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Abstract

Purpose There is limited evidence supporting the addition of everolimus to endocrine therapy in women with ER-positive/
HER2-negative advanced breast cancer disease progression on CDK4/6 inhibitors. We aimed to assess the effectiveness and
safety of everolimus in this setting.

Methods EVERGREEN is a multicentre, international, retrospective quasi-experimental study of women with ER-posi-
tive/HER2-negative advanced breast cancer who started an immediate next line of endocrine therapy after progression on
CDK4/6 inhibitors until 31/12/2022. We compared patients exposed to endocrine therapy plus everolimus in centres where
this is the standard-of-care with those treated in centres where endocrine therapy alone is the standard-of-care. The primary
endpoint was real-world progression-free survival (rwPFS). Secondary endpoints were time to everolimus failure, time to
chemotherapy, and overall survival.

Results We included 207 women (everolimus n=150, endocrine therapy alone n=57), with a median follow-up of
31.8 months. Baseline characteristics were well balanced, except for a higher number of prior lines of therapy in the everoli-
mus cohort. Median rwPFS was 5.0 for patients exposed to everolimus vs 4.3 months for endocrine therapy alone (adjusted
hazard ratio 0.68, 95% confidence interval 0.47-0.99). Time to everolimus failure was 4.2 months. There were no statistically
significant differences in time to chemotherapy or overall survival. The safety profile was consistent with previous reports.
Conclusion The addition of everolimus to standard endocrine therapy resulted in a modest clinical benefit for patients with
ER-positive/HER2-negative advanced breast cancer candidates for endocrine therapy after CDK4/6 inhibitors. This limited
benefit and the toxicity profile warrants careful selection of patients with favourable risk-benefit profile.

Keywords Breast neoplasms - Everolimus - Hormonal antineoplastic agents - Quasi-experimental study - Comparative
effectiveness research
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Abbreviations

AKTI RAC-alpha serine/threonine-protein kinase
gene

CDK4/6  Cyclin-dependent kinase 4/6

CI Confidence interval

CNS Central nervous system

ECOG Eastern Cooperative Oncology Group

ER Estrogen receptor

ESRI Estrogen receptor 1 gene

ET Endocrine therapy

HER2 Human epidermal growth factor receptor 2

HR Hazard ratio

HC Immunohistochemistry

IPTW Inverse probability of treatment weighting

ISH In-situ hybridization

IQR Interquartile range

mos Months

mTOR Mammalian target of rapamycin

NGS Next-generation sequencing

PIK3CA  Phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha gene

PTEN Phosphatase and tensin homolog gene

rwPFS Real-world progression-free survival

SoC Standard of care

Introduction

Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors repre-
sented a substantial breakthrough in the management of
patients with estrogen receptor (ER)-positive, HER2-neg-
ative advanced breast cancer [1-7]. In February 2015, the
U.S. Food and Drug Administration granted palbociclib
accelerated approval [8], with subsequent European ini-
tial market authorisation later in November 2016 [9]. This
breakthrough was followed by ribociclib and abemaciclib
[10, 11], redefining the standard-of-care for these patients.
For patients who are candidates to continue cytotoxic-free
systemic therapy after progression on CDK4/6 inhibitors,
the optimal treatment sequence remains uncertain. Clinical
practice guidelines recommend genomic biomarker test-
ing and clinical characteristics, such as duration on prior
CDK4/6 inhibitors, for defining the next line of systemic
therapy [12-16]. Alpelisib for P/IK3CA-mutated disease
(30-40%) [17, 18], capivasertib for patients with tumours
harbouring PIK3CA/AKTI/PTEN alterations (=45%) [19],
and elacestrant in the presence of ESRI/-mutation (com-
monly acquired after exposure to aromatase inhibitors in up
to =50%, depending on the timing of testing) [19, 20], have
been approved in Europe since July 2020 [21-23], June
2024 [24, 25], and September 2023 [20, 26], respectively.
However, these actionable alterations are not detected in
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nearly half of ER-positive/HER2-negative advanced breast
cancer [19]. In their absence, fulvestrant monotherapy is the
most studied control arm of prospective clinical trials after
progression on CDK4/6 inhibitors [20, 27-30].

Despite limited prospective comparative evidence, the
addition of everolimus to endocrine therapy is a recom-
mended treatment option in the post-CDK4/6 inhibitors set-
ting [12, 13, 15, 16]. Everolimus is a mammalian target of
rapamycin (mTOR) inhibitor, approved for the treatment of
ER-positive/HER2-negative advanced breast cancer since
2012 [31]. BOLERO-2 was the registration trial demon-
strating a statistically significant progression-free survival
benefit for the addition of everolimus to exemestane after
progression on aromatase inhibitor [32]. Although none of
the enrolled patients had prior exposure to CDK4/6 inhibi-
tors, non-clinical data suggest PI3K/AKT/mTOR pathway
activation after exposure to CDK4/6 inhibitors, supporting
the potential role of everolimus to overcome resistance [33,
34]. Several real-world studies assessed the effectiveness
of everolimus after CDK4/6 inhibitors, but most are non-
comparative [35—41]. Given its toxicity profile and uncer-
tain magnitude of clinical benefit in this setting, the use of
everolimus varies across different centres, representing a
unique opportunity to leverage the use of real-world data
for comparative effectiveness. We aimed to evaluate the
effectiveness and safety of adding everolimus to endocrine
therapy after progression on CDK4/6 inhibitors.

Methods
Study design and setting

The EVERGREEN study is a multicentre, international, ret-
rospective quasi-experimental study comparing two cohorts
of patients with ER-positive/HER2-negative advanced
breast cancer treated with endocrine therapy with or without
everolimus, after progression on CDK4/6 inhibitors (eFig-
ure 1 in Supplement 1, trial protocol in Supplement 2). The
study was conducted in 14 centres from Belgium (four) and
Portugal (ten), and the sites were selected according to the
local standard use of everolimus in this setting: nine sites
where everolimus is routinely added to endocrine therapy
(everolimus cohort) vs five sites where endocrine therapy
alone is the standard-of-care with no use of everolimus in
this setting (endocrine therapy alone cohort) (eTable 1 in
Supplement 1). The study was conducted following the
ISPOR Guidelines for comparative effectiveness research
[42—44] and the manuscript was prepared according to the
ESMO Guidance for Reporting Oncology real-World evi-
dence [45].
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Participants

We included all the consecutive adult women diagnosed
with ER-positive/HER2-negative advanced breast cancer
who started the study treatment — immediate next line of
therapy after progression on endocrine therapy plus CDK4/6
inhibitors — since the introduction of CDK4/6 inhibitors
until December 31, 2022. Patients with visceral crisis and
those receiving chemotherapy or alpelisib immediately after
progression on CDK4/6 inhibitors were excluded. A total of
515 consecutive patients were screened, and 308 patients
were excluded (Fig. 1). Included patients were exposed to
endocrine therapy (i.e., exemestane, letrozole, fulvestrant,
or tamoxifen) with or without everolimus, dosed at discre-
tion of treating oncologist between 5-10mg orally once a
day, until disease progression or intolerability.

Data sources and independent variables

Participants were screened and identified via institutional
databases and clinical data were retrospectively collected
and pseudonymised by local investigators from medi-
cal records into an electronic case report form specifically
designed for this study (Supplement 3). Participant sites
were trained before study initiation, and patient summa-
ries were centrally revised for eligibility and data quality
check. The following baseline characteristics at the start of
the study treatment were extracted: age, menopausal status,

weight and height for body mass index, Eastern Cooperative
Oncology Group (ECOG) performance status, comorbidi-
ties for Charlson Comorbidity Index [46], and breast cancer
characteristics (de novo vs recurrent, metastatic sites, histo-
logic subtype, Ki67 index, progesterone receptor status, and
HER?2 status [47]). Pathology assessments were performed
as per local standards and were not centrally reviewed.
Whenever available as per local practice, results of somatic
genomic testing were collected. Finally, prior treatment for
advanced breast cancer (number of prior lines of systemic
therapy, prior use of chemotherapy before CDK4/6 inhibi-
tors, CDK4/6 inhibitors used and its duration) and study
treatment data (endocrine therapy agent used, initial dose
of everolimus, and dose reduction/early discontinuation)
were collected. Data were extracted between July 2023 and
March 2024, allowing a minimum follow-up period of six
months.

Clinical outcomes

Treatment effectiveness was measured by the primary end-
point real-world progression-free survival (rwPFS), defined
as time to clinical disease progression (judged by treating
oncologist based on clinical, radiological, or laboratorial
findings) or death from any cause [48, 49]. Imaging assess-
ments were not centrally reviewed. Secondary endpoints
were time to everolimus failure (discontinuation due to
any reason or death of any cause), time to chemotherapy

| 27 sites assessed for feasibility |

13 sites excluded:

N —

5 low estimated accrual
3 mixed SoC use of everolimus after CDK4/6i
2 no reply

| 14 sites included, 515 patients screened |

2 under-resourced for academic studies
1 lack of responsiveness after site selection

{

}

Everolimus cohort
(9 sites — everolimus is SoC)

Endocrine therapy alone cohort
(5 sites — everolimus is not SoC)

164 patients excluded:
53 no use/confirmed uptake of previous CDK4/6i .

144 patients excluded:

46 everolimus not immediately after CDK4/6i
16 everolimus before CDK4/6i
11 other cancer type

314 patients screened

75 no disease progression to CDK4/6i
47 endocrine therapy not immediately after CDK4/6i
9 endocrine therapy started after December 31, 2022

201 patients screened

11 everolimus started after December 31, 2022

8 duplicate cases

7 endocrine therapy without everolimus

6 no disease progression to CDK4/6i

3 everolimus prescription with no confirmed uptake
3 insufficient data

______________________________________ v

5 insufficient data

3 deceased before next line of therapy after CDK4/6i
2 endocrine therapy with everolimus

1 no use/confirmed uptake of previous CDK4/6i

1 other cancer type

1 endocrine therapy with alpelisib

1
15 patients censored to primary endpoint !
| 4 under follow-up with no event :4
1 1lost to follow-up |

150 patients included
in the univariate analyses

57 patients included
in the univariate analyses

13 patients with missing data on independent variables |47

k.

4" 4 patients with missing data on independent variables

v

137 patients included
in the multivariate analysis

53 patients included
in the multivariate analysis

Fig. 1 Flowchart of participant sites and patients per treatment received after disease progression on CDK4/6 inhibitors. Women included in the
everolimus cohort were exposed to endocrine therapy plus everolimus, while women included in the endocrine therapy alone cohort were exposed
to endocrine therapy without everolimus, as per standard-of-care of the participating sites included in each cohort. Abbreviations: CDK4/61,
cyclin-dependent kinases 4 and 6 inhibitors; ET, endocrine therapy; SoC, standard-of-care
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(chemotherapy start date or death of any cause), and overall
survival (death of any cause). As exploratory endpoints, we
collected the real-world best tumour response to study treat-
ment as previously defined by Patt et al [50] (stable/pro-
gressive disease, partial or complete response, as judged by
the treating oncologist) and safety data (any adverse event,
serious adverse events - defined as adverse events leading
to hospitalisation or death, and adverse events leading to
treatment discontinuation) as reported in the medical record.
Adverse events were graded according to Common Termi-
nology Criteria for Adverse Events, version 5 [51].

Statistical analysis

Despite no statistical sample size calculation, the inclusion
of 230 patients was estimated based on the feasibility ques-
tionnaires of the selected sites (eFigure 1 in Supplement 1,
trial protocol in Supplement 2). A post-hoc statistical power
calculation was performed for the primary endpoint to esti-
mate the likelihood of type II error. Baseline characteristics,
prior treatment for advanced breast cancer, and study treat-
ment data were summarised with descriptive statistics and
compared between the two cohorts. All time-to-event end-
points were assessed from start date of study treatment and
differences between cohorts were described using Kaplan
Meier method and log-rank test. Patients who did not expe-
rience the event of interest were censored at the date of last
follow-up. For the primary endpoint, we conducted pre-
planned subgroup analyses for baseline characteristics with
interaction testing (random effects p-value for heterogene-
ity), and univariate and multivariate cox regression complete
case analyses, adjusting for a priori selected clinically rele-
vant potential confounders (age, ECOG performance status,
Charlson Comorbidity Index, de novo vs recurrent advanced
breast cancer, metastatic sites, progesterone receptor sta-
tus, number of prior lines of systemic therapy, and prior
CDK4/6 inhibitor duration). To address the imbalance in the
number of prior lines of systemic therapy not mitigated by
the study design, we performed a post-hoc Inverse Prob-
ability of Treatment Weighting (IPTW) sensitivity analysis.
A propensity score for the treatment received (endocrine
therapy plus everolimus versus endocrine therapy alone)
was estimated by logistic regression with the matching fac-
tors age, ECOG, Charlson Comorbidity Index, and number
of prior lines of systemic therapy. To assess potential infor-
mative bias in the measurement of the primary outcome, we
surveyed participating sites regarding their standard-of-care
schedules for routine clinical and imaging follow-up in this
specific disease setting. Real-world best tumour response
and safety data were summarised using descriptive statis-
tics. Post-hoc exploratory univariate analysis of factors
associated with toxic discontinuation was performed. All
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the statistical estimates were reported with 95% confidence
intervals (CI), using SAS version 9.4.

Results
Patient and disease characteristics

We included 207 patients who initiated endocrine therapy
with everolimus (everolimus cohort, #=150) or without
(endocrine therapy alone cohort, n=57) following disease
progression on CDK4/6 inhibitors between May 2017
and December 2022 (Fig. 1). All clinicodemographic and
pathology characteristics were well balanced between the
two cohorts (Table 1). Most women included were post-
menopausal (87%) with ECOG performance status 0-—1
(93%), had no additional comorbidities (77%), and were
diagnosed with recurrent advanced breast cancer (71%)
with visceral involvement (68%). Tumours were mostly of
no special type (69%), highly proliferative (Ki67>20%,
62%), progesterone receptor-positive (72%), and HER2-
low (62%). Results of somatic genomic testing were avail-
able for 90 women, with PIK3CA/AKTI/PTEN alterations
being the most frequently detected (22%). Regarding prior
treatment for advanced breast cancer, most women received
palbociclib (77%) and only a small proportion was exposed
to chemotherapy before CDK4/6 inhibitors (11%). Only
the number of prior lines of systemic therapy was signifi-
cantly higher among the cohort of patients exposed to endo-
crine therapy plus everolimus (>1, 43% vs 21%, p=0.004),
with a trend for longer duration of prior CDK4/6 inhibitor
(>12months, 62% vs 47%, p=0.057; Table 1).

Study treatment

The endocrine therapy agent used was significantly different
between cohorts, being mostly exemestane in the everoli-
mus cohort (77%) and fulvestrant in the endocrine therapy
alone cohort (61%) (p<0.001, Table 1). Among women
included in the everolimus cohort, 114 were exposed to ini-
tial dose of 10mg (76%), 37 (25%) experienced dose reduc-
tion, and 29 (19%) discontinued everolimus before disease
progression (Table 1).

Real-world progression-free survival

With a median follow-up of 31.8 months (95% CI, 25.7—
36.6), the median rwPFS was 5.0 for women exposed to
endocrine therapy plus everolimus vs 4.3 months for those
who received endocrine therapy alone (hazard ratio [HR]
0.75, 0.55-1.02, N=207). The rwPFS rate was 71% vs 60%
at 3-months, 43% vs 35% at 6-months, and 24% vs 18% at
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Table 1 Baseline characteristics, prior treatment for advanced breast cancer, and study treatment

Characteristic

Endocrine therapy plus everolimus (#=150) Endocrine therapy alone (n=57) p-value

Clinicodemographic
Age, years — median (IQR)
Age category, years — No. (%)
<50
50-69
>70
Menopausal status — No. (%)°
Pre/perimenopausal
Postmenopausal
Body mass index, kg/m? — median (IQR)
Body mass index category, kg/m” — No. (%)
Underweight (<18.5)
Normal (18.5-24.9)
Overweight (25-29.9)
Obese (=30)
ECOG performance status — No. (%)°
0
1
2
3
Charlson Comorbidity Index — No. (%)
6
7
>8
Type of advanced breast cancer — No. (%)
De novo
Recurrent
Metastatic sites — No. (%)
Visceral (including CNS)
Bone only
Pathology®
Histologic subtype — No. (%)"
No special type
Lobular
Mixed/other
Ki67, % — No. (%)
<20
>20
Progesterone receptor — No. (%)*!
Positive
Negative
HER2 status — No. (%)™"
HER2-0
HER2-low
Genomic®?
PIK3CA/AKTI1/PTEN alterations — No. (%)
PIK3CA
AKTI
PTEN
ESRI mutation — No. (%)

61 (53-71)

25 (17)
86 (57)
39 (26)

17 (11)
132 (89)
26 (22-30)

7(5)

64 (42)
42 (28)
37 (25)

54 (38)
78 (55)
9(6)
L(1)

116 (77)
23 (15)
11(7)

42 (28)
108 (72)

97 (65)
52 (35)

99 (66)
29 (20)
21 (14)

55 (40)
84 (60)

107 (73)
39 (27)

55 (38)
91 (62)

15 (21)
12 (16)
2(3)
1(1)
34

63 (50-72)

13 (23)
27 (47)
17 (30)

10 (17)
47 (83)
27 (22-31)

8 (14)

18 (32)
15 (26)
16 (28)

20 (35)
33 (58)
3(5)
1(2)

43 (75)
13 (23)
1(2)

19 (33)
38 (67)

43 (76)
14 (25)

43 (77)
6(11)
7(13)

14 (33)
29 (67)

36 (67)
18 (33)

17 (38)
28 (62)

5(29)
5(29)
0(0)
0(0)
000

0.610*

0.824°

0.243¢

0.549*

0.769°

0.685°

0.676°

0.452¢

0.155¢

0.295

0.408¢

0.357¢

0.990¢

0.518'
0.300
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Table 1 (continued)

Characteristic Endocrine therapy plus everolimus (n=150) Endocrine therapy alone (n=57) p-value
Prior treatment for advanced breast cancer
Prior lines of systemic therapy — No. (%)
1 86 (57) 45 (79) 0.004¢
>14 64 (43) 12 (21)
Chemotherapy — No. (%) 15 (10) 7(12) 0.621'
CDK4/6 inhibitor — No. (%)"
Palbociclib 118 (78) 37(73) 0.569'
Ribociclib 28 (18) 13 (25)
Abemaciclib 6(4) 1(2)
CDK4/6 inhibitor, months — median (IQR) 16 (9-25) 12 (9-24) 0.272%
CDK4/6 inhibitor, months — No. (%)
<12 57 (38) 30(53) 0.057¢
>12 93 (62) 27 (47)
Study treatment
Endocrine therapy agent used® — No. (%)
Exemestane/letrozole' 117 (78) 14 (25) <0.001'
Fulvestrant 29 (19) 35 (61)
Tamoxifen 4(3) 8 (14)
Everolimus initial dose, mg" — No. (%)
10 114 (76) - -
7.5 1(1) - -
5 34 (23) - -
Everolimus dose reduction — No. (%) 37 (25) - -
Everolimus early discontinuation* — No. (%) 29 (19) - -

Statistical test applied: (a) Wilcoxon rank sum test; (b) Cochran-Armitage trend test; (d) Chi-Square test; (i) Fisher’s Exact test. Cases of
unknown/missing data per variable: (c) 1 for everolimus; (e) 8 for everolimus; (g) 2, 1 for each cohort; (j) 25, 11 for everolimus, 14 for endo-
crine therapy alone; (k) 7, 4 for everolimus, 3 for endocrine therapy alone; (m) 16, 4 for everolimus and 12 for endocrine therapy alone; (o) 117,
77 for everolimus, 40 for endocrine therapy alone; (r) 6 for endocrine therapy alone; (u) 1 for everolimus. Notes: (f) includes exceptional cases
of isolated serosal, nodal, and/or cutaneous involvement as well as unresectable local recurrences; (g) from metastatic tumor specimen, or if
not available, from primary tumor; (1) Positive if progesterone receptor>1% or Allred>3; (n) HER2-0, IHCO; HER 2-low, IHC1+ or IHC2+ with
ISH-negative [47] - one case of IHC3+ with ISH-negative and luminal-B genomic signature, treated as HER2-negative; (p) 7P53 mutation was
detected only in 4 patients, all for everolimus; (q) 3 prior lines: 14 for everolimus, 3 for endocrine therapy alone; 4 prior lines: 8 for everolimus; 5
prior lines: 4 for everolimus; (s) premenopausal women treated with aromatase inhibitor or fulvestrant received ovarian function suppression; (t)
5 women received letrozole, 2 plus everolimus and 3 alone; (v) 27 due to adverse events and 2 due to physician decision. Abbreviations:AK7/,
RAC-alpha serine/threonine-protein kinase gene; CDK4/6, cyclin-dependent kinase 4 and 6; CNS, central nervous system; ECOG, Eastern
Cooperative Oncology Group; ESRI, estrogen receptor 1 gene; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemis-
try; ISH, in-situ hybridization; IQR, interquartile range; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha gene;

PTEN, phosphatase and tensin homolog gene

9-months, respectively for everolimus and endocrine ther-
apy alone cohorts (Fig. 2). Despite shorter interval between
medical visits during the first 6 months for patients receiving
everolimus, the standard timing for first imaging follow-up
did not differ between cohorts (eTable2 in Supplement 1). In
the subgroup analyses, the benefit of adding everolimus was
more pronounced in women with body mass index>25kg/
m? (HR 0.64, 0.41-0.98), no special type histology (HR
0.64, 0.44-0.92, n=142), or Ki67>20% (HR 0.59, 0.38—
0.91), but statistically significant interaction was only found
when duration of prior CDK4/6 inhibitor>12 months (HR
0.56, 0.36-0.87), or when the endocrine therapy agent used
was an aromatase inhibitor (HR 0.55, 0.31-0.96). The same
trend was observed in women with detected PIK3CA/AKT1/
PTEN alterations (HR 0.57, 0.20-1.62, eFigure 2 in Supple-
ment 1) or more than one prior line of systemic therapy (HR

@ Springer

0.56,0.30-1.05) (Fig. 3). Baseline characteristics most nota-
bly associated with rwPFS on the univariate and multivari-
ate analyses were age (50—69 vs reference: <50years, HR
0.64, 0.44-0.93, adjusted HR 0.63, 0.42—0.95) and number
of prior lines of systemic therapy (>1 vs reference: 1 line,
HR 1.36, 1.02-1.82, adjusted HR 1.65, 1.17-2.34) (eTable
3 in Supplement 1, Table 2). When adjusted for these and
other clinically relevant baseline characteristics, there was
a statistically significant association of everolimus addition
with longer rwPFS (adjusted HR 0.68, 0.47-0.99, n=190)
(Table 2). The IPTW-adjusted HR for rwPFS was 0.71
(0.50-0.99, n=199). With 202 events and the treatment
allocation of 150 cases of endocrine therapy plus everoli-
mus and 57 cases of endocrine therapy alone, the study had
a power of 0.80 (at significance level 0.05) to detect a HR
of 0.64. The observed adjusted HR of 0.68 corresponds to a
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100
P=0.07

—— Everolimus

rwPFS probability, %
(3]
o
1

HR 0.75 (95% ClI, 0.55-1.02)

—— Endocrine therapy alone

o

T T T
0 6 12 18 24

Time, months

No. at risk
Everolimus 150 64 23 17 11
ET alone 57 21 5 3 1

Cohort ET p_Ius ET alone
everolimus
Events/Total 145/150 57/57
rwPFS,
median (95% CI) 5.0 (4.3-6.9) | 4.3(3.0-6.0)
3-mos rwPFS,
% (95% CI) 71(65-79) | 60 (48-74)
6-mos rwPFS,
% (95% Cl) 43 (35-51) 35 (25-50)
9-mos rwPFS
1 , § i

% (95% Cl) 24 (18-32) | 18(10-31)

36

3

Fig. 2 Kaplan-meier curves for real-world progression-free survival (N=207, 202 events). Five patients were censored in the everolimus cohort,
comprising four with no event at last visit and one lost to follow-up. Abbreviations: CI, confidence interval; ET, endocrine therapy; HR, hazard

ratio; mos, months; rwPFS, real-world progression-free survival

0.69 power. The study was reasonable powered (~70%) to
detect the effect size observed, and would have a 0.80 power
to detect a slightly larger benefit (HR <0.64).

Secondary and exploratory endpoints

The objective response rate was 25% (95% CI, 19-33%)
among women treated with endocrine therapy plus evero-
limus and 16% (7-28%) with endocrine therapy alone
(p=0.143, eTable 4 in Supplement 1). The median time to
everolimus failure was 4.2months (3.8-5.4, eFigure 3 in
Supplement 1). There were no statistically significant dif-
ferences between the two cohorts for time to chemotherapy
(HR 1.02, 0.75-1.41; everolimus 5.8 vs endocrine therapy
alone 6.3 months, eFigure 4 in Supplement 1) or overall sur-
vival (HR 0.81, 0.54-1.20; everolimus 24.2 vs endocrine
therapy alone 20.6 months, eFigure 5 in Supplement 1).
Adverse events of any grade were reported in 7 (12%)
women treated with endocrine therapy alone and in 131
(87%) exposed to endocrine therapy plus everolimus. The
most common adverse events in the everolimus cohort
were stomatitis (53%), fatigue (34%), decreased appetite
(20%), rash (17%), diarrhoea (16%), pneumonitis (15%),
and nausea (15%). Thirty women treated with everolimus
experienced a grade 3 adverse event (20%), while grade
4 adverse events were reported only in two women (rash
and pneumonitis). Serious adverse events were reported in
six (4%) patients treated with everolimus. Adverse events
led to everolimus discontinuation in 27 patients (18%),
mostly due to pneumonitis (=11, 7%, eTable 5 in Supple-
ment 1). There was a statistically significant association of

everolimus discontinuation due to adverse events with older
age (=70 vs reference: <50years, odds ratio 5.11, 95% CI,
1.03-25.23, eTable 6 in Supplement 1).

Discussion

Our study suggests that among women with ER-positive/
HER2-negative advanced breast cancer who start endocrine
therapy as immediate next line of therapy after disease pro-
gression on CDK4/6 inhibitors, the addition of everolimus
to endocrine therapy is associated with a clinically modest
improvement of rwPFS. This finding was statistically sig-
nificant when adjusting for clinically relevant confounders.
The subgroup findings generate the hypothesis that the ben-
efit is more pronounced in women with overweight/obesity,
no special type histology and highly proliferative tumours,
longer duration of prior CDK4/6 inhibitors, or when the
endocrine therapy agent used was an aromatase inhibi-
tor. Everolimus resulted in a numerically higher objective
response rate but was associated with increased toxicity,
without delaying the need for chemotherapy or providing a
statistically significant overall survival benefit.

We estimate a rwPFS gain inferior to 1 month with evero-
limus, resulting in an adjusted rwPFS risk reduction of 32%
compared to endocrine therapy alone. This magnitude of
clinical benefit is weaker than the one observed in the reg-
istration trial BOLERO-2 trial [32, 52]. The median rwPFS
of 5months in women exposed to everolimus in the EVER-
GREEN study is numerically inferior than the investigator-
assessed PFS in women not previously exposed to CDK4/6
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Subgroup eviTrc:,IIiLr:us E: _fae Iroer:;; Hazard ratio Interaction Fa.vors Favors
(events/total) (events/total) (95% ClI) (p-value) everolimus ET alone
Age, years
<50 25/25 13/13 0.98 (0.49-1.93) 0.72 ——
50-69 83/86 27/27 0.70 (0.45-1.08) o+
270 37/39 17/17 0.74 (0.41-1.34) ———
Menopausal status
Pre/perimenopausal 17/17 10/10 0.68 (0.31-1.51) 0.81 I-—.-—:-——l
Postmenopausal 127/132 47/47 0.76 (0.54-1.07) Ho—
Body mass index, kg/m?
<25 70/70 20/20 1.01 (0.61-1.67) 0.17 | . ey |
225 74/79 31/31 0.64 (0.41-0.98) o—t
ECOG performance status
0-1 128/132 53/53 0.76 (0.55-1.05) 0.90 o—i
2-3 9/10 4/4 0.70 (0.21-2.35) ——
Charlson Comorbidity Index
6 111/116 43/43 0.72 (0.50-1.03) 0.20 |-.—:|
7 23/23 13/13 1.11 (0.55-2.24) ——
>8 11/11 1/1 0.10 (0.01-1.53) P—I
Type of advanced breast cancer
De novo 40/42 19/19 0.85 (0.49-1.48) 0.62 ]
Recurrent 105/108 38/38 0.72 (0.49-1.05) o—i
Metastatic sites
Visceral (including CNS) 94/97 43/43 0.72 (0.50-1.04) 0.68 o—i
Bone only 50/52 14/14 0.83 (0.46-1.52) —e—
Histologic subtype
No special type 96/99 43/43 0.64 (0.44-0.92) 0.40 [ -
Lobular 28/29 6/6 0.88(0.36-2.17) —
Mixed/other 20/21 7/7 1.19 (0.49-2.86) } — 4
Ki67, % :
<20 53/55 14/14 1.20 (0.66-2.19) 0.06 ]|
220 82/84 29/29 0.59 (0.38-0.91) o—i.
Progesterone receptor status :
Positive 102/107 36/36 0.72 (0.49-1.05) 0.72 —o—i
Negative 39/39 18/18 0.81 (0.46-1.44) ——
HER2 status .
HER2-0 54/55 17/17 0.65 (0.37-1.14) 0.97 I—.—-I
HER2-low 87/91 28/28 0.66 (0.43-1.01) —o—i
PIK3CA/AKT1/PTEN alterations
Not detected 56/58 12/12 0.86 (0.46-1.61) 0.51 |-—v-——|
Detected 15/15 5/5 0.57 (0.20-1.62) I—'—I
Prior lines of systemic therapy
1 82/86 45/45 0.71 (0.49-1.03) 0.53 l—.—l
>1 63/64 12/12 0.56 (0.30-1.05) ——ii
Prior CDK4/6 inhibitor, months
<12 54/57 30/30 1.09 (0.70-1.72) 0.04 H.—I
>12 91/93 27/27 0.56 (0.36-0.87) o :
Endocrine therapy agent used :
Exemestane/Letrozole 113/117 14/14 0.55 (0.31-0.96) 0.02 I—.—l
Fulvestrant 28/29 35/35 1.62 (0.95-2.74) [P —
Tamoxifen 4/4 8/8 1.07 (0.30-3.82) } ’ i
1 1 1 1
0 1 2 3 4

Hazard ratio (95% CI)

Fig. 3 Subgroup analyses for real-world progression-free survival. Abbreviations: AKT1, RAC-alpha serine/threonine-protein kinase gene;
CDK4/6, cyclin-dependent kinase 4 and 6; CI, confidence interval, CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group;
ET, endocrine therapy; HER2, human epidermal growth factor receptor 2; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic sub-
unit alpha gene; PTEN, phosphatase and tensin homolog gene
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Table 2 Multivariable analysis of real-world progression-free survival
(n=190, 185 events)®

Variable Events/total aHR (95% CI)
Study treatment cohort

ET alone 53/53 Reference

ET plus everolimus 132/137 0.68 (0.47-0.99)
Age category, years

<50 37/37 Reference

50-69 101/104 0.63 (0.42-0.95)

>70 47/49 0.65 (0.40-1.04)
ECOG performance status

0-1 173/177 Reference

2-3 12/13 1.12 (0.57-2.19)
Charlson Comorbidity Index

6 141/146 Reference

7 32/32 1.02 (0.67-1.57)

>8 12/12 0.88 (0.48-1.62)
Type of advanced breast cancer

De novo 55/57 Reference

Recurrent 130/133 0.86 (0.61-1.22)
Metastatic sites

Bone only 59/61 Reference

Visceral (including CNS) 126/129 1.16 (0.83-1.62)
Histologic subtype

No special type 129/132 Reference

Lobular 29/30 1.20 (0.78-1.86)

Mixed/other 27/28 0.65(0.42-1.01)
Progesterone receptor

Negative 56/56 Reference

Positive 129/134 0.91 (0.65-1.28)
Prior lines of systemic therapy

1 121/125 Reference

>1 64/65 1.65(1.17-2.34)
Prior CDK4/6 inhibitor, months

<12 81/84 Reference

>12 104/106 0.83 (0.60-1.15)

Abbreviations: aHR, hazard ratio; CI, confidence interval; CNS,
central nervous system; ECOG, Eastern Cooperative Oncology
Group; ET, endocrine therapy. Note: (a) Multivariate cox regression
complete case analyses, adjusting the treatment effect estimate for a
priori selected clinically relevant potential confounders (age, ECOG
performance status, Charlson Comorbidity Index, de novo vs recur-
rent advanced breast cancer, metastatic sites, progesterone receptor
status, number of prior lines of systemic therapy, and prior CDK4/6
inhibitor duration)

inhibitors included in BOLERO-2 (7.8 months) [53] and
BOLERO-6 (8.4months) [54] trials. Although there was
no independent central review of rwPFS in EVERGREEN,
the good concordance between local and central review
was previously demonstrated for advanced breast cancer
trials [55]. However, the rwPFES in the everolimus cohort
of EVERGREEN was similar or slightly higher than in
smaller USA cohorts in the same setting (3.6 to 4.9 months)
[35-39]. More recently, Sanchez-Bayona et al. reported a
retrospective cohort study assessing the non-comparative

effectiveness of endocrine therapy plus everolimus after
disease progression on CDK4/6 inhibitors in 161 patients
from four Spanish centres during an identical period up to
December 2022 [41]. With a shorter follow-up of 15 months,
the rwPFS was 6.0 months, similarly higher in patients with
longer exposure to CDK4/6 inhibitors [41]. The biologi-
cally plausible association between longer prior exposure
to CDK4/6 inhibitors and greater benefit from everolimus
requires prospective validation before being used to guide
treatment selection in routine clinical practice. Importantly,
the estimated median rwPFS of 4.3 months among women
included in the endocrine therapy alone cohort of our
study aligns with best estimates from clinical trials (1.9 to
5.5months) [20, 27-30], and large multicentric real-world
evidence (3.3 to 4.4months) [56, 57]. We believe this is
strongly warranted by the quasi-experimental design of our
study, which mitigates the common confounding by indica-
tion bias observed in most real-world evidence of treatment
patterns. By including in the endocrine therapy alone cohort
only sites in which everolimus is not standard-of-care in this
setting, we avoided the selection of patients to this cohort
who would not be considered fit enough for the addition
of everolimus, increasing the internal validity of our study
findings. As a result, all clinicodemographic and pathol-
ogy characteristics were well balanced, except for a higher
number of prior lines in the everolimus cohort, which may
have narrowed the rwPFS gain in the crude analysis. The
multivariate regression model controlled for this and other
potential confounders, and the robustness of this finding is
consistently supported by the post-hoc IPTW sensitivity
analysis. The difference between cohorts of the endocrine
therapy agent used as study treatment is explained by the
preference for fulvestrant after progression on aromatase
inhibitor (endocrine therapy alone cohort) [15, 16], while
the label of everolimus is in combination with exemestane
(everolimus cohort) [58]. This treatment pattern is consis-
tent with contemporary metastatic breast cancer guidelines
[15, 16], and the observed imbalance should be interpreted
as reflecting real-world treatment strategies rather than a
conventional confounding variable. The use of fulvestrant
in combination with everolimus is supported by a small,
randomised phase II trial including patients unexposed to
CDK4/6 inhibitors [59]. The positive results of this trial
were not replicated in our study among the subgroup of
patients receiving fulvestrant. Nevertheless, the pre-planned
subgroup findings according to endocrine therapy agent
used should be interpreted cautiously because the study was
not powered to determine whether the treatment effect truly
differs according to the endocrine backbone.

Although everolimus was associated with longer rwPFS,
no statistically significant differences were observed in
overall survival or time to chemotherapy. These endpoints
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are less susceptible to assessment bias and may better reflect
long-term benefit. However, in ER-positive/HER2-negative
advanced breast cancer, the effect of individual therapies is
commonly diluted by the multitude of subsequent treatment
options. Consequently, the modest rwPFS benefit observed
in our study should be interpreted in the context of the
absence of demonstrated improvement in these downstream
clinical outcomes, while recognising rwPFS as a clinically
meaningful endpoint.

During the last years, consecutive targeted therapies
were approved for second-line ER-positive/HER2-negative
advanced breast cancer, demanding wider genomic testing
to guide post-CDK4/6 inhibitors treatment sequencing for
patients who are candidates to continue cytotoxic-free sys-
temic therapy [12, 13, 17]. During the accrual period of our
study only alpelisib was approved in Europe [21], but its
availability and accessibility was limited in the two partici-
pating countries [60]. Acknowledging that fewer than half
of the study population was tested and that the assays and
the origin/timing of sampling used were heterogeneous as
by local practice, PIK3CA mutation (19%) was the most fre-
quent alteration among the patients with somatic genomic
testing, lower than previously reported [17, 18]. Interest-
ingly, we observed a trend towards higher rwPFS benefit
of adding everolimus in cases with PIK3CA/AKT1/PTEN
alterations. However, this subgroup analysis should be
interpreted with caution due to small numbers and the lim-
ited availability of genomic testing. Our findings should
reinforce that the benefit of adding everolimus seems to
be independent of PI3K-pathway alterations [61]. The
recent approvals of inavolisib with fulvestrant and palbo-
ciclib [62], and capivasertib plus fulvestrant [25] increase
the importance of testing PI3K-pathway alterations. The
fact that elacestrant was only approved in Europe in Sep-
tember 2023 [26] might partly explain the low ESR] muta-
tion detection rate in our study. Due to the lack of clinical
actionability during the study period, this gene might not
have been included in most assays performed or large pan-
els might have been performed in archival tissue unexposed
to aromatase inhibitor. Currently, with access to elacestrant
and soon imlunestrant [63], combined with the high per-
formance for tumour next-generation sequencing (NGS) in
detecting germline BRCA1/2 mutations, the range of clini-
cally actionable alterations is expanding, and NGS is now
recommended for patients with advanced breast cancer [17].
The limited use and occasional availability of large NGS
panels in both countries during the study period [64] limits
the precision of biomarker-driven subgroup analyses in our
study and might explain also the small number of detected
TP53 mutations, a biomarker of poor prognosis in patients
with ER-positive advanced breast cancer [65].

@ Springer

Still, no actionable alterations are detected in nearly half
of the cases of ER-positive/HER-negative advanced breast
cancer [19]. Fulvestrant with a CDK4/6 inhibitor switch
(ribociclib or abemaciclib) beyond progression outperforms
fulvestrant monotherapy [28, 30]. Two large multicentric,
nationwide real-world studies in the USA and Japan report
that, despite the growing use of this strategy in up to one-
third of patients after progression on CDK4/6 inhibitors,
endocrine therapy with or without everolimus remains the
option in around one-fourth of the cases [56, 57]. The effi-
cacy of imlunestrant with abemaciclib in EMBER-3 trial
irrespective of ESR/ status [63], and the results from ongo-
ing trials with novel selective estrogen receptor degraders
combined with everolimus (NCT06382948, NCT05306340,
NCT05563220) [66—68] might soon bring to clinical prac-
tice more effective options in the post-CDK4/6 inhibitors
setting. The generalisability of EVERGREEN should be
interpreted in the context of the study period and the avail-
ability of novel agents and genomic sequencing in the par-
ticipating countries. While these novel strategies are not
widely accessible, our study suggests the benefit of add-
ing everolimus to endocrine therapy and supports optimal
patient selection by identifying subgroups with better risk-
benefit profile.

Our study has limitations inherent to its retrospective
nature, for which we implemented several mitigation strate-
gies. Regarding real-world data source and risk of missing
data, the structured data collection from the medical records
into a standardised electronic case report form, with cen-
tral medical revision of critical variables, warranted missing
data below 10% in the multivariate model for the primary
endpoint. When it comes to the measurement of the pri-
mary endpoint and patient’s follow-up, all patients had a
minimum follow-up of six months and only one case was
censored for rwPFS due to loss to follow-up. We did not
censor for everolimus discontinuation, mitigating the risk
of informative censoring. However, twPFS measuring has
limitations, including potential outcome measurement bias
from heterogeneous follow-up schedules. To estimate this
bias, we surveyed the participating sites on their standard-
of-care schedule for clinical and imaging assessment of
patients in this specific disease setting. This bias is likely
to be residual towards underestimation of the clinical ben-
efit of adding everolimus, as clinical disease progression in
the endocrine therapy alone cohort may have been detected
later due to less frequent clinical assessments in the first six
months. Although the timing of the first imaging assessment
did not differ between cohorts, physician-level differences
may still exist. The used rwPFS definition acknowledges
the retrospective nature of outcome ascertainment and its
methodological differences from protocol-defined PFS
used in prospective clinical trials [48, 49]. The lack of a
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prospectively standardised assessment of tumour response
and safety limits interpretation of these exploratory out-
comes. Safety outcomes should be interpreted cautiously
because adverse events were retrospectively collected
without a standardised prospective assessment schedule.
The very low adverse-event rate in the endocrine therapy
alone cohort may reflect under-ascertainment, limiting
direct comparison of safety frequencies between groups.
On the other hand, the incidence of stomatitis (53%) was
numerically higher than reported in prospective studies
such as evERA trial (47.3%) [66]. One possible explana-
tion is the heterogeneous implementation of prophylactic
steroid mouthwash across participating centres during the
study period, particularly in Portugal, where routine use
was not universal. Despite similar distribution of types of
hospitals between the two cohorts (eTable 1), as treatment
was assigned at site-level, residual site-level confounding
cannot be fully excluded since unmeasured institutional dif-
ferences in patient management, multidisciplinary care, or
treatment culture may have influenced outcomes indepen-
dently of everolimus exposure.

Finally, external validity was maximised by the interna-
tional and multicentric design of EVERGREEN, including
cancer centres, academic, and peripheral hospitals, with rep-
resentation of both private and public management, across
two distinct European healthcare systems.

Conclusion

The addition of everolimus to standard endocrine therapy
resulted in a modest clinical benefit for patients with ER-
positive/HER2-negative advanced breast cancer progress-
ing on CDK4/6 inhibitors. This limited improvement in
clinical outcomes and the toxicity profile highlight the need
for careful selection of patients with more favourable risk-
benefit profile. Everolimus-based endocrine therapy may be
considered as a control arm for clinical trials in this setting.
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supplementary material available at https://doi.org/10.1007/s10549-0
26-08012-5.
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