characteristics influenced the second-line
treatment choice: patients who received fulvestrant exhibited a more
favourable tumour profile (e.g. de novo metastatic disease, bone-only
presentation). On the contrary, a monocentric study showed that base-
line features did not have any significant impact on the choice of
second-line agent. However, their analysis demonstrated that endocrine
treatment is a valid second-line option, consistently with our data [14].

In our study, patients receiving chemotherapy as second-line treat-
ment exhibited a shorter TTD during first-line treatment. Conversely,
TTD with CDK 4/6i was longer in those who received second-line
endocrine treatment. Similarly, in the study involving 609 patients
treated with CDK 4/6i, a shorter duration of CDK 4/6i led clinicians to
choose chemotherapy more frequently as subsequent treatment rather
than endocrine therapy [26]. Analogous results were found in a
population-based study involving 525 patients [27]. Although these
data are derived from real-world studies, the duration of CDK 4/6i
treatment and the aggressiveness of the metastatic disease might be
relevant factors to consider when choosing the second-line treatment.
Further investigations within randomized clinical trials are certainly
needed.

These results are especially relevant following the recent DESTINY-
Breast06 trial publication. In this trial, 866 patients with hormone
receptor-positive/HER2-low or HER2-ultralow and chemotherapy-naïve
in the metastatic setting were randomized to receive T-DXd or physi-
cian’s choice treatment. The subjects assigned to the T-DXd arm had
significantly longer PFS than those in the control arm, both in HER2-low
(HR 0.62, 95 % CI 0.51–0.74, p < 0.0001) and HER2-ultralow (HR 0.78,
95 % CI 0.50–1.21) subgroups [15]. Oncologists will soon have an
additional option after CDK 4/6i. Our data highlight key features

clinicians tend to consider for second-line treatment, crucial for optimal
sequencing and delaying chemotherapy in less aggressive tumours.

Other new second-line agents now available include alpelisib, ela-
cestrant and capivasertib. In the SOLAR-1 trial, among patients with
PIK3CA mutations, the addition of alpelisib to fulvestrant led to a
significantly longer PFS (11.0 vs. 5.7 months, HR 0.65, 95 % CI
0.50–0.85, p = 0.00065) and a prolonged OS, although not statistically
significant (HR 0.86, 95 % CI, 0.64–1.15, p = 0.15). Alpelisib is approved
for luminal-like metastatic breast cancer harbouring PIK3CA mutations
[28]. In the phase III EMERALD trial, patients treated with elacestrant had
longer PFS than those receiving endocrine monotherapy, particularly in
those with ESR1 mutation (47.8 %) (HR 0.55, 95 % CI 0.39–0.77,
p = 0.0005) [29]. This agent is now approved in patients affected by
ER-positive/HER2-negative advanced breast cancer with ESR1 mutation
[30], and HER2 status (low/zero) seems not to have any impact on its
efficacy [31]. Capivasertib is an AKT-inhibitor: in the CAPItello-291 trial
it prolonged median PFS from 3.1 months to 7.3 months in the AKT
pathway–altered population (HR 0.50; 95 % CI, 0.38 to 0.65, p < 0.001)
[32], and it is now FDA-approved in patients with luminal-like advanced
breast cancer with PIK3CA/AKT1/PTEN-alterations [33]. Although the
approval of these drugs is restricted to specific populations, these agents
must be considered as second-line options for selected patients. These
advancements underscore the importance of personalized treatment and
targeting mutations to improve outcomes in metastatic breast cancer.

Our study has some limitations. Data were from a retrospective/
prospective registry without centralized tissue sample review or disease
evaluation. The observational design and variability in patient charac-
teristics and tumour assessment methods may have impacted our results,
and patients could have stopped treatment due to progression but also
other reasons. Data on patients’ characteristics at the time of progression
on CDK 4/6i were not available. Moreover, our data only partially
reflect the current landscape of second-line treatment, as novel drugs (e.
g., elacestrant, T-DXd) were unavailable for the patients in our analysis.
On the other hand, the patients included in this analysis mainly
belonged to the prospective registry including several different Italian
institutions.

5. Conclusions

CDK 4/6i represent an effective first-line treatments for hormone
receptor-positive metastatic breast cancer, regardless of HER2 status.
Endocrine-resistant cancers, especially with primary resistance, showed
poor TTD compared to endocrine-sensitive ones. In our real-world

Fig. 6. Second-line time to treatment discontinuation.
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analysis, despite varying tumor and metastatic characteristics, approved
second-line agents (taxane-based chemotherapy, capecitabine, ever-
olimus plus exemestane, fulvestrant) showed no significant differences
in second-line TTD. Endocrine-based second-line treatments were
mainly chosen for less aggressive disease.
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[6] Slamon DJ, Diéras V, Rugo HS, Harbeck N, Im SA, Gelmon KA, et al. Overall
survival with palbociclib plus letrozole in advanced breast cancer. J Clin Oncol J
Am Soc Clin Oncol 2024 Mar 20;42(9):994–1000.

[7] Sledge GWJ, Toi M, Neven P, Sohn J, Inoue K, Pivot X, et al. The effect of
abemaciclib plus fulvestrant on overall survival in hormone receptor-positive,
ERBB2-negative breast cancer that progressed on endocrine therapy-MONARCH 2:
a randomized clinical trial. JAMA Oncol 2020 Jan 1;6(1):116–24.

[8] Sonke GS, Van Ommen Nijhof A, Wortelboer N, Van Der Noort V, Swinkels ACP,
Blommestein HM, et al. Primary outcome analysis of the phase 3 SONIA trial
(BOOG 2017-03) on selecting the optimal position of cyclin-dependent kinases 4
and 6 (CDK4/6) inhibitors for patients with hormone receptor-positive (HR+),
HER2-negative (HER2-) advanced breast cancer (ABC). J Clin Oncol 2023 Jun 10;
41(17_). LBA1000–LBA1000.

[9] Jhaveri KL, Im SA, Saura C, Juric D, Loibl S, Kalinsky K, et al. Abstract GS03-13:
Inavolisib or placebo in combination with palbociclib and fulvestrant in patients
with PIK3CA -mutated, hormone receptor-positive, HER2-negative locally
advanced or metastatic breast cancer: Phase III INAVO120 primary analysis.
Cancer Res 2024 May 2;84(9_ement). GS03-13-GS03-13.

[10] Tarantino P, Viale G, Press MF, Hu X, Penault-Llorca F, Bardia A, et al. ESMO
expert consensus statements (ECS) on the definition, diagnosis, and management of
HER2-low breast cancer. Ann Oncol 2023 Aug;34(8):645–59.

[11] Douganiotis G, Kontovinis L, Markopoulou E, Ainali A, Zarampoukas T,
Natsiopoulos I, et al. Prognostic significance of Low HER2 expression in patients

C. Molinelli et al. European Journal of Cancer 213 (2024) 115113 

8 

https://doi.org/10.1016/j.ejca.2024.115113
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref1
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref1
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref1
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref2
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref2
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref2
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref3
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref3
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref3
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref4
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref4
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref4
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref4
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref5
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref5
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref5
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref5
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref6
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref6
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref6
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref7
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref7
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref7
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref7
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref8
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref8
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref8
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref8
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref8
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref8
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref9
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref9
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref9
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref9
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref9
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref10
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref10
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref10
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref11
http://refhub.elsevier.com/S0959-8049(24)01720-9/sbref11


with early hormone receptor positive breast cancer. Cancer Diagn Progn 2022 May
3;2(3):316–23.

[12] Zattarin E, Presti D, Mariani L, Sposetti C, Leporati R, Menichetti A, et al.
Prognostic significance of HER2-low status in HR-positive/HER2-negative
advanced breast cancer treated with CDK4/6 inhibitors. NPJ Breast Cancer 2023
Apr 17;9(1):27.

[13] Lambertini M, Blondeaux E, Bisagni G, Mura S, De Placido S, De Laurentiis M, et al.
Prognostic and clinical impact of the endocrine resistance/sensitivity classification
according to international consensus guidelines for advanced breast cancer: an
individual patient-level analysis from the Mammella InterGruppo (MIG) and
Gruppo Italiano Mammella (GIM) studies. eClinicalMedicine 2023 May;59:101931.

[14] Basile D, Gerratana L, Corvaja C, Pelizzari G, Franceschin G, Bertoli E, et al. First-
and second-line treatment strategies for hormone-receptor (HR)-positive HER2-
negative metastatic breast cancer: a real-world study. Breast Edinb Scotl 2021 Jun;
57:104–12.

[15] Bardia A, Hu X, Dent R, Yonemori K, Barrios CH, O’Shaughnessy JA, et al.
Trastuzumab Deruxtecan after Endocrine Therapy in Metastatic Breast Cancer.
N Engl J Med 2024 Sep 15.

[16] von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, et al.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet Lond
Engl 2007 Oct 20;370(9596):1453–7.

[17] Murray C, D’Arcy C, Gullo G, Flanagan L, Quinn CM, Quinn CM. Human epidermal
growth factor receptor 2 testing by fluorescent in situ hybridization: positive or
negative? ASCO/College of American Pathologists Guidelines 2007, 2013, and
2018. J Clin Oncol 2018 Dec 10;36(35):3522–3.

[18] Schemper M, Smith TL. A note on quantifying follow-up in studies of failure time.
Control Clin Trials 1996 Aug;17(4):343–6.

[19] Guven DC, Sahin TK. The association between HER2-low status and survival in
patients with metastatic breast cancer treated with Cyclin-dependent kinases 4 and
6 inhibitors: a systematic review and meta-analysis. Breast Cancer Res Treat 2024
Jan 19.

[20] Molinelli C, Jacobs F, Agostinetto E, Marta GN, Ceppi M, Bruzzone M, et al.
Prognostic value of HER2-low status in breast cancer: a systematic review and
meta-analysis. J Clin Oncol 2023 Jun 1;41(16_). 1104–1104.

[21] Turner NC, Slamon DJ, Ro J, Bondarenko I, Im SA, Masuda N, et al. Overall
survival with palbociclib and fulvestrant in advanced breast cancer. N Engl J Med
2018 Nov 15;379(20):1926–36.

[22] Goetz. MONARCH 3: Final overall survival results of abemaciclib plus a
nonsteroidal aromatase inhibitor as first-line therapy for HR+, HER2- advanced
breast cancer. SABCS 2023;

[23] Jerusalem G, de Boer RH, Hurvitz S, Yardley DA, Kovalenko E, Ejlertsen B, et al.
Everolimus plus exemestane vs everolimus or capecitabine monotherapy for

estrogen receptor-positive, HER2-negative advanced breast cancer: the BOLERO-6
randomized clinical trial. JAMA Oncol 2018 Oct 1;4(10):1367–74.

[24] Brufsky AM, Hurvitz S, Perez E, Swamy R, Valero V, O’Neill V, et al. RIBBON-2: a
randomized, double-blind, placebo-controlled, phase III trial evaluating the
efficacy and safety of bevacizumab in combination with chemotherapy for second-
line treatment of human epidermal growth factor receptor 2-negative metastatic
breast cancer. J Clin Oncol J Am Soc Clin Oncol 2011 Nov 10;29(32):4286–93.

[25] Li Y, Li W, Gong C, Zheng Y, Ouyang Q, Xie N, et al. A multicenter analysis of
treatment patterns and clinical outcomes of subsequent therapies after progression
on palbociclib in HR+/HER2- metastatic breast cancer. Ther Adv Med Oncol 2021;
13:17588359211022890.

[26] Karacin C, Oksuzoglu B, Demirci A, Keskinkılıç M, Baytemür NK, Yılmaz F, et al.
Efficacy of subsequent treatments in patients with hormone-positive advanced
breast cancer who had disease progression under CDK 4/6 inhibitor therapy. BMC
Cancer 2023 Feb 10;23(1):136.

[27] Princic N, Aizer A, Tang DH, Smith DM, Johnson W, Bardia A. Predictors of
systemic therapy sequences following a CDK 4/6 inhibitor-based regimen in post-
menopausal women with hormone receptor positive, HEGFR-2 negative metastatic
breast cancer. Curr Med Res Opin 2019 Jan;35(1):73–80.

[28] André F, Ciruelos EM, Juric D, Loibl S, Campone M, Mayer IA, et al. Alpelisib plus
fulvestrant for PIK3CA-mutated, hormone receptor-positive, human epidermal
growth factor receptor-2-negative advanced breast cancer: final overall survival
results from SOLAR-1. Ann Oncol J Eur Soc Med Oncol 2021 Feb;32(2):208–17.

[29] Bidard FC, Kaklamani VG, Neven P, Streich G, Montero AJ, Forget F, et al.
Elacestrant (oral selective estrogen receptor degrader) versus standard endocrine
therapy for estrogen receptor-positive, human epidermal growth factor receptor 2-
negative advanced breast cancer: results from the randomized phase III EMERALD
trial. J Clin Oncol J Am Soc Clin Oncol 2022 Oct 1;40(28):3246–56.

[30] Shah M, Lingam H, Gao X, Gittleman H, Fiero MH, Krol D, et al. US food and drug
administration approval summary: elacestrant for estrogen receptor-positive,
human epidermal growth factor receptor 2-negative, ESR1-mutated advanced or
metastatic breast cancer. J Clin Oncol J Am Soc Clin Oncol 2024 Apr 1;42(10):
1193–201.

[31] Bardia A, Cortés J, Bidard FC, Neven P, Garcia-Sáenz J, Aftimos P, et al. Elacestrant
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